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FOREWORD

In 2011, the United Nations Secretary- 
General launched the Sustainable Ener-
gy for All (SE4ALL) initiative with three 
interlinked objectives to be achieved by 
2030: ensure universal access to mod-
ern energy services; double the global 
rate of improvement in energy efficien-
cy; and double the share of renewable 
energy in the global energy mix. IRENA 
joined this global effort and took the 
lead as the SE4ALL Hub for Renewable 
Energy. REmap 2030 is IRENA’s solu-
tion for how we can work together to 
double the share of renewable energy in 
the global energy mix. This report is a summary of the first-ever global 
roadmap to meet this challenge.

REmap 2030 is both a call to action and a remarkable piece of good news. 
The good news is that the technology already exists to achieve that as-
pirational goal by 2030, and even to surpass it. Strikingly, taking external 
costs into account, the transition to renewables can be cost-neutral.

The call to action is this: unless countries take the necessary measures 
now, we will miss the goal by a considerable margin. If we continue with 
business as usual, under the policies currently in place, the world will 
increase the share of renewable energy from 18 percent today to only 21 
percent, instead of a potential 36 percent or more.

REmap 2030 represents an unprecedented international effort that brings 
together the work of 82 national experts from 42 countries, who col-
laborated through a year-long programme of global webinars, regional 
meetings, and national workshops involving technology experts, industry 
bodies and policy makers. Its findings are clear. Compared to energy sys-

tems based on fossil fuel, renewable energy offers broader participation, 
is better for our health, creates more jobs and provides an effective route 
to reducing carbon emission – a goal that becomes increasingly urgent by 
the day. Many renewable energy technologies already provide the most 
cost-effective option for delivery of energy services, with innovation and 
increasing deployment continuing to drive costs down.

But amid these advances, there are still misconceptions on the positive 
impact that renewable energy has to offer in a global drive for a sustain-
able and inclusive growth. Policy makers are insufficiently aware of the 
challenges and opportunities that lie before them, and national elector-
ates cannot easily obtain objective and transparent information. REmap 
2030 aims to contribute to remedying these shortfalls.

Of course, there is no-one-size-fits-all solution. Every country is different, 
and each will need to take a different path. REmap 2030 is an invitation to 
countries to forge the renewable energy future most appropriate to their 
circumstances, informed by the most comprehensive and transparent 
data available. It is also a living document. This report is supplemented 
by a shorter summary, an expanding series of country and issue-specific 
studies, and the continually updated REmap web pages. The whole 
REmap initiative will continue to evolve and expand over time.

But at its heart, REmap 2030 offers a simple choice. Take the necessary 
action now and build a healthy, prosperous and environmentally sustain-
able future through renewable energy, or carry on as usual and see our 
hopes for a future built on a sustainable energy system recede a long way 
into the future. To me, this is no choice at all. Renewable energy is not an 
option. It is a necessity. REmap offers a pathway to make it happen.

Adnan Z. Amin
Director-General
International Renewable Energy Agency

REmap 2030  I I I



When the United Nations Secretary-
General launched the Sustainable 
Energy for All initiative in 2011, he sent 
a message to the world: to achieve 
sustainable, equitable progress, we 
have to change the way we power our 
societies. Along with ensuring universal 
access to modern energy services and 
improving energy efficiency, we need to 
double the share of renewable energy in 
the global energy mix by 2030.

Achieving sustainable energy for all re-
quires an investment in our collective 
future, which must be fully integrated in the post-2015 development 
agenda.

The launch of REmap 2030, therefore, could not be more timely. The first 
global roadmap of its kind, based on an unprecedented analysis of the 26 
most important energy markets, it shows not only what we must do, but 
how we can do it.

At its heart lies a remarkable finding: not only is it possible to double the 
global share of renewable energy by 2030, but it is possible to do so more 

MESSAGE FROM SUSTAINABLE ENERGY FOR ALL

cheaply than the alternatives. In other words, one of the key solutions 
to the greatest challenge of our era – climate change – is also the most 
cost-effective option.

REmap 2030 also shows how the other major objectives of Sustainable 
Energy for All – ensuring universal access to modern energy services and 
doubling the global rate of improvement in energy efficiency – are fur-
thered by this push toward renewable energy. 

It provides a pathway for hundreds of millions of people currently left 
off the grid to benefit from clean, healthful, locally produced power, and 
it demonstrates the powerful symbiotic relationship between renewable 
energy and energy efficiency, in which progress in one fosters progress 
in the other.

Our challenge is to ensure that these messages find the widest possible 
audience. REmap 2030 needs to be seen not only by international policy 
makers and climate scientists, but also by financiers and entrepreneurs, 
industry leaders and venture capitalists. 

Its message is clear: the world stands poised at the dawn of a new in-
dustrial revolution – one that can be powered by clean, healthful energy 
sources that will never run out. Let us grasp this opportunity with enthu-
siasm to build a better world.

Kandeh Yumkella
Special Representative of the Secretary-General of the United Nations 
and CEO, Sustainable Energy for All
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In 2014, the Intergovernmental Panel on Climate Change has added new 
urgency to the Secretary-General’s call. As the panel’s report clearly 
shows, a global shift to clean energy, with energy effi  ciency and renew-
able energy at the center, off ers us the best option for the protection of 
the world’s climate.
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EXECUTIVE SUMMARY

The global share of renewable energy can reach as high as 36% by 2030 
with technologies that are already available today as well as with im-
proved energy efficiency and energy access. Going further than this will 
require thinking “outside the box”, with early retirement of conventional 
energy facilities, technology breakthroughs and consumer-driven societal 
change. The report summarised here, prepared by the International Re-
newable Energy Agency (IRENA) through broad consultations and en-
gagement around the world, provides a global roadmap for doubling the 
share of renewables in the energy mix. This full report of REmap 2030 
provides insights into five specific areas:

1. Pathways for doubling the share of renewable energy in the global 
energy mix based on the national plans of 26 REmap countries and 
the additional REmap Options, and how to go beyond doubling based 
on different strategies represented by the RE+ Options;

2. Socio-economic impacts related to doubling the global share of re-
newable energy;

3. Current situation of renewable energy markets in the power, district 
heat and end-use (industry, buildings, transport) sectors as well as 
developments between 2010 and 2030 if all REmap Options are im-
plemented;

4. National policy proposals to improve the existing policy framework; 
and

5. Opportunities for international co-operation of governments for dou-
bling the global share of renewable energy.

This report has six chapters. Chapter 1 is an introduction 
to REmap 2030. It explains the link between REmap 
2030 and the Sustainable Energy for All (SE4ALL) 
initiative, as well as the knowledge gaps that this 
study closes in view of the requests from the IRENA 
Member States and the SE4ALL objectives of 1) 
modern energy access, 2) doubling the global share 

of renewable energy by 2030 and 3) doubling 
energy intensity improvements between today 
and 2030.

Chapter 2 explains the REmap methodology. 
Chapter 3 presents the Reference Case and the 
REmap Options as well as the RE+ Options and 
innovation needs to go beyond a doubling of the 
renewable energy share. Chapter 4 presents findings 
on the costs of the policies, externalities and socio-economic benefits 
for REmap 2030. Chapter 5 focuses on specific actions that would be 
most productive in the four sectors of electricity, industry, buildings and 
transport. It ends with a short discussion of biomass, which is the larg-
est source of renewable energy now and will continue to be in the future 
according to REmap 2030. Finally, Chapter 6 discusses how REmap can 
be operationalised, what policies are needed and how can international 
co-operation help.

REmap 2030 indicates a pathway for doubling the share of sustainable 
renewable energy in the world’s total final energy consumption (TFEC)1.

 ● Based on a bottom-up analysis of 26 countries which participated in 
REmap 2030, the policies that are currently in place and under con-
sideration – termed the Reference Case in this study – would take the 

1 TFEC includes the total combustible and non-combustible energy use from all energy carriers as 
fuel (for the transport sector) and to generate heat (for industry and building sectors) as well as 
electricity and district heat. It excludes non-energy use, which is the use of energy carriers as feed-
stocks to produce chemicals and polymers, but includes the consumption in blast furnaces and coke 
ovens of the iron and steel sector. This report uses this indicator to measure the renewable energy 
share, consistent with the Global Tracking Framework report (World Bank, 2013a).
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world only from the current 18% renewables share 
to a 21% share in 20302.

 ● This study identifies additional REmap Options on 
top of the Reference Case. The REmap Options to-
gether with doubling the rate of energy efficiency 
improvements and providing universal access to 
modern energy services via renewables would raise the 
renewable energy share to as much as 36%3.

 ● To continue the transition beyond a doubling of the share of renewable 
energy, intensified research, development and deployment (RD&D) 
policies are needed, along with standards, quality control, technology 
co-operation and project development capacity. These technology 
options are presented under RE+ Options.

 ● Biomass currently makes up 75% of total renewable energy consump-
tion today, with traditional use of biomass accounting for more than 
half of all renewables. Not all traditional use of biomass today is sus-
tainable, however.

 ● As traditional use of biomass decreases, the share of modern renewa-
bles will more than triple. As energy demand continues to grow, this 
will require a quadrupling of modern renewables in absolute terms.

 ● Technology costs have fallen significantly and will continue to decline 
through technology innovation, competition and growing markets, 
and regulatory streamlining.

 ● On a country level, the Reference Case for renewable energy deploy-
ment in 2030 ranges from 1% to 43%, with a 21% weighted average for 
the 26 REmap countries (including traditional use of biomass). With 
REmap Options fully implemented, the range would be from 6% to 
66%, with a 27% weighted average (excluding traditional use of bio-
mass). The average increases to 30% for the world as a whole.

2 Renewable energy share in TFEC is estimated as the sum of all renewable energy use by all energy 
sources (e.g., biomass, solar thermal) and the share of district heat and electricity consumption 
originating from renewable energy divided by the TFEC. It can be estimated for the total of all end-
use sectors of a country or for each sector separately.

3 Using a different metric, such as primary energy, would yield more than a doubling for the same 
amount of renewables.

 ● The level of renewable energy ambition tends to correlate with the 
energy price level. The macroeconomic perspective and business eco-
nomics diverge in many countries.

The economic case for the renewable energy transi tion is even stronger 
when socio-economic benefits, such as climate change mitigation, health 
im pacts and job creation are included. A high renewable energy share 
based on a range of renewable technologies provides flexibility, increases 
independence and makes the overall energy supply more reliable and af-
fordable.

 ● IRENA’s analysis suggests that the average sub stitution cost for dou-
bling the share of sustainable renewables is US Dollar (USD) 2.5 per 
gigajoule (GJ)4 of final renewable energy use in 20305. The average 
substitution cost by country ranges from USD -12 to USD 14 per GJ.

 ● Worldwide incremental energy system costs average USD 133 billion 
annually until 2030, while average incremental investment needs are 
around USD 265 billion annually to 2030. Renewable subsidy needs 
rise to USD 315 billion in 2030 with the REmap Options fully deployed, 
but in some countries, subsidies peak before 2030. 
In compari son, global subsidies for fossil fuels 
amounted to USD 544 billion in 2012.

 ● Average health benefits due to the mitigation 
of air pollution from fossil fuel use are in the 
range of USD 1.9-4.6 per GJ, while carbon 
dioxide (CO2) mitigation benefits are in the 
range of USD 3-12 per GJ. The total of cost 
and benefits results in net savings of at least 
USD 120 billion, and as high as USD 740 bil-
lion by 2030.

4 1 gigajoule (GJ) = 0.0238 tonnes of oil equivalent (toe) = 0.0341 tonnes of coal equivalent (tce) = 
0.238 gigacalories (Gcal) = 278 kilowatt-hour (kWh) = 0.175 barrel of oil equivalent (BoE) = 0.947 
million British thermal units (MBtu).

5 Substitution cost represents the difference between the an nualised costs of the REmap Options and 
a conventional energy technology used to produce the same amount of energy divided by the total 
renewable energy use in final energy terms.
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 ● Compared to the Reference Case, renew able energy can yield 8.6 
gigatonnes (Gt) of CO2 reductions in 2030, on par with the potential 
reduction due to energy efficiency. Renewable energy and energy ef-
ficiency offer, jointly, the prospect of significant CO2 reductions, in line 
with a maximum global temperature rise of 2 degrees Celsius (oC).

 ● REmap Options will result in the creation of net 900 000 jobs in the 
energy sector on average to 2030, compared to the Reference Case, 
generated directly by core activities without taking into account the 
intermediate inputs neces sary to manufacture renewable energy 
equipment or to construct and operate facilities.

Global electricity consumption will grow faster than TFEC, from nearly 
20% to around 25% of TFEC in 2030. However, electrification6 and deploy-
ing renewable electricity alone will not be sufficient to reach a doubling 
of the renewable energy share. Renewable electricity uptake needs to be 
complemented by direct replacement of fossil fuel use in the three end-
use sectors of build ings, transport and industry.

If the REmap Options are deployed, the total share of 
modern renewable energy in 2030 would reach 44% 
in power, 38% in buildings, 26% in industry and 17% 
in transport (including renewable electricity and 
district heat in end-use sectors). Around 40% of the 
total modern renewable energy use in REmap 2030 

is in power generation, with 60% in the other three 
end-use sectors.

 ● Governments underestimate the change that is coming. Solar photo-
voltaics (PV) is a good exam ple: total governmental projections yield 
less than 500 gigawatt-electric (GWe) of solar PV in 2030, whereas 
REmap 2030 demonstrates that a combination of current market 

6 Electrification means that services provided by end-use sectors which are currently based on fuel-
based technologies (e.g., gasoline-running passenger vehicles, coal-based industrial production 
processes) are being substituted with their electricity-based counterparts (e.g., electric vehicles, 
electrolysis for chemical production processes). This raises the share of electricity use in the TFEC 
of the end-use sectors since less fuel is used whilst more electricity is consumed.

trends coupled with enabling poli cies can result in 
1 250 GWe.

 ● If all REmap Options are deployed, coal use will be 
affected most, with a decline of up to 26%, and gas 
and oil use would decline by 15%, compared to the 
Reference Case. A higher share of renewable energy in the 
energy supply mix would change the balance and affect interna-
tional trade flows. Total renewables con sumption could exceed the 
consumption of each of the three fossil fuels if expressed based on 
either of the commonly applied primary energy accounting methods.

 ● Biomass dominates the renewable energy portfolio. Greater focus on 
ensuring sustainability is neces sary to accelerate the use of biomass, 
especially in the three end-use sectors. In addition, innovative solu-
tions for electrification should be explored.

 ● Markets and policy makers both play crucial roles. Markets provide 
affordable solutions, but a sustainable future requires policy guid-
ance. Policies must enable investments and stimulate market growth 
and trans formation, with a focus not only on short-term gains, but 
also on long-term impact. Effective policies must take into account 
system and infrastructure issues, such as biomass supply and de-
mand, electricity generation capacity and the transformative value of 
smart grids. Market forces play a key role in finding efficient solutions 
and scaling up the best practices.

 ● This analysis identifies five key areas for national action where tar-
geted policies are needed to accelerate progress.

 ● There is a need to focus on overall system design rather than on the 
cheapest source of renewable en ergy. Governments must ensure 
the development of enabling infrastructure, including power grids 
and storage, to support the integration of high shares of variable 
renewables.

 ● Pre-commercial research needs to be conducted in emerging tech-
nology areas. Notably, new re newable energy solutions are needed 
for the three end-use sectors.

Meeting the objective of doubling the share of renewable energy by 
2030 requires action by both the public and private sectors. Numerous 
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barriers exist today, and action is needed to overcome them. Based on 
the 26 REmap country analyses and dialogue, this report has identified 
five key areas for national action to improve the existing policy frame-
work for doubling the renewable energy share in the global energy mix:

1. Planning realistic but ambitious transition pathways for renewable 
energy:

 ● Assess the base-year situation and Reference Case trends for renew-
able energy for 2030 on a country basis;

 ● Develop a national roadmap to meet renewable energy targets. 
Monitor progress and re-evaluate targets and framework effective-
ness and efficiency regularly;

 ● Ensure human and institutional capacity to de velop and sustain the 
transition;

 ● Streamline planning processes and ensure their consistency and 
inclusiveness on different levels, including municipal, national and 
regional planning.

2. Creating an enabling business environment:
 ● Invest in new capacity and develop risk-minimising measures to re-

duce the cost of capital and levelised cost of energy generation and 
use;

 ● Consider increased renewable energy deployment as an alternative 
to fossil fuel subsidies;

 ● Ensure fair market access and phase out negative price distortions;
 ● Account for external effects in the pricing of fossil fuel energy supply 

and use;
 ● Ensure quality of products through standards and regulations, and 

find the country balance for local content requirements in the light 
of market access for cost reductions and innovation;

 ● Through country-dialogue and community engagement establish a 
set of credible and predictable policy frameworks that can be main-
tained over longer periods. Ensuring smooth integration into the 
existing infrastructure;

 ● Reduce the duration of project implementation by improving the 
planning and regulatory framework.

3. Ensuring smooth integration into the exist-
ing infrastructure:

 ● Strengthen existing and build 
enabling infrastructure such 
as transmission grids, inter-
connectors and electric vehi-
cle charging stations;

 ● Facilitate sustainable bio-
mass supply and consider the 
nexus in the development of 
renewable energy strategies 
and policies, notably land, 
energy, water, agriculture, 
trade and infrastructure;

 ● Develop market for afford-
able and reliable equipment 
for modern energy access.

4. Creating and managing knowledge of technology options and their 
deployment:

 ● Build a strong, publicly accessible knowledge base on renewable en-
ergy technology costs, potential and options;

 ● Expand project development knowledge for bankable project propos-
als;

 ● Collect and report best-practice information on technology and poli-
cies;

 ● Establish and improve programmes to increase awareness and 
strengthen the capacity of manufacturers, installers and users;

 ● Design renewable energy technologies from the point of view of prod-
uct and service life-cycle environmental and sustainability impacts.

5. Unleashing innovation:
 ● Develop targeted policies that support the technology life cycle;
 ● Review energy applications of high relevance and low renewable 

energy potential and develop programmes to fill the gap with new 
technology.
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The renewables potential varies by country, and there fore specific areas 
and groupings for co-operation need to be considered.  Areas of focus 
include:

 ● Scaling up international markets, for economies of scale and acceler-
ated technology learning;

 ● An enhanced knowledge base, including better data on biomass use, 
renewable energy resource potential and comparative technology 
costs;

 ● More-detailed assessment of the nexus between access, efficiency and 
renewable energy share, as well as energy, water and land use;

 ● Promotion of the role of sustainable biomass prod ucts and renewable 
electricity as internationally traded energy carriers;

 ● Intensified sharing of experiences and best policy and planning prac-
tice for renewable energy.

Most action will be national, but in many regions more international co-
operation can help to accelerate an energy transition. Actions and poli-
cies will need to be tailored to account for the specific needs of regions, 
sectors and technologies and involve multiple stakeholders. International 
co-operation will enable a surge in the adoption and use of renewable 
energy worldwide. Interconnectors (trade and grid stability), harmo-
nised standards, capacity building, exchange of best policy practices and 
precommercial research for innovation are all indispen sable to go beyond 
a 36% renewables share – and are achievable only when countries work 
together.
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1
In 2012, the United Nations General Assembly declared 2014-2024 to be 
the Decade of Sustainable Energy for All, underscoring the importance of 
energy issues for sustainable development and for the elaboration of the 
post-2015 development agenda (UN GA, 2012). In the same year, the UN 
Secretary-General set up a High-Level Group on Sustainable Energy for 
All (SE4ALL) to develop a global action agenda based on three intercon-
nected objectives: 1) ensuring universal access to modern energy services, 
2) doubling the rate of improvement of energy efficiency and 3) doubling 
the share of renewable energy in the global energy mix (SE4ALL, 2012). 
The International Renewable Energy Agency (IRENA) is the renewable 
energy hub for SE4ALL.

IRENA was established in April 2011 as the inter-governmental 
agency for deployment of renewable energy. As of the end of April 
2014, the Agency had 130 Members and 38 countries in the pro-
cess of accession. The Members asked the Agency to explore how 
an aspirational target of doubling the global renewable energy 
share could be put into practice (IRENA, 2012a). IRENA developed 
REmap 2030 to explore in more detail the feasibility of the third 
objective, including the interconnectivity between renewable en-
ergy and energy efficiency strategies.

REmap 2030 is a roadmap to double the share of renewable energy 
by 2030. It is the first global study to provide renewable energy op-
tions based on a bottom-up analysis of official national sources. In 
investigating the doubling of the share of renewable energy in glob-
al total final energy consumption (TFEC), IRENA engaged its Mem-
bers. The underlying data were provided largely by the 26 REmap 
countries, and the findings generally were co-ordinated with the 
country expert appointed by each country. The roadmap goes be-
yond the power sector to investigate the three end-use sectors of 
buildings, transport and industry, which are too often overlooked. 
Furthermore, the cost of this transition was calculated in-depth. The 

1 INTRODUCTION

study not only investigates the additional technology potential to reach a 
doubling, but also identifies the innovation and technology development 
needs to go beyond a doubling, as well as the real-world barriers that could 
impede these developments – and proposes ways to overcome them.

In January 2013, IRENA published the working paper Doubling the Global 
Share of Renewable Energy: A Roadmap to 2030 (IRENA, 2013a). This 
publication, based on an analysis of global energy scenarios for 2030, 
showed that a doubling of renewable energy is achievable and requires 
action in all regions. It also revealed a significant gap between the global 

Figure 1.1 Doubling the share of renewables by 2030
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Note:  The world currently gets 18% of its energy from renewables, but only 9% is modern renewables, and the 
other 9% is traditional use of biomass, of which only part is sustainable. To achieve a doubling of sustainable 
renewable energy, modern renewables need to replace traditional use of biomass almost entirely. As a result, 
the share of modern renewables more than triples from 9% in 2010 to 30% or more by 2030.
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1renewable energy share in 2030 based on existing national renewable en-
ergy plans and the doubling objective of the SE4ALL initiative. Bridging 
this gap will require major progress in improving energy efficiency and 
achieving universal energy access.

Figure 1.1 shows the share of renewable energy in 2010 as a share of TFEC; 
9% of TFEC is modern renewable energy, and up to another 9% is tradi-
tional use of biomass, resulting in a total renewable energy share of 18% 
in 2010. The International Energy Agency (IEA, 2012a) defines traditional 
use of biomass as: “the use of wood, charcoal, agricultural residues and 
animal dung for cooking and heating in the residential sector. It tends 
to have very low conversion efficiency (10% to 20%) and often relies on 
unsustainable biomass supply”.

Although the IEA collects data on biomass use in the building sector 
and proposes a methodology for breaking down the reported data by 
modern and traditional forms, the total volumes reported are subject to 
great uncertainty for numerous reasons. The actual volumes used in some 
developing countries and economies in transition are often not measured 
but estimated based on simplified approaches, such as the extrapolation 
of historical data based on growth in gross domestic product (GDP). Fur-
thermore, because the definition of traditional use of biomass is broad, 
the total volume changes depending on the definition and method of 
estimation, resulting in inconsistencies across years. Consequently, there 
is a great deal of uncertainty. It is clear, however, that to achieve sustain-
able energy for all, the efficiency of traditional use of biomass needs to be 
increased. As a result, the share of modern renewables more than triples 
from 9% in 2010 to 30% by 2030, as shown in Figure 1.1.

IRENA discussed the development of a more detailed IRENA roadmap 
for its Members at the third meeting of the IRENA Council in June 2012 
(IRENA, 2012b) and organised two consultation workshops with IRENA 
Members in September and November 2012. Representatives from 
18 countries attended. The main feedback was that an IRENA roadmap 
would help streamline IRENA’s internal and external activities and should 
be based on a transparent process for country engagement and peer re-

view so that country experts can learn from each other’s inputs (IRENA, 
2012c,d). REmap 2030 is an evolving document (IRENA, 2012e).

This full roadmap report provides detailed results of the analysis and addi-
tional information related to the objective of doubling the share of modern 
renewable energy, and is an extended version of the Summary published 
on 19 January 2014 (IRENA, 2014a). This report is based on the 26 REmap 
country analyses prepared by the IRENA Secretariat in dialogue with na-
tional experts. These country analyses will be made available in the coming 
months and are living documents that will be updated regularly.

The foundations for the REmap 2030 process – along with the results of 
the global analysis – were presented at the third meeting of the Assembly 
and in the REmap working paper in 2013. The proposed way forward was 
an iterative three-step process built around and reliant upon full Member 
engagement with three elements:

 ● Pathways for doubling the global renewable energy share;
 ● Additional renewable technology options to meet the objective; and
 ● Opportunities for international co-operation to realise this vision.

This report addresses each of these elements and is organised as fol-
lows: Chapter 2 explains the REmap methodology. Chapter 3 presents 
Reference Case developments at the country and global level as well as 
the extent to which the renewable energy share in the global energy mix 
can be raised if all identified REmap Options are implemented on top 
of the Reference Case. Chapter 3 outlines the RE+ Options and innova-
tion needs to go beyond a doubling of the renewable share. Chapter 4 
presents findings on the costs of the policies, externalities and the socio-
economic benefits for the REmap 2030. Chapter 5 focuses on specific ac-
tions that would be most productive in the sectors of electricity, industry, 
buildings and transport. It ends with a discussion of biomass, the largest 
source of renewable energy now as well as projected in the future. Finally, 
Chapter 6 discusses how REmap can be operationalised, what policies are 
needed and how international co-operation can benefit individual coun-
tries as well as help to achieve the aspirational global objective.

REmap 2030  2



2

This chapter presents a brief explanation of the general REmap approach 
and also provides details about the methodologies which are specific to 
different analyses covered in this report. An extended methodology can 
be found online.

2.1 REmap Options and REmap countries

REmap is an analytical approach based on an assessment of the gap be-
tween national renewable energy plans, additional renewable technology 
options in 2030 and the Sustainable Energy for All (SE4ALL) doubling 
objective. In addition, a large number of regional sector analyses were 
identified, evaluated and prioritised for region-specific and inter-regional 
actions within specific sectors. International Renewable Energy Agency 
(IRENA) worked with the World Bank, the International Energy Agency 
(IEA) and other parties to establish SE4ALL references for renewable 
energy. The Global Tracking Report was published in the second quarter 
of 2013 (World Bank, 2013a).

As a starting point, the analysis in 2013 focused on economic aspects and 
prerequisites for a renewable energy transition. To ensure a transparent, 
inclusive and open process, IRENA invited all of its Members to identify 
and nominate national REmap focal points and experts to support REmap 
2030. The experts provided their overall energy supply and demand 
projections up to 2030, including renewable energy policies and targets 
that were in place or under consideration. Furthermore, the experts 
provided insights and expertise on the technical, economic and political 
feasibility of different pathways for renewable energy deployment in the 
electricity and end-use sectors in this period, and how these different 
sectors and renewable energy technologies interact. These submissions 
are not the official views of participating governments, but are based on 
national data sources and perspectives contributed by credible research 
institutes.

Experts provided insights and expertise on the technical, economic 
and political feasibility of different pathways for renewable energy 
deployment in the electricity and end-use sectors.

REmap analysis covers 75% of projected global total final energy con-
sumption (TFEC) in 2030, with analysis of the following 26 countries: 
Australia, Brazil, Canada, China, Denmark, Ecuador, France, Germany, 
India, Indonesia, Italy, Japan, Malaysia, Mexico, Morocco, Nigeria, Rus-
sia, Saudi Arabia, South Africa, South Korea, Tonga, Turkey, Ukraine, the 
United Arab Emirates (UAE), the United Kingdom (UK) and the United 
States (see Figure 2.1).

Figure 2.2 shows the methodological steps of the REmap country analysis 
and how this roadmap was prepared. REmap 2030 is a bottom-up analy-
sis of the 26 countries which participated in this study. The methodology 
is unique, as country dialogue between IRENA and the national experts 
is key.

2 METHODOLOGY

Figure 2.1 The 26 REmap countries analysed
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REmap 2030 analysis starts with national-level data covering the analysis 
of both end-use and power and district heat sectors. The countries first 
provided their current national plans which start with year 2010, the base 
year of this analysis. These were collated to produce the business-as-
usual Reference Cases, including their targets for renewables. The Refer-
ence Cases represent policies in place or under consideration, including 
energy efficiency improvements. The Reference Case includes the TFEC 
of each end-use sector and the total generation of power and district heat 

sectors, with a breakdown by energy carrier for the period 2010–2030. 
This rich data availability allows 26 REmap countries to be grouped by 
sector and individual energy carrier. An overview of the sources for the 
Reference Cases is provided online.

Then, the additional technology options were investigated. These addi-
tional technologies are defined as REmap Options – essentially illustrating 
what a doubling of the share of renewables would look like. The choice 

Figure 2.2 Steps in country analysis and preparation of the REmap 2030 roadmap
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for the Options approach instead of a scenarios approach is deliberate: 
REmap 2030 is an exploratory study, not a target-setting exercise, and 
countries can make informed choices as to how to use the identified op-
tions. The aim is to be practical and to co-operate directly with countries 
in order to analyse and discuss their specific cases in detail. Such an 
approach also creates an opportunity to discuss implementation of the 
options identified with the countries, and to improve the existing analysis 
continuously over the years.

The analysis shows that the REmap Options are not a technical limit; more 
renewable energy is possible. In addition to REmap Options, there are 
also RE+ Options, which are based on IRENA studies, technology data-
bases and other literature. They investigate which flanking measures (in 
particular, efficiency and modal shifts) will take the share of renewable 
energy beyond a doubling. It is important for policy makers to pave the 
way for further progress and new technologies in the long term.

The country analyses were complemented by other IRENA analyses 
carried out at the sector level, in particular for the buildings and in-
dustry sectors where potential estimates were available for the same 
time frame (IRENA, 2014b,c). Potential estimated at the sector level by 
IRENA was an important part of the discussion on the REmap Options 
with the national experts. For each country, a detailed analysis was car-
ried out and then translated into a short report for discussion with the 
country (zero-order draft). Based on the country inputs, both the coun-
try analysis and the zero-order draft were revised, and the final country 
results were estimated. Summaries of the zero-order drafts, as country 
briefs, will be made available online in the first half of 2014. There are 
no limits to country inputs and to the number of rounds of review with 
a country; the analysis is living, and to the extent possible the aim is 
to incorporate the latest developments and policies. Once the final re-
sults are agreed with the countries, they are aggregated to prepare the 
REmap 2030 roadmap.

As Figure 2.2 shows, the REmap Options are the central part of the analy-
sis, as they define the potential for additional renewable energy tech-

nologies. They do not represent a theoretical or technical potential, but a 
“realistic” potential estimates of opportunities in each country, including:

 ● what can realistically be planned by 2030 in view of planning proce-
dures (e.g., years required to implement a project) and environmental 
considerations;

 ● resource availability;
 ● what can be funded with the available financial resources;
 ● what can be built starting with current skills;
 ● the capacity for renewables manufacturing capacity;
 ● what is politically possible;
 ● what is the age of existing capital stock, and how much of total capital 

it will account for in 2030.

In collecting data from 26 countries, IRENA had to harmonise the Refer-
ence Case projections to ensure consistency across countries (e.g., the 
system boundaries of end-use sectors, time horizon of national plans, 
etc.), since this study is the first attempt to collect such data. For REmap 
2030, IRENA’s experts therefore first cross-checked the zero-order drafts 
of country analyses to improve comparability, as different country plans 
are based on different assumptions and system boundaries.

Other inconsistencies were found when identifying the REmap Options. 
A few countries provided projections or data; for most of them, IRENA 
worked with the country experts to collect data. The variables required 
for this assessment included such country-specific parameters as the 
capital stock age profile, resource availability, and the local capital cost 
and availability of technologies. Finally, some energy price data were tak-
en from countries, while other price data came from third-party sources.

IRENA developed a REmap tool to include the data in an energy balance 
sheet, which contains a list of key technology options expected to be de-
ployed by 2030. A detailed list of these technologies and the related back-
ground data are provided online. The costing data from IRENA’s costing 
publications and IRENA/IEA-ETSAP technology briefs were used to popu-
late the tool for validation by the national experts, and update if necessary 
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(IRENA, 2013b-d). The tool includes the cost (capital, operation and mainte-
nance) and technical performance (reference capacity of installation, capac-
ity factor and conversion efficiency) of renewable and conventional (fossil 
fuel, nuclear and traditional use of biomass) technologies for each sector 
analysed: industry, buildings, transport, power and district heat. The tool 
also includes the international and national energy prices and discount rates.

The information collected was crucial to validate and improve estimates 
from the existing literature and also served as a useful resource for 
countries developing, reviewing or updating their own renewable energy 
plans. Separate guidelines on the methodology (IRENA, 2013e) and the 
costing calculations (IRENA, 2013f) were prepared along with a detailed 
manual for the tool (IRENA, 2013g).

Although the analysis is based on the 26 REmap countries, the results are 
presented and the conclusions are drawn for the world as a whole. The 
total of the Reference Case and the REmap Options for the 26 REmap 
countries is defined as REmap 2030; if results refer to the global situation, 
this is indicated.

The 26 REmap countries account for about three-quarters of TFEC 
worldwide today and a similar share of the estimated TFEC in 2030 (see 
Table 2.1). The 26 REmap countries make up 79% of global power con-
sumption but represent only 66% of total renewable energy use. The se-
lection of countries is found to be representative to project global devel-
opments in sufficient detail, although the analysis of developing countries 
and economies in transition should be extended. The low coverage of 
renewable energy use in these regions is explained mainly by traditional 
use of biomass use in Africa, which is underrepresented in the analysis.

To be able to draw conclusions for the global situation, the coverage val-
ues provided in Table 2.1 are used to scale the findings of the 26 countries. 
While this is workable for the total of all energy carriers, i.e., TFEC, for 
some specific fuels or energy sources, the results are scaled to the global 
level by adjusted coverage values. Solar, wind, geothermal and liquid bio-
fuels are all overrepresented in the 26 REmap countries, which includes 

most industrialised and large developing countries, where the technolo-
gies mainly have been deployed. They are therefore scaled up with values 
ranging between 80% and 90% from the 26 countries to the global level. 
For traditional use of biomass, a coverage value of 50% is applied.

REmap analysis covers 75% of projected global total final energy 
consumption in 2030.

Otherwise, the 26 countries represent the developments for future TFEC 
because of the mix of countries, geography and the large proportion of 
gross domestic product (GDP) and population.

Box 2.1 The REmap tool
IRENA has developed a spreadsheet tool that allows national experts 
to evaluate and create their country’s cost-supply curve. The tool 
provides a simplified but dynamic accounting framework to evaluate 
and verify the Reference Case developments and the REmap Op-
tions within the countries. It comes with its own manual.

The tool consists of two parts. In the first part, national experts can 
evaluate and adjust the country’s Reference Case for REmap Options 
between 2010 and 2030. In the second part, they can substitute 
conventional technologies assumed to be in place in 2020 and 2030 
with REmap Options based on the Reference Case. For ease of use, 
the experts have a range of technology options to choose from in 
the transport, building, industry, and power and district heat sectors.

The tool allows experts to choose REmap Options, assess their im-
pacts on the country’s renewable energy share and evaluate their po-
sition within the country’s cost-supply curve. At any time, the experts 
can increase or decrease the size of REmap Options and choose a 
different substitute. When a single button is clicked, the tool automati-
cally adjusts the cost-supply curve. Furthermore, the tool allows for a 
consistent analysis and comparison of results among countries.

Further details can be found in the REmap methodology document, 
available online.
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2.2  Cost supply curves and  
substitution costs

Each REmap Option is also characterised by its 
costs (see Figure 2.3). The cost of each REmap 
Option is represented by its substitution cost. 
Based on the substitution cost of each REmap 
Option, country cost curves were developed and 
then combined in global cost curves to provide 
two perspectives: government and business. In 
the government perspective, international costs 
exclude energy taxes and subsidies, and a stand-
ard 10% discount rate was used. This approach 
allows for a comparison across countries and for 
a country cost-benefit analysis; it shows the cost 
of the transition as governments would calculate 
it. For the business perspective, the process was 
repeated to include national prices (including, 
for example, energy taxes, subsidies and the cost 
of capital) in order to generate a localised cost 
curve including taxes, subsidies and the cost of 
capital for individual countries1. This approach 
shows the cost of the transition as businesses 
would calculate it. Assessment of all additional costs related to comple-
mentary infrastructure are excluded from this study (e.g., grid reinforce-
ments).

The cost curves presented in this roadmap start with the renewable en-
ergy share in TFEC in 2010 and subsequently incorporate the increase 
according to the Reference Case. The costs of the Reference Case are not 
indicated, as the technologies are assumed to be deployed anyway. Then, 
each REmap Option is added to the renewable energy share (x-axis) 
along with its associated substitution cost (y-axis). The substitution costs 

1 To the extent that data availability allows, 2030 electricity prices account for the developments in 
the power sector fuel and technology mix changes.

of REmap Options are plotted as cumulative frequency curves in de-
scending order of substitution costs, starting with the cheapest and end-
ing with the most expensive one. The shape of the cost curve related to 
REmap Options is determined by the distribution of the substitution costs 
and the potential (in %) of the renewable energy technology. Substitution 
costs are the difference between the annualised cost of the REmap Op-
tion and of a conventional technology used to produce the same amount 
of energy, divided by the total renewable energy use in final energy terms 
(in US Dollar (USD) per gigajoule (GJ) of final renewable energy). The 
substitution costs depend on the conventional technology substituted 
and the characteristics of the REmap Option. The cost can be positive or 
negative (saving), as some renewable energy technologies are already or 
will be cost effective compared to conventional technologies.

Figure 2.3 Characterisation of the REmap Options

Reference fossil fuel, nuclear, 
traditional biomass technologies

IRENA
costing studies

Fuel prices, taxes, subsidies,
capital cost

Learning curves/cost reduction
assessments

IRENA 
technology database

Sectoral/technology studies

Country national plans

External e�ects - 
human health and CO2

Substitution cost

Potentials

REmap
Options

Cost
curves
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The cost of identical technology options can vary from country to country 
as well, depending on resource quality, cost of capital and other factors. 
The REmap tool includes a standard set of about 75 renewable energy 
technologies which is also used for the analysis. The technology details 
can be found online. In addition, country experts may add at any point 
their own technologies that they deem important for the country analysis.

All costs are measured in real 2010 USD unless otherwise stated. Local-
ised cost data provides an estimate of the costs of renewables from the 
business perspective, including the cost of capital, carbon prices and/or 
fossil fuel subsidies. The government perspective provides a means to 
compare the REmap Options among different countries. The analysis 
uses an identical set of technical performance data for the technologies 
for both the business and government perspectives. For any country, the 
major difference between the analysis of its substitution costs based on 
the business and government perspectives originates from national and 

international energy prices. An overview of the detailed energy price data 
and discount rates used for this analysis is provided online.

Substitution costs are the key indicators for assessing the economic vi-
ability of REmap Options and therefore are also aggregated to estimate 
the average substitution costs of individual technologies, countries and 
sectors. However, substitution costs are not a limiting factor in this analy-
sis for the implementation of REmap Options.

Incorporating the effect of externalities related to climate change miti-
gation and improved health effects, both originating from the reduced 
consumption of traditional use of biomass and fossil fuels, would reduce 
substitution costs. The effects of monetising these externalities on substi-
tution costs are estimated in a separate analysis. In addition to substitu-
tion costs, the finance needs related to the implementation of all REmap 
Options are estimated, namely total subsidy needs and total incremental 
system costs and investment needs (see Chapter 2.4).

2.3 Definition of renewable energy share indicators

Throughout this study, renewable energy share is estimated related to 
TFEC. TFEC includes the total combustible and non-combustible energy 
use from all energy carriers as fuel (for the transport sector) and to 
generate heat (for the industry and building sectors) as well as electric-
ity and district heat. It excludes non-energy use, or the use of energy 
carriers as feedstocks to produce chemicals and polymers. This report 
uses this indicator to measure the renewable energy share, consistent 
with the Global Tracking Framework report (World Bank, 2013a). Using 
a different metric, such as primary energy, may yield different results. 
The effect of changing the accounting approach on the results has been 
analysed separately.

Renewable energy share in TFEC is estimated as the sum of all renewable 
energy use from all renewable sources and the share of district heat and 

Table 2.1 REmap coverage of global economic activity and energy use

Coverage of  
26 REmap countries 2010 2030 References

TFEC 75% 75%
IEA (2012b) and IRENA 
 estimate based on IEA 
(2012b) 

Renewable energy use 66% –

Electricity consumption 79% 79%

Population 65% 62% World Bank (2013)

GDP based on PPP 1 76% 64% PwC (2013)

CO2 emissions 73% 72% IRENA estimate

1  According to the World Bank (2013c), GDP based on purchasing power parity (PPP) is “…gross 
domestic product converted to international dollars using purchasing power parity rates. An 
international dollar has the same purchasing power over GDP as the U.S. dollar has in the United 
States. GDP at purchasers’ prices is the sum of gross value added by all resident producers in 
the economy plus any product taxes and minus any subsidies not included in the value of the 
products. It is calculated without making deductions for depreciation of fabricated assets or for 
depletion and degradation of natural resources.”
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electricity consumption originating from renewable energy divided by 
TFEC. It can be estimated for the total of all end-use sectors of a country 
or for each sector separately.

There are different ways to estimate the renewable energy share for end-
use sectors (industry, buildings and transport) and energy transformation 
sectors (electricity and district heat). In this study, three indicators are 
developed to measure the renewable energy share in TFEC (all expressed 
in %). For the three end-use sectors, the following indicators were esti-
mated:

1. Total renewable energy use, including renewable electricity and dis-
trict heat use: The total renewable energy use by all energy carriers) 
and the share of electricity and district heat consumption originating 
from renewable energy (see how the renewable energy share for en-
ergy transformation sectors is estimated below) are added up to esti-
mate each sector’s total renewable energy use, then divided by TFEC. 
All results presented in Chapter 5 refer to this indicator.

2. Total renewable energy use, excluding renewable electricity and dis-
trict heat use: The total renewable energy use by all energy carriers is 
added up to estimate each sector’s total renewable energy use, then 
divided by the sector’s TFEC. The denominator is the same as the first 
indicator.

3. Total renewable energy use, excluding all heat and electricity use: 
The total renewable energy use by all energy carriers is added up to 
estimate each sector’s total renewable energy use, then divided by the 
sector’s TFEC, excluding total district heat and electricity consump-
tion. The denominator is lower than the denominator of the first and 
second indicators.

For the energy transformation sectors, a single indicator was used to 
estimate the renewable energy share based on generation from renew-
able energy sources only. For these sectors, total electricity and district 
heat generation from renewable energy sources are divided by the total 
electricity and district heat generation, respectively, in order to estimate 
their total renewable energy share.

2.4 Policy costs and benefits

2.4.1 Calculation of the policy cost
Three indicators are developed to estimate the financial implications 
of the implementation of REmap Options. These three indicators are: 
1) net incremental system costs, 2) net incremental investment needs and 
3) subsidy needs. The methodologies to estimate each of these indicators 
are described below:

1. Net incremental system costs. This indicator is the sum of the differ-
ences between the total capital and operating expenditures of all 
energy technologies based on their deployment in REmap 2030 and 
the Reference Case in the period 2010-2030 for each year. This indica-
tor is calculated in two steps. In a first step, the substitution costs (in 
USD/GJ) of each REmap Option in 2030 is back calculated for each 
year in the period 2010-2030. The substitution cost in each year is then 
multiplied with the annual deployment of REmap Option for that year 
(total additional potential in 2030 is distributed over the 2010-2030 
period). In a second step, all years are summed to arrive at a total in-
cremental cost for the period 2010-2030 and from this total an annual 
average for the period is calculated. This takes into account the so-
called “learning effects”, which are the cost reductions of  renewable 
energy technologies as the total installed capacity increases over 
time2.

2. Net incremental investment needs. The total investment costs of tech-
nologies in REmap 2030 are higher than in the Reference Case due 
to the increased share of renewables which, on average, have higher 
investment costs than the conventional equivalents3.

2 The resulting average incremental system cost for the period 2010-2030 (in bln USD/year) is higher 
compared to the calculations provided in other sections of this report which only refer to a snapshot 
of the incremental cost in 2030 after the cost reductions from learning effects. The calculation for 
2030 alone provides a perspective only for the year 2030 with the results of learning investments 
occurring over time. The average incremental system cost for the period 2010-2030 provide a better 
metric taking into account total system cost over the entire REmap period.

3 This is on average; many renewable energy technologies in specific markets now have, or will have 
by 2030 with increased deployment, lower investment costs than the conventional options, particu-
larly in the OECD region.
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The capital investment cost (in USD per kilowatt (kW) of installed ca-
pacity) in each year is multiplied with the deployment in that year to 
arrive at total annual investment costs. The capital investment costs of 
each year are then summed over the period 2010-2030. Net incremen-
tal investment needs are the sum of the differences between the total 
investment costs for all technologies, renewable and conventional, in 
power generation and stationary applications in REmap 2030 and the 
Reference Case in the period 2010-2030 for each year. This total was 
then turned into an annual average for the period.

Incremental investment needs are important as they indicate the ad-
ditional financing that is needed for the energy sector. They do not, 
however, indicate what the cheapest case is – this is estimated with the 
net incremental system costs.

3. Subsidy needs4. Total subsidy requirements for renewables in all sec-
tors are estimated as the difference in the delivered energy service 
cost (e.g., in USD per kilowatt-hour (kWh) or USD/GJ based on a gov-
ernment perspective) for the renewable option against the dominant 
incumbent one (i.e., for the option of solar hot water heating in the UK, 
the comparison is against gas-fired hot water heating, and for power 
generation it may be any fossil fuel-fired electricity generation) in a 
given year.

This difference is multiplied by the deployment for that option in that 
year to arrive at a subsidy total for that technology. The differences for 
all REmap Options are summed to provide an annual subsidy require-
ment for renewables. The subsidy calculations are for 2010-2030 and 
are spread over the economic life of the investment, which tends to 
be longer than real-life subsidy programmes. It is important to note 

4 A subsidy can differ greatly depending on how it is calculated and what is considered a form of 
financial or in kind support. The International Monetary Fund (IMF) considers two kinds of subsidy 
(IMF, 2013): (i) pre-tax, when energy consumers pay prices that are below the cost incurred to 
supply them with the energy, and (ii) post-tax, which include both the pre-tax total and a tax 
subsidy, e.g. external costs that results from the supply of the energy, but not paid by the energy 
provider.

that where the renewable option has a lower delivered energy service 
cost than the incumbent option, which begins to occur increasingly 
by 2030, the “negative subsidy” is not subtracted from the total. The 
subsidy totals in this report are only for the deployment of renewables 
between 2010 and 2030.

2.4.2 Externalities

External effects related to greenhouse gas emission reductions as well 
as improvements in outdoor and indoor air pollution from the decreased 
use of fossil fuels are estimated. The analysis of greenhouse gas emissions 
considers both carbon dioxide (CO2) and methane (CH4). To evaluate 
external costs, a carbon price range of USD 20-80 per tonne of CO2 is 
assumed (applied only to CO2 emissions) (IPCC, 2007a).

The external costs related to outdoor and indoor air pollution are evalu-
ated from the following sources: 1) outdoor emission of sulphur dioxide 
(SO2), mono-nitrogen oxides (NOx) and particulate matter of less than 
2.5 micrometres (PM2.5) from fossil fuel-based power plant operation, 2) 
outdoor emissions of NOx, and PM2.5 from road vehicles and 3) indoor 
emissions of particulates from biomass and coal combustion in the resi-
dential sector.

To evaluate the external costs related to outdoor emission of SO2, NOx and 
PM2.5 from fossil power plant operation, the following parameters for re-
spective pollutants were used: (a) emission factor (i.e., tonne per kWh for 
2010 and 2030 taken from the IIASA GAINS database (ECRIPSE scenario 
(IIASA, 2014), and (b) unit external costs (i.e., Euro per tonne average for 
the European Union (EU), taken from the EU CAFE project (AEA, 2005). 
The parameter (a) is available for individual countries concerned. It cor-
responds only to emissions from the operation phase of the power plants 
and does not include the emissions during the whole life cycle (e.g., con-
struction, transportation, dismantling)5. The parameter (b) is adjusted by 

5 The omission of other phases of the life cycle results in significant underestimation of the extent of 
external costs.
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the ratio of GDP per capita relative to the average GDP per capita for the 
EU, following the methodology proposed by Markandya (1998). The fixed 
ratio for 2010 was used for 2030.

The parameters (a) and (b) were applied to the power generation for 
2010 and 2030 for the respective countries derived from the REmap 
2030 country analyses. Unit external cost covers human health impacts 
(mortality and morbidity) as well as crop damages. Damages to materi-
als, ecosystems, cultural heritage, etc. were not included in the unit ex-
ternal cost calculation. Impacts related to CO2 emissions are dealt with 
in a separate analysis. The unit costs have ranges, corresponding to the 
variation in the method used to value mortality (use of the value of a 
life year versus value of statistical life; median versus mean estimates).

To evaluate the external costs related to human health impacts from out-
door emission of NOx and PM2.5, the same methodology as for the fossil 
power plant operation case was used. The emission factors correspond 
to those from light-duty vehicles only, and gasoline and diesel vehicles 
are distinguished. The unit external cost values are the same as for the 
emissions from power plant operation. Such external effects as accident 
and noise are not considered.

For the evaluation of health-related externalities related to indoor air 
pollution caused by biomass and coal combustion in the residential 
sector, the total number of deaths due to indoor air pollution from 
the World Health Organization (WHO) (2014), available for respective 
countries, was used to compute death according to the residential 
consumption of biomass (cases/exajoules (EJ)). In the case of China 
only, coal consumption in the residential sector was added to biomass 
consumption. The number of expected deaths in 2030 was computed 
using biomass and coal consumption in the residential sector in 2030, 
derived from REmap 2030 country analyses. The value of prevented 
fatalities, taken from the above-mentioned CAFE study, was applied to 
the total expected death figure to estimate the external costs related to 
this category. The value used for the prevented fatalities is in the range 
of Euros 1-2 million per case. The value was adjusted for the respective 

countries according to their ratio of GDP per capita relative to the EU 
average.

2.4.3 Socio-economic benefits

The analysis of the socio-economic effects of REmap 2030 focuses on 
the employment effects. The method used for the employment analysis 
is the employment factor approach – similar to the one used for the 2012 
version of Greenpeace’s Energy [R]evolution report (Rutovitz and Harris, 
2012). Estimations are limited to the jobs originating from energy supply; 
demand-related jobs are excluded (activities in energy efficiency, etc.). 
For example, changes in total jobs due to the substitution of gas boilers 
with biomass furnaces in buildings or the replacement of conventional 
vehicles by electric vehicles are excluded from the analysis.
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Key points
 ● Policies in place and under consideration will take the global renewable 

energy share to 21% of total final energy consumption (TFEC) by 2030.

 ● If all REmap Options are implemented, the share of modern renewa-
bles in the global energy mix triples to 27%. Access to modern energy 
based on renewable technology solutions and further improvements 
in energy efficiency can increase the renewable energy share to as 
much as 36%.

 ● Global traditional use biomass is projected to decline from 9% in 2010 to 
7% in 2030 according to the Reference Case, and down to 3% in REmap 
2030. Modern biomass use for cooking increases by 300% in the same 
time period.

 ● In the Reference Case, the largest growth of renewable energy use in ab-
solute terms in the 26 REmap countries is projected in the transport and 
power sectors, with an increase of approximately 150% between 2010 
and 2030. The renewable energy uptake varies greatly between coun-
tries, depending mainly on resource endowment and policy frameworks.

 ● Total final renewable energy use in the Reference Case is around 
93 exajoules (EJ) per year worldwide. The REmap Options increase total 
use to 132 EJ, quadrupling modern renewable energy use compared to 
2010 levels of around 30 EJ. Biomass is critical, as it accounts for 61% of 
total renewable energy use in REmap 2030.

 ● The average substitution cost of doubling the global renewable energy 
share in REmap 2030 is US Dollars (USD) 2.5 per gigajoule (GJ), with-
out consideration of national taxation or subsidies and externalities 
(government perspective). Including existing taxes and subsidies and 
country-specific discount rates, the average cost changes into a sav-
ings of USD 0.7 per GJ (business perspective).

 ● The REmap Options are a package. All Options are needed to meet 
the doubling objective. Deployment of options should be based on 
a holistic energy system view and factor in assessments of resource 
availability and supply, energy diversification, security of supply and 
system operation.

 ● Non-electric energy use in the end-use sectors (buildings, industry and 
transport) accounts for 69% of all REmap Options and 60% of global 
renewable energy use in REmap 2030. More attention is needed for 
renewable energy deployment in these three sectors.

 ● The potential and costs of the REmap Options vary by country. 
Denmark and Brazil can reach renewable energy shares of over 
50%, and France and Germany can reach renewable energy shares 
of at least a 40%, in REmap 2030. The substitution cost by country 
ranges from USD -12 to USD 14 per GJ from a government perspec-
tive.

 ● Six countries – Brazil, Canada, China, India, Indonesia and the United 
States – account for half of the global renewable energy use in REmap 
2030.

 ● A higher share of renewable energy is possible but requires greater 
efforts through modal shifts and early retirement and more innovation 
in breakthrough technologies. Going from research and development 
(R&D) to significant deployment can take some decades, so action 
must be taken now.

 ● There is a need for a comprehensive innovation approach including 
aspects such as intellectual property rights, research, development 
and deployment (RD&D), technology transfer, standards and quality 
assurance and project development and finance. A technology life-
cycle approach is needed for successful innovation.

3 DOUBLING THE SHARE OF RENEWABLES BY 2030
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This chapter is divided into four sub-chapters. Chapter 3.1 describes 
the pathway for doubling the global renewable energy share based on 
REmap 2030 findings. Chapter 3.2 presents the Reference Case findings 
in detail. Chapter 3.3 describes the REmap Options by sector, source and 
substitution costs; it also elaborates on the challenges in doubling the 
global renewable energy share by 2030. Chapter 3.4 describes the RE+ 
Options and the innovation needs to go beyond a doubling of the global 
renewable energy share. More country-specific results can be found on-
line in the 26 REmap country briefs.

3.1  Pathways for doubling  
the global renewable  
energy share

Figure 3.1 illustrates the pathways for 
doubling the global share of renewa-
ble energy and presents results for the 
 REmap Options, the Sustainable Ener-
gy for All (SE4ALL) objective and RE+ 
Options. At present, renewables make 
up 18% of global TFEC, of which half 
of this share (9% of TFEC) is contrib-
uted by modern renewables. A large 
share of modern renewable energy com-
prises modern forms of bioenergy and 
hydropower. Other modern renewable 
energy sources are wind, solar, geother-
mal, waste and marine, which together 
contribute to less than 1% of TFEC. The 
second 9% of TFEC which is provided by 
current renewables comprises traditional 
use of biomass, whose global use is hard 
to quantify. In developing countries, tra-
ditional use of biomass is still widely 

harvested and used in unsustainable, unsafe ways. It is mostly traded 
informally and non-commercially.

Figure 3.1 shows the status quo in 2010 (far left, grey bars), where the 
light grey-shaded area of the bars represents the share of traditional 
use of biomass. Under the Reference Case (light green bar), renewable 
energy use grows slowly, increasing its share from 18% of TFEC in 2010 
to only 21% in 2030. However, International Renewable Energy Agency’s 
(IRENA) analysis found that markets are already growing faster than gov-

Figure 3.1 The stepping stones towards a doubling of renewable energy
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The world can double its share of renewable energy in total final energy consumption by 2030.
Note:  The lightly shaded areas indicate traditional use of biomass. The Reference Case represents the renewable energy share by 2030 based 

on the policies in place in the 26 REmap countries. The REmap Options show the additional growth by 2030 based almost entirely on 
modern renewables, with traditional use of biomass being reduced to less than 2% of TFEC. The blue bars represent the SE4ALL objec-
tives of modern energy access and energy efficiency, which bring the share of renewables to around 34% by 2030. The purple bars, RE+ 
Options, represent other fields of action that can be pursued to take the share of renewables even further.
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ernments anticipate and that more can be achieved at a lower cost than 
governments have estimated.

9% of total final energy consumption in 2010 was traditional 
use of biomass, and 9% was modern renewables. Only 3.6% was 
renewable electricity, dominated by hydropower.

With policy action to ensure the uptake of the REmap Options (dark 
green bar), the renewable energy share could increase much further – to 
around 27% of TFEC in the 26 REmap countries. The REmap Options also 
entail a shift from traditional use of biomass to more sustainable modern 
biomass, almost tripling the share of modern renewable energy from 9% 
in 2010 to nearly 27% in REmap 2030. This tripling comes at a cost of 
USD 2.5 per GJ in 2030. Moreover, this transition saves money once the 
external costs of fossil fuels, which are not priced today, are taken into 
account.

The REmap Options do not assume that all traditional use of biomass is 
phased out. Achieving the SE4ALL objective of modern energy access 
(first blue bar in Figure 3.1) will require additional policy efforts. At pre-
sent, more than a third of the world’s population still relies on wood and 
animal waste as a source of energy, especially for cooking. The resulting 
indoor air pollution (smoke) poses considerable health risks. A shift to 
clean cook stoves fired with modern biomass would provide a better 
cooking service, reduce energy consumption and drastically reduce 
negative health impacts. Likewise, a billion people may still lack access to 
electricity in 2030; closing that gap, partly in the form of small, distrib-
uted generators of renewable power (such as mini-grids and solar home 
systems), would push the share of renewables in TFEC to 30%1.

The second blue bar is the impact of SE4ALL’s energy efficiency objective 
on the renewable energy share in 2030. This is additional energy efficien-

1 Substituting modern biomass for traditional biomass reduces biomass consumption by around 
a factor of two for the same energy service, thereby reducing the share of renewables in energy 
consumption, while also increasing its share of energy services provided.

cy improvements beyond what has been achieved in the Reference Case, 
which incorporates the energy efficiency of the 26 REmap countries. With 
greater energy efficiency, the same amount of renewable energy covers 
a larger share of demand and would raise the share of renewables. Ef-
ficiency gains and the first bar of RE+ Options could bring the share of 
renewables up to 36%.

Figure 3.2 shows the contribution of each technology development. 
Reference Case, representing the growth in renewable energy based on 

Figure 3.2 Contribution to doubling the global renewable energy 
share in TFEC: from 2010 to REmap 2030
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Important synergies exist between energy access, efficiency and 
turning to renewables.
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current policies between today and 2030, contributes only 20% towards 
the global doubling (from 9% to 14% modern renewable energy in TFEC, 
a 5 percentage point increase). With policy action, more renewable en-
ergy technologies can be deployed beyond Reference Case, represented 
by the REmap Options. The REmap Options can get us another 52% of 
the way towards a doubling of the renewable energy share (from 14% to 
27% share in TFEC, a 13 percentage point increase). More than half of the 
 REmap Options are located in the end-use sectors, and the remainder 

Box 3.1 Renewables and energy access
Nearly 1.3 billion people remain without access to electricity, and 2.6 billion 
do not have access to clean cooking facilities. In the Reference Case, 1 billion 
people will still be without electricity access and 2.6 billion without clean 
cooking facilities in 2030. Seven out of ten people without electricity access 
will live in Africa. One-third of the people using traditional use of biomass 
will live in Africa and India.

Half of renewable energy use in 2010 was traditional use of biomass, rep-
resenting nearly 9% of TFEC worldwide. Renewable energy can help to 
improve the access situation. Renewable resources have characteristics that 
make them the best solution for access to electricity in rural areas. Solar 
photovoltaics (PV), wind, small hydropower and biomass power are the 
main solutions for off-grid and mini-grid electricity access.

Renewable solutions tend to be significantly cheaper than diesel- or kero-
sene-based energy supply systems. They are also cheaper than grid exten-
sion in situations with low population density and low per capita demand.

The cost for solar lighting systems have come down dramatically, and uptake 
of privately owned systems and solar lantern electricity supply is rising rap-
idly. In Bangladesh, for example, more than 60 000 systems are sold every 
month, and 2.4 million systems have been installed. In recent decades, China 
has successfully provided electricity access to more than 50 000 villages 
through small hydropower mini-grids.

Solar- and wind-based hybrid mini-grids are making inroads on islands 
and in rural areas of Africa and Asia, and diesel-based supply systems are 
increasingly being retrofitted with renewables. Thousands of systems have 

been installed to date. A recent trend is the rapid decline in battery cost, 
which allows for solar PV to capture a greater share of daily demand.

IRENA analysis for the Pacific has shown that retrofit of diesel mini-grids 
with renewables is technically and economically feasible in all cases. IRENA 
analysis suggests that full access would raise global electricity demand 
by only 1%. More than half of this demand would be met with renewables 
through decentralised solutions.

Full access through a switch from traditional to modern cook stoves could 
halve traditional use of biomass and change it into modern biomass use. 
Uptake rates for modern cook stoves are still below 10% in Africa. Full ac-
cess to modern cook stoves could save 1 million lives a year due to reduced 
indoor air pollution. It will also save the equivalent of 3% of today’s energy 
use. This biomass can be used elsewhere.

The majority of charcoal is still produced in an unsustainable way. Technical 
solutions such as efficient charcoal making and briquettes exist but are not 
practiced widely. Sustainability standards and their enforcement are critical, 
as well as development of economically viable and reliable alternative solu-
tions for urban areas.

Liquefied petroleum gas (LPG) cooking fuel is an oil refinery and gas pro-
cessing by-product, and its supply prospects are uncertain in the long term. 
Instead, modern renewable energy can replace traditional use of biomass 
for cooking. Worldwide, there are about 50 million biogas installations for 
cooking, notably in China and India. Bioethanol is also gaining ground as a 
cooking fuel. Electric cooking is expanding worldwide and opens up the op-
tion of increased use of renewable electricity.

in the power sector. A combination of Reference Case and the REmap 
Options would result in around 70% of the action needed to achieve the 
doubling.

To achieve the doubling, deployment of renewable energy technologies 
need to be complemented by modern energy access and improving ener-
gy efficiency. Modern energy access represents 12% of the increase (from 
27% to 30% of TFEC, a 3 percentage point increase) and energy  efficiency 
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16% (from 30% to 34%, a 4 percentage point increase). Together these 
two can contribute 28% to the doubling of the global renewable energy 
share and ensure that the objective is met.

Therefore reaching a doubling of the renewable energy share in the global 
energy mix requires a combined approach. Action will be required to en-
sure the development of different technologies, not only renewables, but 
technologies also related to modern energy access and energy efficiency.

RE+ Options (the three purple bars, see Figure 3.1) represents technolo-
gies and steps that can take the share of renewables even further; the 
REmap Options, in combination with SE4ALL’s other two aspirational 
objectives, are not the limit to renewables development. RE+ Options 
include modal shifts in transport, electrification, industry relocation and 
technologies not yet ready for the market today (“breakthrough”), but 
also other actions that are hard to monetise.

A “modal shift” means a switching of energy consumption methods, 
such as when people switch from cars to, say, busses, trains and (electric) 
bicycles. “Electrification” generally covers the modal transition towards 
the use of electricity-based technologies in all sectors, with prominent 
examples including electric stoves and heat generation from electricity 
using heat pumps. Note that these actions often take place because of 
convenience and are irrespective of cost: for example, North Americans 
are already talking about how electric vehicles (EVs) will help solve local 
pollution problems; China is by far the world’s largest market for electric 
bicycles; and Europe continues to expand its already well-developed 
public transport networks.

Finally, “industry relocation” means that new industrial facilities will be 
built where renewable energy is abundant and inexpensive, just as old 
industry was placed where conventional energy was readily available. As 
industry increasingly follows sources of renewable energy, renewables 
can be integrated more easily into the overall energy supply. Until now, 
industry has relocated mainly to countries with considerable inexpensive 
hydropower, with a prominent recent example being new aluminium pro-

duction facilities in Iceland. But increasingly, firms may relocate to follow 
inexpensive wind and solar power.

The second purple RE+ Options bar indicates the potential impact of 
“early retirement” on the renewable energy share. Renewables growth 
is normally limited by energy demand growth and capital stock replace-
ment rates. Early retirement of conventional energy equipment in indus-
try, buildings and the power sector could open up additional opportuni-
ties for renewables growth. This process is already materialising in some 
European countries (e.g., Germany, Spain and Italy), where the recent 
rapid growth of wind and solar PV power is resulting in a certain level of 
over-capacity, which reduces the annual operating time of gas and coal 
plants.

New industrial facilities will be built where renewable energy is 
abundant and inexpensive, just as old industry was placed where 
conventional energy was readily available.

Lower operating time or early closure affects the companies that operate 
the existing plants and comes at an additional cost. Conventional facili-
ties are generally designed for a service life of 40 years or longer, and 
they become increasingly profitable the longer they stay in operation 
without having to be modernised. The challenge for policy makers is to 
encourage the early retirement of conventional facilities that inhibit the 
further growth of renewables, since once a conventional plant has repaid 
its financing, it could remain profitable even though it is inefficient and 
polluting.

Finally, the third purple RE+ Options bar represents the impact of a wide 
range of fledgling, promising technologies that may not be competitive 
on a grand scale by 2030. In ocean power, for example, technology op-
tions which are currently being pursued include wave energy collectors 
and underwater turbines. Here, it is important for policy makers to re-
member that although 2030 is the time frame for this discussion, it does 
not mark an endpoint for renewables. If we are to continue the transi-
tion to renewable energy after 2030, we need to not only ramp up wind 
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power, solar, biomass and geothermal today, but also pave the way for 
additional options to become competitive further into the future.

3.2 Reference Case

This chapter presents detailed results of the Reference Case, a picture of 
our energy use in 2030 if current and planned government policies and 
targets are achieved.

3.2.1 TFEC growth between 2010 and 2030 

The Reference Case represents business as usual in the 26 REmap coun-
tries – i.e., where these countries aim to be by 2030 under current and 
planned government policies.

Worldwide, the TFEC of the three end-use sectors (industry, transport 
and buildings) increased by 41% from 232 EJ in 1990 to 335 EJ in 2010 
(including electricity) (IEA, 2012b). TFEC growth is projected to con-
tinue between 2010 and 2030 according to the Reference Case and 
would reach a total of 471 EJ (equivalent to an increase of 41% in the 
same period). This is a doubling of global TFEC between 1990 and 2030.

Developing countries and economies in transition will account for 
at least 60% of projected world’s total final energy consumption 
in 2030.

In the Reference Case, the developing countries and economies in tran-
sition will account for 60% of the TFEC of the 26 REmap countries by 
2030, compared to 50% in 2010. This share of TFEC could be higher for 
developing countries and transition economies if global TFEC (rather 
than the TFEC of the 26 REmap countries) is assessed, since the growth 
in these countries is high and they are underrepresented in the REmap 
analysis.

Only minor changes are projected in the global TFEC breakdown by sec-
tor between 1990 and 2030. Industry’s share increases from 36% in 1990 

to 39% in 2010 and 42% in 2030 in REmap 2030, almost entirely at the 
expense of the building sector, which sees its share decrease from 36% 
to 30% in the same period. The share of the transport sector practically 
remains identical at about 28%.

The end-use sectors used more electricity in 2010 (18% of TFEC) than in 
1990 (14% of TFEC), and this share is projected to rise to 23% in 2030. 
The share of electricity use in the building and industry sectors increased 
between 1990 and 2010 and is projected to continue increasing up to 
2030 in the Reference Case.

3.2.2 Developments in renewable energy use

Figure 3.3 shows the modern renewable energy shares of the end-use 
sectors in 2010, which are between 3% for the transport sector and 12% 
for the building sector, excluding the consumption of renewable power 
and district heat. Industrial process heat generation is mainly from fossil 
fuel-fired boilers and combined heat and power (CHP) plants. Gasoline 
and diesel using road vehicles, ships and airplanes dominate the transport 
sector, and a mix of fossil fuels and traditional use of biomass is used for 
cooking and space heating in buildings.

In addition to modern renewable energy use in buildings, there is also the 
traditional use of biomass in developing countries. The contribution of 
this to the sector’s renewable energy use is shown by the light shaded bar 
on top of the modern renewable energy share bar. When this is accounted 
for, the building sector’s renewable energy share in 2010 increases to 
nearly 47%.

In contrast to end-use sectors, the power sector today has a much higher 
renewable energy share of 18%. When this is accounted for, the renew-
able energy shares in the industry and building sectors increase by about 
2-3 percentage points given that electricity use is an important share 
of the sectors’ TFEC in applications such as industrial motor systems or 
appliance use in households and offices. The effect of accounting for 
electricity use in the transport sector is negligible as the electric vehicle 
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The Reference Case increases the renewable 
energy share only minimally in TFEC and in each 
of the end-use sectors in the period 2010-2030 
(for the sector TFEC values, including electricity 
and district heat). The share of modern renew-
able energy increases only 5 percentage points, 
from 9% to 14%. The renewable energy share 
in the transport sector rises by 3 percentage 
points; and for buildings, 6 percentage points. 
These developments are insufficient to double 
the global renewable energy share. The only ex-
ception is the transport sector, whose renewable 
energy share doubles from 3% in 2010 to 6% in 
2030 (including electricity use).

In the building sectors of the selected develop-
ing countries, biomass is still used traditionally 
for cooking and heating and makes up 6% of 
TFEC today (see Figure 3.4). In the Reference 

Figure 3.4 Traditional use of biomass in the 26 REmap countries and the world,  
2010-2030
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Current policies envisage limited substitution of traditional use of biomass.

passenger car stock is small, and the contribution of 
electrified public transport and rail systems in the sec-
tor’s overall TFEC is low.

When all end-use sectors are aggregated, the renewable 
energy share in the global energy mix is estimated at 
18% in 2010. Scaling the national plans of the 26 REmap 
countries to the global situation raises the global renew-
able energy share in TFEC from 18% in 2010 to only 21% 
in 2030 (including traditional use of biomass). The pro-
jected renewable energy uptake varies widely between 
countries. While Brazil and Germany are projected to 
reach 50%, United Arab Emirates (UAE) and Saudi Ara-
bia are projected to reach less than 5%. Resource endow-
ment and policy frameworks make the difference.

Figure 3.3 Renewable energy shares of the analysed sectors, 2010
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Case, some of this biomass is already 
projected to be substituted, reducing 
the traditional use of biomass share 
to 4% by 2030. The developments 
are limited to countries with modern 
cook stove or rural electrification pro-
grammes which target traditional use of 
biomass substitution.

Table 3.1 shows the growth of renew-
ables in the Reference Case of the 
26 REmap countries for heating, cool-
ing, transport and power applications. 
Total renewable energy use increases by 
50% from 40 EJ to 59 EJ. Thermal ap-
plications account for about two-thirds 
of the total by 2030, and power genera-
tion makes up the remaining one-third. 
Biomass dominates thermal applica-
tions.

The capacity growth of modern renew-
able heating/cooling technologies in 
the building and industry sectors (10% 
increase) in the Reference Case is lower 
than the growth of renewable energy 
technologies in the power sector (145%) 
between 2010 and 2030. Total biomass 
use in stand-alone boilers and CHP in 
the industry, building and district heat 
sectors is projected to grow from 12 EJ 
in the REmap countries in 2010 to a total 
of 16 EJ by 2030 (excluding traditional 
use of biomass of 13 EJ in buildings). To-
tal consumption of modern biomass will 
be more or less equally shared between 

Table 3.1 Renewable energy use projections in the Reference Case of the  
26 REmap countries, by technology, 2010-2030

2010  
(EJ/yr)

2030  
(EJ/yr) Increase

RE
m

ap
 2

6

Renewable Heat 29 32 10%
Biomass heat industry (modern biomass) 5.7 9.3 65%
Biomass heat buildings (modern biomass) 5.6 5.2 -5%
Traditional biomass (buildings) 16 13 -20%
Biogas industry/buildings 0.3 1.2 300%
Solar thermal heat 1 3 200%
Geothermal industry 0.01 0.02 100%
Geothermal buildings 0.15 0.48 220%
Liquid Biofuels 2 5 150%
Renewable Electricity 9 22 145%
Hydroelectricity 7 12 70%
Wind 1 5 500%
Solar PV 0.1 1.4 1 300%
Biomass power 0.6 2.6 300%
Geothermal power 0.1 0.4 300%
Concentrated solar power (CSP) 0.01 0.3 3 000%
Biogas power 0.1 0.2 100%
Total 40 59 50%
Total – Global 63 93 50%
Renewable Energy (RE) Shares
RE share in TFEC  
(incl. traditional biomass) 18% 21% 7%

Traditional biomass share 6% 4% -33%
RE share in TFEC  
(excl. traditional biomass) 9% 14% 45%

RE share in heat (industry and buildings) 10% 12% 20%
RE share in transport 3% 5% 70%
RE share in power 18% 27% 90%

Under current policies, total renewable energy use in the 26 REmap countries increases by 50% by 
2030, with the largest growth in the transport and power sectors.
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projected to dominate total power generation in the 26 REmap countries 
(>80%). Between the beginning of 2010 and end of 2013, global wind ca-
pacity doubled. A fivefold increase was achieved between end of 2005 and 
mid-2013, less than eight years. Another fivefold increase in wind power 
generation capacity is environed between 2010 and REmap 2030, though 
this increase starts from a much higher installed capacity in 2010 than in 
2005. Nonetheless, this increase could be modest given recent trends.

3.3 REmap Options

This Chapter presents detailed results of the REmap Options, such as 
country results and sensitivity analysis.

3.3.1 Overall results, and details by sector and source

If all REmap Options are implemented, the global modern renewable 
energy share would triple from 9% in 2010 to 27% in 2030 worldwide 
(excluding traditional use of biomass) (see Table 3.2). The renewable 
energy share increases at a similar magnitude in buildings and even more 
(by a factor of five at least) in the transport sector. The renewable energy 
share reaches 38% in buildings compared to 14% in 2010, and 17% in the 
transport sector compared to 3% in 2010. The increase is lower in the in-
dustry and power sectors. Compared to the 2010 situation, the ranking of 
the renewable energy share by sector does not change, but the transport 
sector comes closer to the level of the industry sector in REmap 2030.

Bioenergy accounts for nearly 90% of total renewable energy 
use for heat generation in 2030, and hydropower for 55% of 
renewable electricity generation, based on current policies.

The share of traditional biomass used globally would decline from 9% in 
2010 to 3% in REmap 2030 if all REmap Options are implemented.

Figure 3.5 shows the TFEC of end-use sectors in REmap 2030, with 
a breakdown by fuels, electricity and district heat. Each of these are 

buildings/district heat and manufacturing industry plants over the entire 
period. Total estimated biomass space and water heating capacity in the 
building sector of the REmap countries is approximately 480 gigawatt-
thermal (GWth), while process heating capacity in the industry sector is 
approximately 465 GWth in 2030.

The use of biofuels in the transport sector will increase by 150%, from 2 
EJ in 2010 to around 5 EJ in the 26 REmap countries, equivalent to 290 
billion litres of liquid biofuel by 2030 worldwide compared to today’s 
biofuel demand of 116 billion litres (99 billion litres of bioethanol and 17 
billion litres of biodiesel).

Total renewable energy use increases by 50% between 2010 and 
2030, increasing the global renewable energy share minimally, to 
21%, if current policies continue.

Solar thermal use in the 26 REmap countries is expected to triple between 
2010 and 2030 from about 1 EJ to 3 EJ, almost exclusively in the building 
sector, where it will reach 36% of the sector’s total modern renewable 
energy use (excluding electricity and district heat). Total installed capac-
ity will rise to around 790 GWth. There is also a 25 GWth projection for 
the industry sector. The largest growth for both biomass and geothermal 
technologies, in the Reference Case, is projected to occur in the district 
heat sector.

In 2010, 20% of all the electricity generated worldwide already came from 
renewable sources. Hydropower makes up the greatest share of this by 
far, accounting for 16% of total power generation, or roughly four-fifths of 
the 20% share of renewables. Given that wind turbines and solar PV, two 
technologies which are currently growing rapidly, also generate electricity 
directly, a much larger share of renewable electricity by 2030 seems likely.

Renewable electricity generation will increase by 145% between 2010 and 
2030 in the 26 REmap countries, bringing the global renewable energy 
share from 18% in 2010 to 26% in 2030 – similar to the growth projected in 
transport and higher than that for heating applications. Hydro and wind are 
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further broken down to con-
ventional (blue shaded bars) 
and renewable (green shaded 
bars) sources. The contribu-
tion of the three sectors to 
global TFEC are more or less 
the same (in EJ/yr). In abso-
lute terms, a similar market 
size of renewable fuels exists 
across the end-use sectors 
of between 25 and 31 EJ2. 
For the building and industry 
sectors, renewable electricity 
and to a small extent renew-
able district heat add another 
25 EJ of renewable energy 
use each. As a result, total 
renewable energy use in the 
industry and building sectors 
amounts to 101 EJ. This is ap-
proximately three-quarters of 

2 Table 3.2 and Figure 3.5 show a global 
liquid biofuel consumption of 16 EJ for 
the transport sector. This is based on 
final energy terms. Here, final energy 
is converted to primary energy based 
on a primary biomass-to-liquid biofuel 
conversion efficiency of 50%.

Table 3.2 Breakdown of global total and sector-specific renewable energy shares

Renewable Share of: as % of: 2010 2030  
Reference

REmap 
2030

RE use REmap 
2030 (EJ/yr)

Industry
Heat1 Heat consumption 8% 9% 19% 25

Heat & Electricity & DH2 Sector TFEC 11% 15% 26% 51

Buildings  
(excluding tradi-
tional biomass)

Heat1 Heat consumption 12% 16% 35% 25

Heat & Electricity & DH2 Sector TFEC 14% 20% 38% 50

Transport
Fuels1 Fuel TFEC 3% 5% 15% 16

Fuels & Electricity2 Sector TFEC 3% 6% 17% 18

Power3 Generation 18% 26% 44% 62

District heat (DH)3 Generation 4% 14% 27% 5

Total  
(as % of TFEC)

Modern RE (excl. traditional biomass)4 9% 14% 27% 119

Modern + Access 18% 21% 30% 132

Modern + Access + EE (assumes the implemen-
tation of all the 3 SE4ALL objectives) 34%

Modern + Access + EE + “RE+” >36%

Most renewable uptake will happen by substituting conventional technologies in the power and building sectors.

1  Represents total combustible and non-combustible renewable energy use from all energy carriers to generate heat (for industry and building sectors) divided 
by the sector’s TFEC, excluding electricity and district heat. For the transport sector, it represents total renewable energy fuel use divided by the sector’s TFEC, 
excluding electricity

2  Represents total combustible and non-combustible renewable energy use from all energy carriers to generate heat (for industry and building sectors), and 
total electricity and district heat consumption generated from renewable energy divided by the sector’s TFEC. For the transport sector, it represents total 
renewable energy fuel use and total electricity consumption generated from renewable energy divided by the sector’s TFEC.

3  Represents total electricity generated from renewable energy sources divided by total electricity production, or total district heat generated from renewable 
energy sources divided by total district heat production. The absolute values (in EJ) for the power and district heat sectors refer to the total generation, but 
not to consumption. Therefore they should not be added on top of the total renewable heat and fuel use in the end-use sectors to estimate the total renewable 
energy share in TFEC.

4 See Figure 3.7 for the cost-supply curve which plots the development of the modern renewable energy share.
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Figure 3.6 shows the share of different renewable energy 
sources in global TFEC for 2010, as well as for 2030 with 
additional growth from the REmap Options included. In 
2010, traditional use of biomass accounts for half of the 
global renewable energy use of 63 EJ. Among the renew-
able energy sources other than biomass, hydropower is the 
most important.

REmap Options add 39 EJ of additional renewable energy 
use in the 26 REmap countries. This translates to a total 
of 53 EJ worldwide. The largest source, modern biomass, 
accounts for about 56% of the REmap Options identified, 
i.e. 30 EJ of the total 53 EJ. Biomass will continue to be the 
largest source of renewable energy to generate both power 
and heat and to be used as motor fuels. In total, the various 
forms of solid, liquid and gaseous biomass make up 61% of 
renewable energy use in the REmap 2030. In the end-use 
sectors, the biomass share in total renewable energy use 
reaches 80%.

As mentioned earlier, however, the main shift within biomass 
will be from its traditional uses to modern technologies and 
fuels. The reason why REmap 2030 is largely dominated by 
biomass is that the analysis covers all end-use sectors, and 
is not limited only to the power sector. Biomass easily finds 

a large potential area of application in all end-use sectors compared to 
other renewables. In contrast, renewable energy technologies other than 
biomass have equally large potential in the power sector.

Scaling up renewable energy involves not only the power 
sector, but also end-use sectors where biomass can easily find 
applications.

Biomass potential in the 26 REmap countries is followed by solar thermal 
for heating and cooling (5 EJ) and solar PV for electricity generation 
(2.2 EJ). In total, solar accounts for 19% of the total REmap Options in 

Figure 3.5 Global TFEC breakdown of the end-use sectors by fuels, electricity and 
 district heat (DH) in REmap 2030
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The building and industry sectors combined account for three-quarters of total global 
renewable energy use, as forseen in REmap 2030.

the global renewable energy use of 132 EJ, according to REmap 2030 
including modern energy access.3

3 In the Reference Case, total global renewable energy use is 93 EJ, of which 65 EJ is modern and 
28 EJ is traditional. Worldwide, REmap Options add 53 EJ of modern renewable energy use to the 
Reference Case; as a result, modern renewable energy use reaches 118 EJ. The remaining 14 EJ to 
arrive at 132 EJ is related to the substitution of traditional use of biomass. About 7 EJ of the total tra-
ditional biomass use of 28 EJ is substituted already in REmap Options. In order to realise SE4ALL’s 
modern access objective, all traditional biomass use should be substituted. Of the remaining 21 EJ 
of traditional biomass use, 17 EJ is substituted further with total modern renewable energy use of 
10 EJ, and 4 EJ is regarded as modern. As a result, additional modern renewable energy use of 14 
EJ takes total use from 118 EJ to 132 EJ.

REmap 2030  22



3

Other REmap Options (10%, or 2.8 EJ) are a mix of hydropower (2%), geo-
thermal (2%), electrification technologies (1.5%) and other sources such 
as ocean or waste energy (4.5%). Today, hydro makes up the largest share 
of renewable electricity, but by 2030, REmap Options will increase signifi-
cantly both the absolute amount and share of wind power consumption, 
as wind power deployment exceeds that of hydropower by 2030. The 
additional potential for hydro in the 26 REmap countries is small (0.5 EJ 
only) because its use is already high in the Reference Case (12.5 EJ).

Although REmap 2030 indicates that EV use can increase substantially, 
its contribution to global renewable energy use is modest, about half 

Figure 3.6 Global renewable energy use by technology and sector, 2010 and in REmap 2030

Global renewable energy use will grow by 110% in absolute term by 2030.

Note:  REmap 2030 estimates a total renewable energy use share of 36% for power and 64% for the end-use sectors, including traditional use of biomass. When traditional use of biomass is excluded, the 
shares of power and the end-use sectors are 40% and 60%, respectively.
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the 26 REmap countries (7.2 EJ in total). In addition to the Reference 
Case use, total solar is expected to reach 12.6 EJ in the REmap 2030, 
including CSP for power generation and solar thermal use in the district 
heat sector.

Wind power is the third largest renewable energy source, with a total 
additional estimated potential of 6.3 EJ in the REmap Options (i.e., 17% 
of the total). Its total use by 2030 is estimated to reach 11 EJ. Biomass, 
solar and wind account for more than 90% of the total REmap Options 
and 84% of total renewable energy use by 2030 in the REmap countries 
(including the remaining quantities of traditional use of biomass).
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of the total contribution of electrification technologies (less than 1%). 
The high efficiency of these vehicles compared to internal combustion 
engines is the main reason. In addition, only the consumption of power 
(approximately 80% of the total generated) is displayed in Figure 3.6, and 
the share of electricity originating from renewables only (44% of the total 
power consumed by EVs).

Box 3.2 Electrification

The portfolio of renewable energy technologies in REmap 2030 relies heavily 
on biomass. If biomass does not take off as projected, doubling the global 
renewable energy share could be challenging. The RE+ Options propose 
alternative strategies to overcome such challenges. Electrification is one of 
them, substituting fuel use for space and process heating in the building and 
industry sectors and for internal combustion engines in the transport sector.

In the IEA’s Energy Technology Perspectives (ETP) 2012 (IEA, 2012c) the 
electricity share of end-use sectors could increase from its current level of 
approximately 20% to as high as 24% by 2030 and 30% by 2050, according 
to the most ambitious climate policy scenario. The electricity shares of end-
use sectors are projected to increase in transport to 4% and 13% (from 1%), in 
industry to 29% and 31% (from 23%) and in buildings to 34% and 39% (from 
28%) by 2030 and 2050, respectively. The REmap 2030 electricity use shares 
in 2030 are comparable: for transport 5%, industry 27% and buildings 43%. 
As more renewable power is generated, end-use sectors would gain a higher 
renewable energy share through these changes in the fuel mix.

Electrification is technically possible in many applications. Heat pumps can 
provide heat in buildings as well as low-temperature heat in several industry 
sectors, such as in food and beverages. Air conditioning for space heating is 
also gaining a higher market share, for example in Japan, Sweden and Turkey. 
With increasing prosperity, cooling demand will be met by air conditioning 
more, a market which has only been partially met by electrical devices such 
as fans. Alternatives to thermal industrial processes are also being slowly 
commercialised, such as microwave drying. Research is also focused on the 
development of alternatives for processes that account for a large share of 
industrial energy use. An example is electricity-based iron production (elec-
trowinning), similar to what has so far been applied typically in the produc-

tion of non-ferrous metals. Plug-in hybrids and battery-electric vehicles are 
options in the transport sector.

However, electricity is more expensive than fossil fuels and is only success-
ful if it substantially improves efficiency and productivity or provides other 
benefits, such as less air pollution or greater safety and convenience (such as 
electric cooking). With efficiency twice as high as petroleum-based passen-
ger vehicles, electric vehicles create a large efficiency gain. Heat pumps meet 
this criterion as well, with conversion efficiencies of at least 300% (coefficient 
of performance of 3) compared to 90-107% efficient boilers.

But electrification does not always make a great difference. For example, 
the maximum efficiency that an electric heater could reach is 100%, on par 
with modern fossil fuel boilers. Heat pumps, electric resistance heating, 
electricity and carbon dioxide (CO2) as a feedstock for chemicals production 
(e.g., methanol, synthetic methane) are all technically feasible, but econom-
ics constitutes a major barrier. Given the costs and maturity of the related 
technologies today, it is not realistic to expect a substantial contribution of 
electrification by 2030, and the share in TFEC of the limited number of ap-
plications will be somewhat limited because of the high efficiency gains. A 
planning horizon to 2050 therefore seems more feasible since significant 
time and efforts is required.

Part of this trend in planning is already included in REmap 2030. More 
developments are needed for the development of cost-effective solutions, 
and electrification alone is not a solution unless the power is renewable. 
New policies to accelerate technology innovation should acknowledge the 
importance of electrification now as a renewable energy and energy effi-
ciency strategy and work towards the development and commercialisation of 
related technologies in the next few years, especially since a single portfolio 
of technologies may not be sufficient to go beyond a doubling of the global 
renewable energy share.

Each end-use sector has a different portfolio of REmap Options. If all 
REmap Options are deployed, the industry sector of the 26 REmap coun-
tries will use 18.7 EJ of renewable energy for process heat generation (or 
25 EJ worldwide), of which 16.1 EJ will be from biomass and 2.6 EJ from 
solar thermal. The building sector will use 9.5 EJ of modern biomass and 
6.2 EJ of solar thermal (or 25 EJ of modern renewables worldwide). The 
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2. The REmap Options raise the share of modern renewable energy from 
around 14% to around 27% (upper x-axis) and range from negative 
cost options (savings) to more costly options. The trends visible in the 
figure would produce savings of as much as USD 10 per GJ, while the 
most costly options reach USD 25 per GJ. These estimates are based 
on substitution costs for renewable technologies, rather than the final 
cost of energy services, which can also be influenced by other factors. 
Consequently, savings occur wherever a renewable alternative is less 
expensive than the existing conventional one. Likewise, a positive cost 
figure indicates additional costs because of substitution, not just the 
cost of that particular renewable energy source.

3. The figure also shows the contribution of the other two SE4ALL ob-
jectives to the renewable energy share in TFEC. Subsequently, with 
implementation of the modern energy access objective, the renewable 
energy share reaches 30% (the blue arrow on far right). Implementing 
the energy efficiency objective takes the renewable energy share to 
34% (the lower x-axis).

The area between the curve and x-axis is a measure of the total annual-
ised cost in 2030. Cost savings offset most of the cost increases. Net an-
nualised costs divided by total final renewable energy use yields an aver-
age cost of substitution for the total of REmap Options of approximately 
USD 2.5 per GJ. This outcome suggests that the share of renewables can 
be doubled with only limited additional costs.

Biomass offers the greatest potential for accelerating the  
scale-up of renewables, followed by solar energy options.

This curve displays the aggregated potential of selected REmap Options. 
REmap Options are the realistic potential of renewable energy technolo-
gies beyond national plans of the countries, taking into account resource 
availability, capital age of stock, planning procedures, etc. It is one port-
folio of technologies, according to REmap 2030 based on the bottom-up 
analysis of the 26 REmap countries. These technologies represent the 
additional potential estimated based on dialogue between IRENA and 

transport sector will use 13 EJ biofuels (or 16 EJ worldwide). Among the 
end-use sectors, buildings will account for the largest renewable energy 
use in REmap 2030, followed by the industry and the transport sectors. 
If all REmap Options are deployed, renewable electricity generation will 
reach approximately 12 500 terawatt-hours (TWh) per year (or 45 EJ) in 
the 26 REmap countries.

It is worth noting that the power sector makes up only just over a third of 
the share of renewables in TFEC, with the other nearly two-thirds coming 
from heat and fuel use in the three end-use sectors. If a doubling of the 
global renewable energy share is to be reached, more attention should 
be focused on renewables in the building, industry and transport sectors. 
Biomass is the main renewable energy which can be directly deployed 
in these sectors, apart from solar and geothermal heat. Hence, its role is 
especially important.

3.3.2 Substitution costs of the REmap Options

Figure 3.7 shows the global cost curve for the 26 REmap countries, cal-
culated from the perspective of governments. This approach produces 
a better cost estimate for society than the business perspective, which 
includes national taxes and subsidies that amount to redistributions of na-
tional output. The options are aggregated and shown individually based 
on the average cost of substitution. Three main categories of possible 
technology deployment, as envisaged in REmap 2030 analysis:

1. The horizontal bar to the far left shows the growth of modern re-
newables in the Reference Case, which rises from around 9% in 2010 
to around 14% in 2030. The cost impact was not determined for the 
Reference Case, as this growth is assumed to take place in any case. 
Some traditional use of biomass is already substituted in the Refer-
ence Case, which results in a lower TFEC, thereby increasing the 
renewable energy share. The green areas in the Reference Case indi-
cate biomass, which accounts for about half of the uptake. The other 
half consists of power sector options: hydro and wind, followed by 
solar. Solar heating applications complete the renewables uptake.
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the countries. This portfolio is not an allocation of the global additional 
potential based on the gross domestic product (GDP) of countries, and 
does not represent a static growth rate of technology deployment nor 
extrapolations. Further technology portfolios can be generated based 
on the different understanding of the parameters that constitute REmap 
Options.

Decision makers will be tempted to pick low-cost options, from the left 
end of the curve, and to skip high-cost options on the right side; but the 
figure gives a global perspective, and not all options are available every-
where. Therefore, the cost curve should not be misinterpreted as a series 
of steps from left to right, in order of costs that can be chosen in isolation; 
rather, there are interactions, and all of these options need to be exercised 
together to achieve this level of costs and the indicated renewable energy 
shares. For instance, some options produce savings or improvements in 
efficiency that help reduce the costs of more expensive options below 
those that would exist otherwise. 

The position on the cost curve can also change, depending on taxes, sub-
sidies and external effects. Macroeconomic effects can change the rank-
ing as well. The focus on the cheapest individual options will not result 
in the least expensive overall transition; achieving that requires a holistic 
approach, and only when all of these options are pursed simultaneously 
can the share of renewables in TFEC be doubled by 2030 at the costs 
presented.

Furthermore, current plans need to take account of the effect of techno-
logical learning; what seems costly now may not be by mid-century, par-
ticularly if already-emerging technologies are promoted. Another reason 
to consider costlier options is to accelerate technology learning. Govern-
ments may want to invest in technologies that are costly now in order to 
“buy down” the unit investment cost through technology improvements 
and economies of scale.

Each country’s portfolio of renewable energy technologies 
should be as broad as possible.

To the right of the cost curve, some technology options have higher costs. 
This does not, however, mean that the potential for low-cost REmap op-
tions is exhausted, or that only the potential of technologies with high 
costs remains for implementation. Rather, it points to two important find-
ings about the ambition level across countries:

1. Certain countries with very high renewable resource potential either 
have few policies in place to utilise that potential at low cost, or leave 
deployment to the market only (e.g., Russia);

2. Other countries that already have a high renewable energy share ap-
pear content with it and see less need to proceed further (e.g., Brazil).

Higher deployment for all renewable energy technologies is 
technical possible, but it requires more ambitious policies in 
countries.

Technical potential is much higher than the deployment indicated by the 
width of individual technologies according to Figure 3.7. This is valid for 
all technologies, and more renewable energy can be deployed than the 
REmap Options shown. With further utilisation of the technical potential, 
the global share of renewable energy can be expanded, and the contri-
bution of individual technologies to global renewable energy use can 
change. Further deployment will depend on the political will of countries 
and on innovation in existing and mature technologies.

Figure 3.7 considers renewable electricity for vehicles and heat pumps 
as well, but this is not enough to reach substantially higher renewable 
energy shares in the end-use sectors. The scope must be broadened, for 
example through thermal storage and hydrogen as a storage medium. In 
a situation of resource scarcity, the optimal use of resources may change 
as progress is made. Initially, biomass may be co-fired in coal plants, but 
eventually it may be better to use scarce biomass for biofuels. Biogas can 
be incinerated directly to generate power, but it is also well suited to be 
upgraded and stored for use during periods of scarcity – especially if a 
high share of variable renewable power is aimed for.
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bars in Figure 3.1 (upper x-axis). SE4ALL’s energy efficiency objective takes the share of renewable energy further (lower x-axis).

Figure 3.7 Technology cost curve for the 26 REmap countries based on the perspective of governments in 2030
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The power sector is especially complex. At all times, supply must 
meet demand, lest blackouts occur. Although a variable renew-
able technology like solar and wind may be introduced up to 20% 
with limited considerations for the grid, high shares may require 
significant grid upgrades. Furthermore, costs rise considerably if 
storage is needed for variable renewables. It generally enhances 
grid stability if a range of technology options is considered, so in-
vesting in a number of different technologies, not only the cheap-
est ones, makes sense.  Figure 3.7 is a simplification of the REmap 
tool as each option is itself represented by a cost curve, and costs 
differ by country.

Figure 3.8 shows the range in the average substitution cost of 
each  REmap Option based on the variation across individual 
countries. Some technologies have potential in one country only 
(e.g., run-of-river hydro), and others have additional potential in 
all 26 countries (e.g., onshore wind). This shows that the REmap 
2030 technology portfolios differ across individual countries. 
In some countries, mainly power sector-related REmap Options 
may exist, while in others, additional options in all sectors are 
estimated.

For individual countries, the shape of the cost curves and the 
rankings of the technologies differ depending on resource endow-
ment, capacity factors and the type of conventional technology 
substituted (e.g., solar PV substituting coal in one country and oil 
in another). The same holds true for the cost curves of individual 
technologies where different countries are ranked. The position 
of countries would change for each technology. The costs of 
individual technologies range +/- USD 10 per GJ around the aver-
age value. The figure shows that although the weighted average 
substitution costs of some technologies are positive, attractive 
market options exist in certain countries (e.g., offshore wind, solar 
thermal for industry). Countries should develop targets in their 
national plans to deploy these opportunities. Country briefs which 
can be found online provide further country details.

Table 3.3 Weighted average substitution costs of selected REmap  Options 
based on the perspective of governments and businesses in 2030

Business Per-
spective

Government 
Perspective Difference

(USD/GJ)
Hydro (large) -12.3 -7.6 4.7

Landfill gas (power) -2.2 -6.4 4.2

Geothermal (power) -5.5 -3.9 1.5

Bioethanol (advanced) -8.4 -2.4 6

Wind (onshore) -2.6 -2.2 0.5

Hydro (small) 0.4 -1 1.5

Bioethanol (conventional) -12.7 -1 11.8

Solar thermal (buildings) -1.9 0.3 2.2

Heat pumps  
(air-to-air/ground) -3.7 1 4.6

Biomass/ biogas heat/cooking 
(buildings) -2.1 1.2 3.3

Solar PV (utility) 1.1 2 0.9

Biomass/gas heat (incl. CHP) 3.8 4.5 0.7

Hydro (run-of-river) 1.1 7 5.9

Biomass power  
(incl. co-firing/CHP) 5.9 7.7 1.8

Solar cooling 8.3 10.7 2.4

Wind (offshore) 8.7 12.3 3.6

Solar thermal (industry) 13.4 13.2 0.2

Solar PV (rooftop) 10.8 13.9 3.1

Electric mobility -34.3 21.3 55.6

CSP 14.7 21.3 6.6

Wind  
(onshore, early retirement) 25.4 23.8 1.6

Hydrogen transport 14.9 30.1 15.3

REmap 2030  28



3

Figure 3.8 Ranges of substitution costs of REmap Options in the 26 REmap countries based on the perspective of governments in 2030
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The shape of the cost curve, and hence the best technology 
portfolio, differs from one country to another.

Table 3.3 shows the comparison of substitution costs of individual tech-
nologies based on the perspective of governments and businesses. The 
largest differences between the business and government perspective 
estimates exist in the transport sector technologies, namely conventional 
and advanced bioethanol, electric mobility and hydrogen transport, from 
between USD 6 and USD 55 per GJ. Transport sector technologies based 
on the business perspective are clearly cheaper than under the govern-
ment perspective, as including taxes on fossil fuels at the national level 
makes a large difference compared to the international prices.

The differences between the two estimates for power and heating ap-
plications are lower. This is because the difference between the national 
and international fuel prices (fossil fuels and biomass) is lower than that 
of motor fuels. There is also the effect of local and international discount 
rates on heating and power technologies, in particular for renewable 
technologies which do not use any fuels. Developing countries often have 
higher local discount rates compared to the standard 10% international 
discount rate, making the business perspective of, for example, wind or 
solar more expensive than under the government perspective.

3.3.3 Substitution costs by sector

Table 3.4 shows the average substitution costs with a breakdown by sec-
tor. These costs are the aggregated substitution cost of all technologies 
assumed to be implemented in that sector. The average cost of the port-
folio of REmap Options in the industry sector is USD 5 per GJ based on 
a government perspective. The business perspective estimates average 
costs of USD 4.3 per GJ. The average cost of the REmap Options in the 
building sector is estimated at USD -2.3 and USD 1.6 per GJ in the busi-
ness and government perspectives, respectively.

The average cost of substituting fossil fuel use in the transport sector 
comes at high savings of USD -12.7 per GJ based on the business perspec-

Table 3.4 Global average substitution costs in REmap 2030, from 
 government and business perspectives

Government Business

(USD/GJ)
Industry 5 4.3

Buildings 1.6 -2.3

Transport -4.1 -12.7

Electricity 5.7 4.1

District heat 5.3 5.7

Total 2.5 -0.7

The energy transition appears less costly from a business perspective 
than it looks to governments.

Note:  Costs related to autoproducer power plants and the power generation part of CHP plants 
owned by the industry, building and district heat sectors are allocated under the electricity 
sector. Partitioning of fuel input to CHP plants for the co-generation of power and heat is based 
on the energy content of the output.

tive. The substitution costs are moderate when based on the government 
perspective, estimated at USD -4.1 per GJ. The considerable difference 
between the two estimates is the result of high excise and value-added 
taxes applied to gasoline and diesel fuels in most countries. The transport 
sector has the lowest cost of substitution.

In the electricity and district heat sectors, the substitution costs are es-
timated to be between USD 4 and USD 6 per GJ. Among all sectors, in-
creasing the share of renewable energy in the industry, power and district 
heat sectors is the most expensive, at least USD 5 per GJ.

Globally, the same relationship is found consistently for each sector, as-
suming that taxes and subsidies remain the same as today by 2030; the 
substitution costs based on the business perspective are lower. Although 
the business perspective is more cost effective compared to the govern-
ment perspective for all sectors, only the buildings and transport sectors 
have a business case by 2030, i.e., savings. For other sectors, the REmap 
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Options have positive substitution costs. New policies are needed that pro-
vide proper incentives for these sectors to change the business economics.

3.3.4 Comparison of REmap results with integrated energy models

This roadmap investigates the potentials achievable through additional 
options by country, sector and technology, based on a bottom-up analysis 
of the 26 REmap countries. Country engagement is one of the main prin-
ciples of REmap 2030 in identifying renewable energy options between 
now and 2030. IRENA has facilitated the collection and analysis of country 
data through the REmap tool, a spreadsheet that allows easy comparison 
of existing plans and future renewable energy options in each of the 26 
countries. The tool displays what a country’s energy system looks like in 
2020 and 2030 based on existing plans, and then asks the national REmap 
experts to identify – sector by sector – what conventional technologies 
may be substituted with renewable energy technologies. To the extent 
possible, the Reference Case and the REmap Options were estimated in 
dialogue with the 26 countries. The potential and costs of these options 
are displayed on a cost-supply curve. This approach has both advantages 
and disadvantages.

National energy plans and scenarios currently differ substantially in 
terms their scope, assumptions and level of detail. The REmap approach 
facilitates an open and easily comparable way of aggregating countries 
at a global level. Furthermore, it creates a common framework to include 
widely dispersed countries and their national plans and/or scenarios. The 
cost-supply curves in this study provide a one-to-one comparison of indi-
vidual renewable energy technologies with their conventional technology 
equivalents based on country analyses. It also provides a fair level of de-
tail about different renewable energy technologies and covers all sectors 
of the economy. It is therefore a useful, transparent summary of the costs 
and potential of more than 450 technology choices.

The roadmap is not a scenario analysis, and the findings are not prescrip-
tive. The roadmap instead follows a practical approach, and the aim is to 
communicate with a diverse group of audience: from policy makers to 

technology developers, academia and the general public. The approach 
also allows IRENA and countries to work together, next to other practi-
cal benefits; for example, national experts can easily review assumptions 
and easily provide data in the REmap tool. The cost and potential of each 
technology can be easily calculated back to the raw technology perfor-
mance and cost data, which allow results to be re-estimated by varying 
the default parameter values (e.g., energy prices, discount rates). This 
flexibility is important because each country has its own characteristics, 
and countries not covered in this analysis may want to analyse their po-
tential and compare themselves with others on a comparable metric.

On the other hand, a number of issues are not entirely covered in the 
cost-supply curves and in general in the simplified approach applied in 
this study. The analysis represents a point in time. The developments and 
dynamics between 2010 and 2030 were not estimated in detail; rather, all 
additional options are implemented in a single step in 2030. The interac-
tions across different technologies or the developments and feedbacks in 
energy prices due to demand and supply changes (e.g., rebound effects) 
were not taken into account.

Most variables in the model are exogenous; for example, fossil fuel prices 
in 2030 were taken from the IEA’s World Energy Outlook (WEO) without 
taking into account the potential effect in demand reduction due to the 
implementation of the REmap Options. While the cost-supply curve is 
static, the energy system in general – and, for instance, the process of 
meeting electricity or heat demand – is dynamic. Some externalities were 
taken into account in separate analyses, but not all benefits and costs are 
incorporated. For example, there are institutional barriers, or transaction 
costs along with technology costs. Incorporating these could change the 
ranking of technologies.

All of these issues which are excluded from this analysis, as well as their 
effects, can be assessed in detail with sophisticated and integrated en-
ergy models. The main drawbacks of such models are, however, the lack 
of transparency in how results are estimated and generally the limited 
level of detail in the outcome. Therefore, such models may not always 
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premise of this comparative analysis was that the sequence of technology 
options in REmap’s cost-supply curves should be similar to the technol-
ogy options selected by the ETSAP models as they increase the required 
share of renewables in their energy system. As a result, a collaborative 
project was established whereby the ETSAP teams model showed how 
renewable energy and energy efficiency activities evolve as countries 
increase their renewable energy share.

The comparative analysis – which is still ongoing – suggests that for a 
number of countries and regions, the results are directly comparable to 
the REmap country results. Furthermore, the impact of higher renewable 
energy shares on commodity prices was compared, as were the impacts of 
higher renewable energy shares on investment needs for transmission and 
distribution networks. The results suggest that investments in transmission 
and distribution networks are in the range of 10% of total system invest-
ment costs, and that energy efficiency activities are becoming an important 
factor to achieve very high shares of renewables in the system. A joint pa-
per between IRENA and IEA-ETSAP with detailed findings is in preparation.

help policy makers in developing roadmaps for individual sectors, coun-
tries and technologies. In view of the practical aims of this roadmap and 
its primary focus – to identify the global technology options based on the 
independent, bottom-up analysis of the 26 REmap countries and their 
data – cost-supply curves are regarded as a suitable approach.

In order to see the potential differences in outcome between this analy-
sis and integrated energy models, IRENA co-operated with the Energy 
Technology Systems Analysis Programme of the IEA (IEA-ETSAP). In 
June 2013, IRENA co-organised a REmap 2030 session together with 
the IEA-ETSAP (IRENA/IEA-ETSAP, 2013a), which is one of the longest-
running international co-operation activities on energy issues in the 
world and consists of individual national teams in nearly 70 countries. 
Each team employs comparable, combinable technical-economic mod-
els to explore long-term energy scenarios in their respective country or 
region.

National energy plans and scenarios currently differ substantially 
in terms their scope, assumptions and level of detail.
The models employed by the IEA-ETSAP teams are so-called least-cost 
optimisation models. In other words, the models decide – based on a 
library of energy technology options – what sequence and combina-
tion of technologies can most cheaply satisfy energy demand. Similarly, 
these models can be used to identify the most economic combination of 
energy options to achieve a particular share of renewables in the energy 
system. These models account for a number of features that cannot be 
explored in the REmap tool, such as trade-offs between renewable en-
ergy and energy efficiency activities. They account for system planning 
issues like investments in the grid infrastructure and reflect competition 
for scarce resources (e.g., biomass) in commodity prices and for dynamic 
cost structures as technologies get deployed over time. However, the 
models require expert knowledge to handle the associated software and 
to interpret the results.

The aim of the IRENA/IEA-ETSAP session was to see whether the results 
of the REmap tool could be compared with the IEA-ETSAP models. The 

Figure 3.9 Contribution of renewable energy supply options and energy 
efficiency to the doubling of the global renewable energy share in 2030
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Figure 3.9 shows the results of a global IEA-ETSAP model to double 
the share of renewable energy from 18% to around 36% in 2030 in two-
percentage-point steps. For each increase in the renewable energy share, 
a new simulation is run. Figure 3.9 shows the ratio between additional 
renewable energy activities and additional energy efficiency activities to 
achieve a higher share of renewable energy. For a global renewable en-
ergy share of around 26%, more renewable energy than energy  efficiency 
activities are deployed to increase the renewable energy share. Between 

26% and 34%, the ratio between renewable energy and energy efficiency 
activities is more-or-less equal. Beyond 34%, energy efficiency activities 
become the dominant driver for high shares of renewables.

3.3.5 Results by country

If all REmap Options are implemented, the share of modern renewable 
energy in the TFEC of the 26 REmap countries would increase from 9% 

Figure 3.10 Current and projected share of renewable energy in the 26 REmap countries, 2010-2030
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Note:  The renewable energy shares for the 2030 Reference Case for France and the United Kingdom (UK) were assessed based on their 2020 renewable energy commitments according to their NREAP. No further 
deployment of renewable energy was included in their analysis of the Reference Case between 2020 and 2030; however, any improvements in energy efficiency were taken into account.
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in 2010 to 27% in 2030. Details by country are provided in Figure 
3.10. In 2010, the 26 REmap countries start off at different levels – 
ranging from 0% in Saudi Arabia and the UAE, to more than 20% 
in Denmark, Canada and Nigeria, to more than 40% in Brazil.

Most countries display an upwards progression in their renewable 
energy share from 2010 to the Reference Case in 2030. European 
Union (EU) countries show strong growth in both the Reference 
Case and REmap 2030. EU Member States all have renewable en-
ergy targets for 2020, as defined by their national renewable en-
ergy action plans (NREAP), and were discussing targets for 2030 
at the end of 2013. Some, such as Denmark and Germany, have 
targets for 2030 to take their renewable energy share higher than 
in 2020, as indicated by the Reference Case. The renewable energy 
share of economies in transition and in the Middle East and North 
Africa (MENA) is projected to be below 20% in the Reference 
Case. Developing Asian countries, which will account for the larg-
est share of TFEC worldwide, are estimated to have a renewable 
energy shares of between 16% and 30% if all REmap Options are 
deployed. The global doubling of the share of modern renewable 
energy does not mean a doubling in every country.

Brazil, Canada, China, Denmark, Ecuador, France and 
Germany could reach renewable energy shares of 30% or 
more.

The renewable energy share in countries with traditional use of 
biomass develops differently between 2010 and 2030 than in 
countries with no traditional use of biomass. Clearly, Nigeria, and 
to an extent Brazil and India, show different trends. Because Ni-
geria currently uses so much biomass (including solid biomass in 
industry), the country expects its share of renewables to shrink 
dramatically as industry switches mainly to natural gas, and as 
the use of traditional use of biomass in households for cooking is 
replaced by the more efficient use of modern biomass. Except for 
Nigeria, as bars for the average show in Figure 3.10, the share of 

Figure 3.11 Country renewable energys potential and substitution costs from a 
business perspective
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renewables is much greater in 2030 under REmap 2030 than 
it would be in the Reference Case.

Of the different regions that the 26 REmap countries cover, 
Africa and Latin America are the least represented. Since 
both regions are developing and many developments are re-
quired on the infrastructure side, a greater representation of 
these regions by including more countries will be favourable 
in order to draw conclusions for those regions.

3.3.6 Substitution costs by country

Figure 3.11 shows the substitution costs for each of the 26 
REmap countries under the REmap Options by 2030 from a 
government perspective. Note that the x-axis starts on the 
left at low costs and moves into high substitution costs to the 
right. Each country is indicated with a circle; the size of the 
circle shows the volume of the REmap Options. The larger 
the circle, the larger the additional potential of renewable 
energy technologies in that country. Countries with the larg-
est circles and the lowest substitution costs are important to 
double the share of renewables in the global energy mix cost 
effectively.

According to Figure 3.11, the potential is greatest in Brazil, 
China and the United States (US), and these countries all 
have negative substitution costs from a government perspec-
tive. Other countries with large potentials and negative sub-
stitution costs are France, Germany, Japan and Russia. India, 
Indonesia and Canada also have large additional technology 
potentials, but their substitution costs are much higher.

The main driver for renewable energy deployment is found 
to be its costs. If costs allow it and there are sufficient re-
sources in a country, there is no reason why one should not 
expect renewable energy use. Costs are determined based 

Figure 3.12 Relation between country renewables potentials and substitution costs 
from the government and business perspectives
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The top left shows some of the mature countries, which already have 
reached a high renewable energy share of at least 25% and could raise 
this share further at a negative substitution cost. Denmark and Brazil fall 
under this category entirely, as does Germany partly. Brazil already has a 
high renewable energy share, with a mix of hydro in the power sector and 
biofuels in the transport sector. Mainly, additional biofuels in the transport 
sector and other low-cost biomass uses in the end-use sectors can raise 
the renewable energy share further without any additional costs. The re-
newable energy share can be increased further in Germany with already 
cost-effective solar PV and wind technologies in the power sector. The 
substitution costs of these countries based on the business perspective 
range from USD -4 (France) to USD -36 per GJ (Denmark).

The bottom right of the curve shows the countries that subsidise fossil 
fuels and/or electricity; most of them also produce fossil fuels today and 
are expected to do so in 2030. They raise their renewable energy share 
from a low level, but only to a limited extent – and often at positive sub-
stitution costs. The substitution costs based on the business perspective 
range from USD 1 (South Africa) to USD 16.5 (Saudi Arabia) per GJ. In 
many cases (Malaysia, Saudi Arabia, Indonesia, etc.), these countries 
have higher substitution costs from the business perspective than from 
the government’s view – a reversal of the situation in Denmark, Brazil, 
Germany or Japan. Here, energy pricing policies create a market which 
could favour the further deployment of renewable energy. In compari-
son, in countries with high energy subsidies, the national prices of fossil 
fuels are lower than the international market price. Although Russia 
heavily subsidises its natural gas, the price difference is minor because 
a mix of expensive nuclear and diesel generators is being substituted, 
resulting in negative substitution costs in both cases. South Korea sub-
sidises its electricity retail prices and is therefore positioned next to 
energy-subsidising countries.

The comparison shows that there is a general trend between substitu-
tion costs and a country’s role as a net exporter/importer of fossil fuels. 
Countries that export tend to have higher substitution costs; those that 
import, lower. However, the fuels substituted also crucially affect substitu-

on energy prices and discount rates (both the government and business 
perspective), technical performance of the renewable energy alterna-
tives and the conventional technologies they are compared to. These 
aspects are measured by substitution costs in REmap 2030.

Figure 3.12 shows the substitution costs for each of the 26 REmap 
countries under the REmap Options by 2030, both from a government 
perspective (white dots), and from a business perspective (black dots). 
In Figure 3.7, the cost curves for different types of technologies were 
presented; here, the overall cost curve for individual countries is shown. 
National taxation and subsidies have been removed in the government 
perspective (white dots) but are included in the business perspective 
(black dots). Each country line represents the difference in the substitu-
tion cost from the government and business perspectives with the REmap 
Options.

In Figure 3.12, the x-axis starts on the left at low costs and moves into 
high substitution costs to the right. The positions of the countries show a 
general relationship:

 ● Countries with weak economic incentives (positive substitution costs) 
tend to have low renewable energy shares,

 ● Countries with strong economic incentives (negative substitution 
costs) tend to have high renewable energy shares, and

 ● Countries on the left can raise their renewable energy share at nega-
tive costs (i.e., higher savings) of substitution.

It is possible to break down the curve further. The bottom left of the curve 
(countries with renewable energy shares below 30% at negative costs of 
substitution) are promising countries, which start with a low renewable 
energy share in the Reference Case (generally less than 10%) but reach 
approximately 20% when all REmap Options are deployed. The doubling 
of the global renewable energy share by 2030 could be expected to start 
mainly in these countries, with substitution costs ranging from USD 0 
(Mexico) to USD -19 (United Kingdom) per GJ based on a business per-
spective (when Ecuador is included, from USD +13 per GJ).
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tion costs. Where oil exporters use oil for power generation, costs seem 
low, but opportunity costs (not represented here) are high; the additional 
profits from the sale of oil exports would outweigh the slightly higher cost 
of power from renewables.

3.3.7 Renewable energy use

Figure 3.13 provides the contribution of countries to the total renewable 
energy use of the 26 REmap countries in REmap 2030. Six countries ac-
count for 55% of the total global renewable energy use (China, the US, 
Brazil, India, Indonesia and Canada) in REmap 2030. Detailed findings for 
these countries can be found in their respective analyses. 

A quarter of the total REmap Options in the 26 REmap 
countries will be deployed in the US and another quar-
ter in China. Indonesia, India, Brazil and Russia will to-
gether account for another quarter of the total REmap 
Options. These six countries originate from different 
regions and all show considerable differences in their 
existing policy frameworks, economic development, 
renewable energy share and fuel mix, indicating that 
opportunities for renewable energy exist in different 
resource, political and economic environments.

The US, the only high-income country among the six, 
has a moderate increase in its Reference Case be-
tween 2010 and 2030 for its end-use sectors, but the 
power sector is an exception; here, the renewable en-
ergy share increases from 11% in 2010 to 29% in 2030. 
The REmap analysis shows that the US total renewable 
energy share in TFEC could be increased from 7.5% 
to 26% by 2030 if all REmap Options are deployed. 
China could also double its renewable energy share 
to 30%. The results show that engagement of China 
and the US is essential if a global doubling goal is to 
be reached.

The third country in terms of potential is Brazil, mostly in the transport 
sector, where the renewable energy share increases from 42% in 2010 to 
more than 55% by 2030. Because the country already has so much hydro-
power, Brazil’s REmap Options for the power sector are limited, consisting 
mainly of small amounts of a mix of biomass, solar and wind.

India and Indonesia deploy different technologies in both their end-use 
and power sectors. The largest REmap Options are in the power sectors, 
where the renewable energy share more than doubles and most tradi-
tional use of biomass in the building sector is substituted with modern 
forms of renewable energy.

Figure 3.13 Contribution of individual countries to total renewable energy use of the  
26 REmap countries in REmap 2030
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Box 3.3 Traditional use of biomass
Traditional use of biomass accounted for about half of total global renewable 
energy use in 2010. Its sustainability, however, is questionable. The problems 
range from health issues (smoke from fires) to social issues (children collecting 
wood instead of going to school) and environmental impacts.

Because biomass used traditionally is often collected and traded informally, 
there is no clear definition of the term, and quantities are not known accu-
rately. Whether biomass is categorised as sustainable depends on various 
factors, such as harvesting impacts on biodiversity, the carbon cycle, erosion, 
health impacts and the social consequences of biomass collection and use.

The United Nations Food and Agriculture Organization (FAO) defines tra-
ditional use of biomass as “woodfuels, agricultural by-products, and dung 
burned for cooking and heating purposes.” The IEA considers modern bioen-
ergy as all biomass consumed in Organisation for Economic Co-operation and 
Development (OECD) countries, while all bioenergy in the residential sectors 
of the non-OECD countries is labelled as traditional use of biomass. IRENA will 
work to improve these definitions and statistical data.

Traditional use of biomass can be transformed into modern biomass. Some 
sources say it is sufficient to replace a traditional use of biomass stove with 
a modern one. While this change does not affect the sustainability of the 
biomass supply per se, it reduces health impacts. Conversion efficiency gains 
reduce the need for biomass, which in turn improves sustainability. However, 
traditional use of biomass can also be substituted with other renewable en-
ergy technologies: anaerobic digesters can produce biogas from food and 
agricultural waste and animal dung, and the biogas can then be stored for use 
in cooking or heating; solar cookers can be used by families, or community 
solar cooking facilities can assist in food preparation for an entire village; and 
biofuels can also provide a source of fuel for cooking and heating on demand.

The global share of traditional use of biomass in TFEC is projected to decline 
from around 9% in 2010 to 6% in the Reference Case (see Figure 3.14). Based 
on IEA projections and country plans, IRENA estimates that Africa, Asia and 
Latin America will consume around 28 EJ of traditional use of biomass in 
2030. The Reference Cases for the REmap countries make up 13 EJ of that 
total, leaving a remainder of 15 EJ.

Nine REmap countries use large quantities of traditional use of biomass: Brazil, 
Mexico, Nigeria, South Africa, Morocco, India, China, Indonesia and Malaysia. 

China, India, Nigeria and Indonesia alone make up 90% of this traditional 
use of biomass. For the REmap Options, 8 EJ is substituted with modern re-
newables, leaving 5 EJ of traditional use biomass, equivalent to around 3% of 
global TFEC. Because of the uncertainties around classifying traditional use of 
biomass and based on IRENA’s analyses and input from the countries them-
selves, it was determined that this 5 EJ of traditional use of biomass should be 
considered modern, so it was not substituted.

The remaining 15 EJ of traditional use of biomass consumed outside of the 
REmap countries could be reduced to 7.7 EJ by 2030 if the efficiency of cook 
stoves is doubled, resulting in an additional 1.7 percent of renewable energy 
from these systems alone, assuming that global TFEC will reach nearly 440 EJ.

In total, the REmap Options combined with more efficient cook stoves results 
in almost complete substitution of traditional use of biomass with modern re-
newable variants. The result is around a 3% share in TFEC of modern biomass 
cooking/heating; down from 9% in 2010 – a two-thirds reduction in traditional 
use of biomass to deliver that same amount of useful energy.

Figure 3.14 Traditional and modern renewable energy use shares of 
biomass, 2010-2030
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using average process efficiencies (e.g., 10-33%) to convert them into 
primary energy equivalents.

 ● In the Direct Equivalent method used by the Intergovernmental Panel 
on Climate Change (IPCC) or UN Statistics, all non-combustible energy 
sources (e.g., renewables, nuclear) are converted into primary energy 
equivalents as they appear in TFEC (i.e., using a 100% efficiency to 
convert them into primary energy equivalents).

 ● In the Substitution method used by the U.S. Energy Information Ad-
ministration and BP, renewable electricity and heat are converted into 

While these six countries make up a large share of the total global renew-
able energy use, all other countries need to remain engaged for the world 
to progress. Although the absolute potential of the other 20 countries is 
small, some of them – such as Denmark and Germany – have ambitious 
renewable energy plans which could take their renewable energy shares 
beyond 30%; these two countries have driven wind and solar PV over the 
past two decades. Other countries with lower renewable energy shares 
could benefit from such best practices and experience (see Chapter 6).

3.3.8 Renewable energy share and accounting of primary and final energy

Different countries use different accounting methods to estimate the 
renewable energy share in their total energy mix. For example, EU coun-
tries and Ukraine estimate their shares based on gross final consumption 
(GFC). In comparison, Indonesia and the US use total primary energy 
supply (TPES).

Primary energy is, for instance, crude oil and lumps of coal before conver-
sion into the gasoline and electricity – the “final energy” – that reaches 
consumers. As useful as this distinction is in revealing system losses for 
energy sources with fuel (fossil, nuclear and biomass), it is problematic 
when comparing these sources to wind and solar – which have no fuel, 
and hence no losses between primary and final energy. When calculating 
our consumption of finite resources, a focus on primary energy consump-
tion makes sense; we count what we take from nature. It is not only a 
matter of choosing primary or final since there are different ways to esti-
mate primary energy, and if the renewable energy share is based on final, 
it depends on the system boundaries. Different organisations use three 
ways to estimate primary energy:

 ● In the Physical Energy Content method used by the IEA and Statistical 
Office of the European Union (EUROSTAT), renewable electricity (e.g., 
wind, solar PV and hydropower) and biofuels are counted in primary 
energy as they appear in the form of secondary energy (i.e., using a 
100% efficiency to convert them into primary energy equivalents), 
while geothermal, CSP electricity and nuclear electricity are counted 

Table 3.5 Calculation of methods for total primary energy equivalents

Physical 
 energy content 

(%)

Direct  
equivalent 

(%)
Substitution 

(%)

Power: Fossil fuel country specific (range 27-57)

Power: Nuclear 33 100

country specific  
(range 27-57)

Power: Solar PV, 
wind 100 100

Power: Hydro, wind, 
tide/wave/ocean, 
solar PV

100 100

Power: CSP 33 100

Power: Geothermal 10 100

Power: Biomass country specific (range 15-47)

Industry/buildings 
heat: Solar thermal 100 100 90

Industry/buildings 
heat: Geothermal 50 100 90

Industry/buildings 
heat: Biomass 100 100 100

Liquid biofuels 100 100 100
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primary energy using the average efficiency of the fossil fuel power 
and heat plants otherwise required to produce these quantities.

Table 3.5 provides a comparison of the conversion efficiencies used when 
estimating the primary energy estimates. If one wants to compare the 
share of coal power to wind power, the conversion efficiency of a coal plant 
would need to be used to estimate the total amount of coal substituted 
to generate the same amount of power. So coal’s primary energy 
equivalent (lumps of coal) is three times greater than its final energy 
value (electricity); a focus on primary energy then greatly overstates 
coal’s contribution. In comparison, three times less wind energy would be 
required in primary energy terms according to physical energy content 
and direct equivalent methods since the conversion efficiency is 100%. 
According to the substitution method, the primary energy equivalent of 
wind would be higher compared to the other two methods because the 
conversion efficiency for wind is equivalent to the average efficiency of 
the conventional fossil fuel/nuclear system substituted.

Final energy can also be defined in different ways. GFC used by EU 
countries is defined as “the energy commodities delivered for energy 
purposes to industry, transport, households, services including public 
services, agriculture, forestry and fisheries, including the consumption 
of electricity and heat by the energy branch for electricity and heat 
production and including losses of electricity and heat in distribution and 
transmission”, according to Renewable Energy Directive 2009/28/EC (EC, 
2009). In comparison, total final consumption (TFC) excludes the losses 
of electricity and heat in distribution and transmission, and therefore its 
value is lower than GFC for the same country. TFEC has the same system 
boundaries as TFC, but it excludes non-energy use.

As suggested by the Global Tracking Framework, REmap 2030 uses the 
TFEC accounting methodology to estimate the renewable energy share 
in the global energy mix (World Bank, 2013a). The renewable energy 
share in 2030 could also be expressed in any of the other accounting 
methodologies but would yield different shares and country rankings.

Figure 3.15 compares the renewable energy shares in REmap 2030 based 
on TFEC and TPES separately for physical energy content and substitu-
tion methods (and including traditional use of biomass). The growth in 
renewable energy of the 26 REmap countries is 67% when the share is 
expressed based on TFEC. This growth is normalised to 100% in the fig-
ure. When the growth is expressed in terms of primary energy based on 
either of the commonly applied accounting methodologies (i.e., physical 
energy content and the substitution methods), growth would be 20-30% 
higher.

Accounting method matters. It is easier to double the global 
renewable energy share when this is expressed in terms of 
primary energy.

Figure 3.15 Growth in the renewable energy share of the 26 REmap 
countries based on different energy use accounting approaches
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When expressed in terms of primary energy, growth in the renewable 
energy share works out between 20% and 30% higher.
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shown relative to this value.
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The comparison of renewable energy share in REmap 2030 according 
to Figure 3.16 shows that the share differs depending on the accounting 
method. If the share is estimated based on the substitution method, it is 
always higher than if it is estimated based on TFEC. Large differences of 
as much as 15 percentage points exist, for example, in the case of Canada 
or Denmark. According to the TFEC, quantities of power consumed in 
the end-use sectors are regarded as final energy with a 100% efficiency 

(for solar, wind and hydro). Based on the substitution method, renewable 
power accounts for a larger share of the total energy mix as it is converted 
to primary energy based on the average conversion efficiency of the con-
ventional system substituted (see Table 3.5). Therefore, countries with a 
high renewable energy share in the power sector also have a higher share 
in their TFEC, according to the substitution method.

Figure 3.16 Renewable energy share of REmap countries based on different energy use accounting approaches
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When the renewable energy share is estimated based on the physical 
energy content method, the changes compared to the TFEC differ across 
countries. For example, in France, the renewable energy share estimated 
based on the physical energy content method is lower by 16 percentage 
points compared to when estimated based on TFEC. In the case of China, 
the difference is around 8 percentage points. This is mainly because in 
REmap 2030 in both countries, conventional power generation technolo-
gies (mostly nuclear in France and coal in China) continue to account for 
a considerable share of the power sectors’ fuel mix, and conventional 
fuels are converted to primary with conversion efficiencies ranging from 
27% to 57%.

In contrast, most renewable energy technologies have a conversion ef-
ficiency of 100%, hence their contribution to total primary energy is 
lower than the contribution of fossil fuels or nuclear. For countries with 
a high geothermal share, such as Italy, Mexico or Indonesia, the opposite 
relationship is found. Their renewable energy share increases by nearly 
7 percentage points compared to when it is estimated based on TFEC. 
This is because geothermal power has a conversion efficiency of 10%, 
much lower than any of the conventional and renewable power genera-
tion technologies; therefore, it has a large contribution to the total pri-
mary energy of the country.

The estimation of the renewable energy share and its growth are highly 
dependent on the accounting method. Depending on the chosen method, 
the contribution of renewable energy to the total energy mix can easily be 
underestimated, and country comparison could yield misleading conclu-
sions. For comparable monitoring of renewable energy use progress and 
for target setting, consistent definitions and internationally harmonised 
methods of energy accounting should be applied.

3.3.9  Uncertainties in REmap 2030 analysis and identifying the challenges to 
doubling the global renewable energy share

REmap Options represent an expert view of what could realistically be 
achieved with renewables, given today’s decision-making environment, 

the status of a wide range of technologies, the age of current facilities in 
the energy sector, the availability of investment capital and an extrapola-
tion of current market growth into the future. It assumes an evolutionary 
transition instead of a global revolution. All REmap Options together, in 
combination with access and efficiency objectives of the SE4ALL, could 
yield a renewable energy share of as much as 36% in the global energy 
mix by 2030. This would come at a cost of USD 2.5 per GJ of final renew-
able energy.

The result is subject to a range of uncertainties. Policy makers are well 
advised to allow for flexibility in their policy frameworks to accommodate 
such uncertainties. Various methods can be deployed to estimate uncer-
tainties and risk. The following discussion combines formal sensitivity 
analysis and feedback received during various review meetings.

Energy efficiency plays an important role in determining the 
global renewable energy share

For sensitivity analysis, a set of key factors has been identified for the 
global energy mix and the costs of substitution. These factors have 
been varied from the default value within a range considered plausible. 
Figure 3.17 provides an overview of the variables which are considered 
to be key in determining the outcome of the REmap analysis, namely 
energy prices, discount rates, technology development and realising the 
other two objectives of SE4ALL. Either average cost of substitution or 
renewables share has been considered as an indicator for the sensitivity.

The key findings are discussed below:
 ● The sensitivity analysis results in an average substitution cost that 

ranges between USD 0.4 and USD 4.8 per GJ when the energy prices 
and discount rates were changed (equivalent to a cost reduction of 
USD 80 billion to a cost increase of nearly USD 90 billion in 2030). 
 Average substitution costs increase when lower conventional fuel 
prices are used or when higher biomass prices or higher discount rates 
are applied. The change in conventional fuel prices has an effect on 
all REmap Options since renewable energy technologies always sub-
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stitute a fossil fuel or nuclear counterpart. In comparison, the change 
in biomass prices relates only to 60% of the total REmap Options, but 
 affects these options more significantly. Compared to today’s fossil 
fuel supply cost of more than USD 3 trillion, the sensitivity is com-
paratively small. However, a combination of high discount rates, high 

biomass prices and low fossil fuel prices can raise the cost more than 
four-fold. Alternatively, positive deviations can turn the net cost into 
net savings.

 ● Energy efficiency plays an important role in determining the global 
renewable energy share. If the rate of energy-intensity improvements 

Figure 3.17 Results of the sensitivity analysis for substitution costs and renewable energy share
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increases to 3% per year, the renewable energy share would increase 
to about 36% because demand for total final energy is lower. In con-
trast, the renewable energy share would be lower at 32% if energy 
intensity improvements reach 2.3% per year only. In comparison, the 
improvement rate in the 26 REmap countries was only 1.3% during the 
last two decades. If traditional biomass continues to be used as today 
without being substituted with modern renewable energy technolo-
gies, the renewable energy share drops to 30%.

 ● Biomass is a key resource within the REmap Options package. If 
biomass supply is limited to 75 EJ in 2030 (roughly equivalent to no 
energy crops, only residues), the renewable energy share would drop 
six percentage points. Some of this could be compensated by higher 
electrification of thermal end use, but probably not all. The default as-
sumption is a six-fold growth of total liquid biofuels. By 2030, 37% of 
the total amount would be advanced liquid biofuels. If these advanced 
biofuels are not deployed, the renewable energy share would decrease 
by four percentage points. This result suggests that biomass is a key 
uncertainty. Promotion of sustainable and reliable biomass supply as 
well as further development and deployment of emerging conversion 
technologies is a priority.

 ● Increasing the uptake of wind and CSP technologies further raises the 
global renewable energy share only slightly by about 1 percentage 
point. So the growth assumption for wind and solar is a sensitivity of 
secondary importance on a global scale.

The sensitivity analysis helps to show how robust the REmap 2030 road-
map findings are. The analysis also provides the key challenges ahead and 
points to the main uncertainties in realising the findings of this roadmap. 
In order of priority, the following uncertainties can be discerned:

 ● Proper understanding of advantages of a transition and willingness of 
decision makers and the general public to make a transition.

 ● Pushback by established players to maintain the status quo.
 ● Pricing of external effects.
 ● Energy efficiency improvements significantly above historical rates.
 ● Prioritisation of modern renewable energy solutions for energy access.

 ● Simultaneous development of reliable and sustainable biomass supply 
systems and the creating of markets for this biomass. Energy, food, 
water and land use nexus issues complicate planning and are a source 
of investment risk. The price of biomass will depend on scarcity and 
ownership structures. This is a structural source of uncertainty where 
technology learning can only help to a limited extent.

 ● The cost-effectiveness of renewable energy technologies depends 
on technology learning, fossil fuel prices and cost of capital. Cost of 
capital is in turn a function of risk. This includes policy stability risk, 
country stability risk, exchange rate risk and various other factors. 
Risk guarantees, insurances and green bonds are some of the financial 
instruments that can be deployed to mitigate risk. However, it is up 
to policy makers to minimise risk by providing a stable and credible 
policy framework.

 ● Implementation of REmap Options results in at least a doubling of 
the renewable energy share in thermal applications of the industry 
sector and a tripling in the building sector. This is dominated mainly 
by modern biomass, and to some extent by solar thermal resources. 
Compared to today’s limited deployment, the estimated growth will 
be a particular challenge.

The discussion above provides an overview of factors that are of particu-
lar importance for meeting the global doubling objective. On the level of 
individual countries and sectors, the key parameters can vary.

The cost-effectiveness of renewable energy technologies 
depends on technology learning, fossil fuel prices and cost of 
capital.

The analysis points to the importance of hedging strategies, a portfolio 
approach and the need for continuous innovation. It also points to the fact 
that there is a need for active policy engagement to make the transition 
happen. Key components require enabling infrastructure such as biomass 
supply and logistics, an enabling electricity grid and EV recharging infra-
structure.
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Also a consideration is that the doubling in 2030 implies still nearly 
two-thirds fossil and nuclear energy in the mix by 2030. An ongoing 
transition beyond 2030 will require further efforts. It is likely that en-
ergy carriers such as electricity and hydrogen will play an increasingly 
important role, while structural change must continue towards reduced 
energy intensity and increased efficiency. New technologies will be 
needed to broaden the field of renewable energy applications, espe-
cially in end-use sectors.

Through a number of strategies and technology breakthroughs, the 
portfolio of renewable energy technologies can be expanded. Next, the 
infrastructure and technology development strategies as well as the in-
novation needs in view of the challenges ahead are discussed. These are 
represented by RE+ Options, which show how doubling the renewable 
energy share can be ensured – and possibly exceeded with a wider port-
folio of measures.

3.3.10  Alternative approaches: Electrification (REmap-E) and uniform targets 
(REmap-U)

According to the REmap 2030 renewable energy technology portfolio, 
biomass is the most important resource among all technologies due to 
its ability to be used for power generation, biofuels, and thermal applica-
tions in the end-use sectors. It accounts for more than half of the total 
renewable energy use in 2030. If all REmap Options are deployed, about 
two-thirds of the total biomass use in REmap 2030 global TFEC would 
be for heating. The remainder one-third would be shared between liquid 
biofuel use in transport and bioenergy for power generation.

The REmap 2030 analysis shows that biomass resources are large. 
However, affordable and sustainable sourcing of biomass remains as an 
important question. Given the large biomass growth need between 2010 
and 2030, optimising its use by deploying the most cost-effective and 
sustainable (e.g. greenhouse gas (GHG) abatement) options is critical. 
The deployment of alternative resources can help to reduce the depend-
ency on biomass.

For heating, alternatives are limited. As discussed earlier, this is especially 
the case for industrial process heat generation because high temperature 
process heat can only be generated by biomass. In the buildings and 
district heat sector, solar thermal, heat pumps and geothermal are alter-
natives. Although REmap shows that they offer large potential, on-site 
land availability, access of plants/buildings to resources and costs are 
constraints.

Alternatives to biomass for power generation are plenty. Solar PV, on-
shore/offshore wind, CSP, hydro, geothermal, ocean/tide/wave technolo-
gies all have further potential beyond what is estimated in REmap 2030. 
Power sector policies should first start with the deployment of non-bio-
mass renewable technologies. Biomass use for power generation should 
be instead considered with the aim of increasing dispatchable renewable 
power generation and help integrating variable renewables to the grid. 
Another option is to convert coal power plants to biomass ones (e.g. 
Drax power plant in the UK), a strategy for countries where coal plants 
are retiring and for those with large and young coal power plant capacity.

In the transport sector, liquid biofuels play by far the most important role 
to raise the sector’s renewable energy share. Next to the use of biofuels, 
the contribution of electric vehicles and modal shift are small. However, 
both electrification options are commercially viable and their deployment 
could be accelerated instead of liquid biofuel growth.

New technologies will be needed to broaden the field of 
renewable energy applications, especially in end-use sectors.

Electrification also offers the potential to reduce fuel use for heating. 
The case of electrification (including modal shift in transport, electric 
heating/cooling with heat pumps, and industry relocation) is repre-
sented by  REmap-E. In the industry sector, electricity-based process 
for the production of ferrous and non-ferrous metals, or hydrogen can 
save large amounts of fuel. In the buildings sector more heat pumps can 
be deployed to meet the space heating demand. With electricity being 
generated from renewables, and with a higher share of electricity in the 
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end-use sectors, the renewable energy share can still be doubled even 
with lower deployment of bioenergy.

In view of the uncertainties around reaching the total biomass supply 
growth estimated in REmap 2030, electrification for doubling the global 
renewable energy share was analyzed. Electrification as a hedging strat-
egy to reduce biomass dependency is represented by the RE+ Options 
along with other strategies, namely modal shift and industry relocation. 
By deploying these options in addition to the REmap Options, the global 
renewable energy share can be more than doubled.

In REmap-E, biomass demand is assumed to increase to 65 EJ by 2030 
instead of 108 EJ in REmap 2030. This translates to a modest increase of 
approximately 10 EJ in biomass demand by 2030 compared to today’s 
levels. This growth assumes that the biomass demand in the industry 
and transport sectors remain at the Reference Case level. Compared to 
REmap 2030, this is halving the demand in these sectors. In the build-
ing and power sectors, demand is assumed to be reduced even further; 
about one-third below the Reference Case in 2030 (partly also because 
of traditional use of biomass).

In REmap-E, heat pumps deliver the required heat in the building and 
industry sectors instead of biomass. In the transport sector, modal shift 
(public trams, electric buses and trains) replaces liquid biofuel. Increased 
electricity demand of the end-use sectors is supplied by additional solar 
PV and wind on/offshore capacity. Additional solar PV and wind capacity 
also generates the power which would have otherwise been generated by 
biomass. In REmap-E, some industry plants are relocated. New capacities 
for electricity-intensive processes, namely primary aluminum smelters, 
electric arc furnaces and chlor-alkali plants are moved to locations such 
as the Middle East and Africa, Russia and Greenland. This raises electricity 
demand in these regions and this demand is supplied by additional CSP 
with storage, hydro and geothermal power plants.

The electrification strategy – REmap-E – described above takes the global 
share of modern renewable energy to 30%, around the same share as 

estimated for REmap 2030 (30% with energy access factored in, but not 
energy efficiency). Hence a mix of different electrification technologies 
supported by modest growth in biomass use can result in a doubling of 
the global renewable energy share.

Total renewable energy needed to double the global renewable energy 
share reduces from 132 EJ to 118 EJ due to the higher efficiency of elec-
trification technologies to provide the same energy service. Better effi-
ciency also effects the TFEC worldwide at a similar magnitude, resulting 
in identical renewable energy shares in both REmap 2030 and REmap-E.

Other important changes in REmap-E concern the decrease in the share 
of biomass in total global renewable energy use from 60% in REmap 2030 
to 42%. In comparison, the contribution of renewable power increases 
from 37% in REmap 2030 to 51% in REmap-E. At sector level, there are 
also important changes. The share of electromobility doubles compared 
to the case of REmap 2030. The share of biofuels is halved from 13% in 
REmap 2030 to 6% in REmap-E. Total biomass share for heating/cooking 
decreases from 40% to 32%.

Through electrification technologies, the renewable energy use 
to double the global renewable share in 2030 would be 118 EJ 
instead of 132 EJ.

Another strategy for doubling the global renewable energy share is repre-
sented by the case of REmap-U. In this case, all countries are assumed to 
reach at least 30% renewable energy share by 2030 regardless of where 
they stand today. While some countries would need to substantially in-
crease their renewable energy shares from today’s very low levels (e.g. 
UAE) to 30%, others would meet, or even surpass, this level according 
to their business as usual (Reference Case) development (e.g. Denmark, 
Brazil, Germany).

A number of technology options and strategies are required to ensure 
that all countries reach at least 30% by 2030. According to REmap-U, the 
first strategy is to reduce energy demand by the implementation of ener-
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gy efficiency measures. Depending on the energy consumption growth of 
any given country and its current energy intensity, the reduction potential 
would differ. For fast growing countries a total energy saving potential of 
up to 10% is assumed compared to their Reference Case (three-quarters 
of the absolute energy savings are assumed for heating/transport fuels 
and 25% for electricity use). The second strategy involves utilising in-
creased electrification technologies for countries which do not achieve 
30% after the REmap Options and energy efficiency improvements are 
considered. These electrification technologies for each country are the 
same as those used in REmap-E, with the exception of industry relocation, 
which is not considered. However instead of the technologies substitut-
ing biomass they instead substitute fossil fuels. Finally if the country has 
not yet reached 30%, the third strategy is to make more use of biomass 
imported from countries which already achieved their 30% share. This 
requires international trade of even higher volumes of biomass. However 
total world biomass demand does not change, rather its use is shifted 
from one country to another. Therefore by improving energy efficiency, 
introducing electrification in the end-use sectors, and increasing biomass 
trade, all countries can achieve at least a 30% renewable energy share.

Figure 3.18 compares the renewable energy share of REmap countries 
according to the cases of REmap-E (dark orange bars) and REmap-U 
(light orange bars) with REmap 2030 (green bars) and the Reference 
Case (blue bars). In REmap-U, all countries reach at least 30% renewable 
energy share. Denmark, Brazil, Germany, Canada and several others reach 
even higher shares as their Reference Case is already higher than 30%. 
As a result the global renewable energy share in REmap-U reaches 32% 
even before energy access needs are considered. Some countries need 
to make an enormous effort compared to their current levels and even 
beyond their national plans such as Russia, South Korea or Saudi Arabia.

In REmap-E, electrification takes the renewable energy share of most 
countries higher than what is achieved in REmap 2030. In some others 
(e.g. the US, Indonesia), REmap-E is slightly lower than REmap 2030. 
This is explained by the fact that the amount of biomass in the REmap 
Options is considerable and difficult to meet with electrification technolo-

gies alone. In the case of the US, large additional potential of biomass for 
industrial process heat generation is assumed as REmap Options, and 
in Indonesia there is a large amount of additional liquid biofuels poten-
tial. While efficient electrification technologies supplied with renewable 
power generation capacities fulfil the same useful demand, the amount 
of final energy required is lower compared to REmap 2030.

Electrification in end-use sectors results in an increase in the installed 
renewable power plant capacities since all renewable electricity demand 
is supplied via renewable sources (Table 3.6). Total global installed renew-
able power capacity increases by nearly 60% from about 4 870 GWe in 
REmap 2030 to 6 455-8 055 GWe in REmap-E. The installed capacity for 
solar PV and CSP triples. Global solar PV reaches 2 500-3 600 GWe and 
solar CSP 290 GWe. Wind onshore/offshore capacity also increases from 
approximately 1 635 GWe to 1 900-2 400 GWe. Compared to REmap 2030, 
much higher growth in capacity deployment is required but these totals 
heavily depend on how the increased power generation sourcing need is 
allocated. However, what is clear is that there will be a need to integrate 
even higher penetrations of variable renewable, and this could present a 
challenge to for REmap-E. In REmap-U, there is no change in biomass de-
mand, but an increase of about 10 EJ in international biomass trade. The 
increase in renewable power capacity (solar PV and wind) is also limited.

Table 3.6 Global biomass demand and trade and power generation 
capacity

REmap 2030 REmap-E REmap-U
Total biomass demand (EJ/yr) 108 65 108
Biomass trade (EJ/yr) 23–40 5–15 35–50
Hydro (GWe) 1 600 1 640 1 600
Wind onshore/offshore (GWe) 1 635 1 900–2 400 1 650–1 800
Solar PV (GWe) 1 250 2 500–3 600 1 600–1 900
CSP (GWe) 83 290 83
Biomass (GWe) 390 125 390
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The substitution costs of transport modal shifts and industry relocation 
would be much higher compared to the biomass-based technologies. 
However, heat pumps costs are comparable. In some cases more passen-
gers can use the existing tram and train network at zero additional cost. 
However achieving the substantial modal shift in transport according to 

REmap-E requires investments in the development of new vehicles and 
infrastructure.

Initial estimates have the global average substitution costs increas-
ing from USD 2.5 per GJ in REmap 2030 to about USD 5-12 per GJ in 

Figure 3.18 Comparison of renewable energy shares in Reference Case, REmap 2030, REmap-E and REmap-U by countries
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Improved energy efficiency, introducing electrification in the end-use sectors, and increasing biomass trade, would be needed to achieve at least 30% 
renewable energy share in all countries.
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 REmap-E (Table 3.7). This is equivalent to net incremental system costs 
of USD 205-500 billion per year. Compared to REmap-2030 costs of 
USD 125 billion, this is an increase of USD 80-375 billion per year in 2030.

Costs of REmap-U are also estimated to be higher than REmap 2030. Ac-
cording to Table 3.7, substitution costs of REmap-U are estimated to be 
USD 3-10 per GJ, and the related net incremental system costs at around 
USD 180-600 billion per year in 2030. There are two reasons to this in-
crease. The first one relates to the increase due to modal shifts. The second 
one, and the more important, is related to the international trade of bio-
mass which is required to raise the renewable energy share in all countries 
to 31%.

3.4 RE+ Options: Going beyond a doubling

3.4.1  A portfolio approach to deal with uncertainty and risk

The previous chapter has shown the main challenges, uncertainties and 
risks for successful deployment of the portfolio of technologies according 
to the REmap 2030 roadmap.

The set of power sector transition options – 40% of the total modern re-
newable energy uptake to raise its renewable energy share worldwide to 
44% by 2030 – is robust compared to those in the three end-use sectors.

Doubling the global renewable energy share by 2030 relies heavily on 
the success of biomass. More than 70% of the total biomass potential is 
located in heating and transportation applications. If the biomass-based 
transition in the end-use sectors does not materialise, other renewable 
energy carriers must be considered. These strategies include:

 ● More electrification: heat pumps for heating, direct use of electricity 
as a fossil fuel substitute;

 ● Production of hydrogen, biogas and/or synthetic natural gas and de-
livery through existing gas pipeline systems;

 ● Wider use of district heating systems in combination with renewable 
heat generation;

 ● More-seasonal heat and cold storage;
 ● Relocation of demand to centres of supply: for example, move industry 

to hydropower locations and arid locations with solar power;
 ● Adjust demand to meet supply: redesign industrial processes to use 

variable renewable electricity (e.g., steel making and water desalina-
tion); ensure that future buildings are energy efficient and able to 
operate with low-temperature heat supply.

These strategies are either more costly or require a longer gestation time, 
as the technology solutions are not mature. Likewise, the life span of ex-
isting capital stock extends well beyond 2030; therefore, existing plants 
have not been included in the core group of REmap Options.

More than 70% of total biomass potential lies in heating and 
transportation applications.

There could also be breakthroughs in some technologies selected already 
among the REmap Options, or their deployment could fail. These devel-
opments would also affect the global renewable energy share.

The rest of this chapter elaborates on the strategies which would be re-
quired to deal with the uncertainties and risks and how the portfolio of 
technologies can be broadened for doubling the global renewable energy 
share and going beyond.

Table 3.7 Comparison of the global renewable energy share and costs

RE share 
in TFEC 

(%)

Substitution cost 
(USD2010/GJ 

TFEC)

Incremental 
system cost (bln. 

USD in 2030)
2010 18% NA NA
2030 Reference Case 21% NA NA
REmap 2030 30% 2.5 133
REmap-E 30% 5-12 205-500
REmap-U 32% 3-10 180-600
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Strategy 1: Increase the share of electricity use in end-use sectors

Modal shift

In the REmap Options, a large share of land transportation for passengers 
and freight still operates with engines combusting either biofuels or fossil 
fuels. The share of electricity use in the transport sector remains small but 
could be increased in a number of ways. Passengers travelling by plane 
or car could switch to high-speed trains, electrified public transporta-
tion, electric vehicles or sharing schemes. Truck-based long-range freight 
transportation can also be replaced by trains in many cases.

Demand for some travelling can also be reduced to some extent with 
sustainable city planning, if, for example, commuters can travel shorter 
distances with bikes or trams.

Free parking for electric vehicles in cities, expanded rail freight possi-
bilities and better urban public transportation (e.g., subways, trams) are 
some examples of policies to accelerate modal shifts. Large infrastructure 
development to support such a transition will be required.

Electrification

The share of electricity use in the building and transport sectors increases 
in the REmap 2030 by about 4-8 percentage points to about 30% by 2030, 
a relatively modest increase, but the electricity share can be increased fur-
ther to meet the heating and cooling demand of both sectors. Efficient 
deployment of electricity is key – for example, based on heat pumps.

It is already common in the primary aluminium sector for smelters to be 
located next to hydropower plants to ensure the continuous supply of 
cheap electricity, e.g. in Iceland, Norway and Mozambique (Reinaud, 2008). 
Where aluminium production is expected to grow, the relocation of plants 
next to renewable electricity plants is an option considered in this study. 
New industrial process technologies can be developed to substitute heat-
based production processes (discussed under breakthrough technologies).

The thermal efficiency of buildings can be improved significantly with 
Passive House architecture for new builds to reduce demand for fuels. 
With increased use of efficient electric appliances for heating, cooling and 
cooking (e.g., heat pumps and electric cook stoves), the electricity share 
in buildings can be increased further.

Strategy 2: Early retirement

Renewable energy deployment depends on the current age of the capital 
stock and how much of that will exist by 2030. Forty years is a typical 

Box 3.4 Bio-based feedstocks
This study does not assess the substitution potential of fossil fuels as feed-
stocks for chemical and polymer production because these are excluded 
from total final energy consumption (often referred to as “non-energy 
use” in energy statistics). Today, fossil fuel feedstock represents about 5% 
of the total primary energy supply. With increasing demand for polymers 
in different branches of the economy (e.g., packaging, transportation and 
construction), demand for feedstock will gain more importance in the next 
few decades. Biomass offers the only alternative to the use of fossil fuels in 
feedstock applications.
Biomass can be used to produce all types of chemical and polymers, such 
as polyethylene terephthalate (PET) used in bottles, or ethylene which is 
the building block of the organic chemical sector. Today, the global capac-
ity of bio-based polymers has reached 1.4 million tonnes (EB, 2013), about 
0.6% of global polymer production. An example of bio-based chemicals 
produced today is polylactic acid (PLA), an alternative to PET (Shen, Haufe 
and Patel, 2009); research also focusses on the development of other al-
ternatives such as polyethylene furandicarboxylate (PEF) (Avantium, 2014). 
A plant in Brazil also produces bio-based ethylene from the dehydration of 
sugar cane-based ethanol. There are many opportunities in the future for 
bio-based feedstocks to gain a larger market share, as R&D shows.
Consideration of wood and natural fibre-based materials as a substitute for 
synthetic organic materials and wood as building materials to substitute 
for bricks and concrete are other options for biomass to substitute bulk 
materials.
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Strategy 3: Emerging and breakthrough technologies

Hydrogen as renewable energy carrier

Hydrogen produced from renewable electricity or biomass to be used in 
fuel cells is a renewable and energy efficient alternative to internal com-
bustion engines in transportation. Limited amounts of hydrogen can be 
added to natural gas pipelines for industrial use. Hydrogen can also be 
used as a raw material for the production of various chemicals, such as 
ammonia or methanol. Hydrogen can also be used as an electricity stor-
age medium.

technical life span for power plants, for example. In that case, around 
60-65% of the existing fossil fuel and nuclear capital stock will still be in 
operation by 2030, while the remaining 35-40% will be eligible for re-
placement. If early retirement of the remaining capacity is considered, the 
potentials for renewables would grow substantially. As with power plants, 
a large share of the global stock of gas pipelines, refineries, buildings 
and industrial plants will remain in operation by 2030. Early retirement 
in these sectors would create additional potential for renewable energy.

Early retirement of existing plants can accelerate the deployment 
of renewable energy in final energy consumption.

Box 3.5 Age of capital stock, planned investments and early 
 retirement

Figure 3.19 shows the age profile of existing fossil and nuclear power plants in 
the Platts database, representing a total of nearly 4 000 GWe (Platts, 2013).

Coal-fired power plants account for nearly half of the total existing capacity 
(1 800 GWe), and nuclear power plants for about 10% (340 GWe). If today’s 
planned capacities are all realised in the coming years, total installed fossil fuel 
and nuclear power plant capacity would increase by 40% to 5 330 GWe. Most 
planned capacity is related to coal-fired plants (925 GWe). This would raise the 
total existing coal-fired power plant capacity by half. Planned natural gas-fired 
plants (450 GWe) represent about 40% of its total existing capacity.

More than 85% of the total planned coal-fired power plants, and about half 
of all planned nuclear and oil-fired power plant capacities, are in China, India 
and other developing Asian countries. Planning procedures are flexible and 
efficient in some of these countries, which would allow the planned fossil fuel 
and nuclear capacities to be adapted with renewable alternatives if there is 
sufficient push from policy makers. For other regions, renewable energy strat-
egy and policies are required to avoid construction of these planned capacities 
and instead to deploy renewable energy technologies.

Figure 3.19 Age profile of existing fossil and nuclear plants
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The average age of the capital stock worldwide ranges from 18 years (natural 
gas) to 27 years (nuclear). The newest plants (mostly younger than 20 years) 
are in Asia, Latin America and the Middle East. The oldest plants are in Europe 
and North America (Platts, 2013).
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Forty years is a typical technical life span. Plants can run longer, for example 
because of the difficulties in construction (e.g. nuclear power plants), but then 
usually require major refurbishment. Figure 3.19 shows that around 40% of 
coal capacity, a quarter of natural gas, more than half of all oil capacity and 
four-fifths of nuclear capacity will be more than 40 years old in 2030 and 
therefore eligible for replacement in the REmap analysis. Around 35-40% of 
existing fossil and nuclear capital stock is eligible for replacement.

The share of capacity in each world region that would be eligible for replace-
ment depends on the age of the capital stock. With the exception of Asia, 
Latin America and the Middle East, more than 70% of the coal capacity world-
wide was built before 1990. Only the economies in transition have a high share 
of natural gas power plants built before 1990 (70%). For nuclear power plants, 
Asia and Latin America countries have only 30% built before 1990, while more 
than 80% of the plants in other regions were built before 1990.

While these capacities will be eligible for replacement, demand will also contin-
ue to grow, as will total installed capacity – from 5 183 GWe today to somewhere 
between 8 000 GWe and 9 000 GWe. The number will depend on the type of 
technology deployed; variable renewables will have a lower capacity factor, so 
more capacity will be needed to arrive at the same output. Thus, around three-
quarters of total power generation capacity in 2030 represents the market 
potential for renewables, if early retirement of existing plants is excluded.

Figure 3.18 also shows the new capacities which are considered or planned 
to be built in the coming years: 1 000 GWe of new coal, 450 GWe of gas and 
smaller amounts of oil and nuclear. More coal and natural gas capacity is 
planned compared to the total capacity that could potentially be retired by 
2030. Coal and natural gas power plants will thus remain important in most 
parts of the world. The majority of new coal capacity is planned in China. Most 
natural gas plants are planned in Asia, Europe and North America (more than 
60% of the total planned capacity worldwide).

The average age of manufacturing industry plants is similar to that of power 
plants when world regions are compared (see Table 3.8) – in the OECD coun-
tries, between 20 and 30 years for various sectors. The plants in developing 
countries are newer in comparison. Economies in transition have the oldest 
capital stock. Production growth in the next two decades is projected to be 
limited in most OECD countries. The largest growth is projected to be in India 
and other developing Asian, African and Latin American countries. Worldwide, 

50-60% of the existing capacity is estimated to remain in operation by 2030 
(IRENA, 2014d).

There is a large potential for integrating production processes with renewable 
energy technologies in new plants to generate process heat, especially in non-
OECD countries. In comparison, the potentials in OECD countries is lower and 
can be realised only when new plants are built to replace the aging capacity 
that should retire in coming decades. However, revamps could extend the 
lifetimes of these plants, limiting the integration potential for renewables in 
these countries even further.

Table 3.8 Average age of industry sector facilities by region

OECD 
Countries

Developing 
Countries

Industrialised 
Developing 
Countries

Average 
Lifetime

age in years

Iron and steel 25-35 15-20 40 65

Chemical and 
 petrochemical 20-30 10-15 25-30 40

Pulp and paper 20-25 10-25 20-30 40

Non-ferrous metals 25-35 15-25 30-35 50

Non-metallic minerals 25-35 15-20 35-45 50

Source: IRENA (2014d)

Much of the existing coal and nuclear gas capacity will continue to operate by 
2030. The market potential for renewables could be higher if some of these 
plants are retired before their planned amortisation date. Unfortunately, early 
retirement of existing plants tends to be expensive. For example, electricity 
production from a wind plant in China is estimated to cost USD 6.5 cents per 
kWh, 50% more than the production costs of a new coal plant in China (USD 
4.4 cents per kWh). Thus the substitution of a new coal plant with a wind 
plant in China costs USD 6 per GJ of final energy. If an existing coal plant were 
retired before its life time instead (generation cost of USD 1.8 cents per kWh), 
the substitution costs could be as high as USD 15 per GJ (based on competi-
tion with incumbent marginal cost). While early retirement of existing plants 
offers further potentials, they would come at a much higher cost.
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tee that all emerging technologies today will reach commercial readiness 
in the coming years. For these reasons, technological research and inno-
vation are crucial to develop new renewable energy technologies that will 
allow going beyond a doubling and developing cost-effective alternatives 
to fossil fuels. Innovation is not limited to technology. Governmental sup-
port and investment in technological R&D is required to ensure both the 
development of new technologies and the improvement and deployment 
of mature and existing technologies.

Both emerging and existing technologies require innovation for 
further development and deployment.

Examples of emerging possibilities for basic and applied R&D are found 
in areas such as advanced methods for geothermal extraction at low 
atmospheric pressure, new materials for thin film solar cells, organic and 
hybrid solar PV, bio-refineries, energy storage, solar thermal facades and 
innovative mechanisms for wave energy conversion (EC, 2013). Various 
governments have already identified these R&D opportunities and in-
vested substantial financial efforts and human resources to stimulate the 
deployment of innovative technologies.

One example of these endeavours is the UK’s commitment to the devel-
opment of ocean technologies by granting and funding RD&D, analysing 
mechanisms to de-risk pre-commercial arrays of ocean energy technolo-
gies and streamlining the licencing process of the technological proto-
types that have already overcome the “valley of death” in the innovation 
process. Also, Germany recognises technology innovation as a crucial 
element in its energy transition (Energiewende) to reach a share of 80% 
renewable energy in the power sector by 2050 (Böll Foundation, 2013a).

During the last two years, IRENA has worked on some of the specific 
instruments listed, such as RD&D co-operation, technology transfer, Qual-
ity Infrastructure (QI) and Intellectual Property Rights (IPR). Figure 3.20 
shows the points of intervention of the four innovation instruments in the 
life cycle of technologies.

Synthetic natural gas
Synthetic natural gas (SNG) is a renewable alternative to fossil-based 
natural gas. It can be used directly in existing natural gas grids. SNG can 
be produced from the gasification of biomass and cellulosic material. It 
is also similar to the application of upgraded biogas and can be used in 
all applications where natural gas is used today, such as power and heat 
generation. The size of SNG plants is expected to reach up to 200 MW. In 
Sweden, E.ON is building a plant for the high-temperature gasification of 
second-generation biomass from forests for SNG (the “Bio2G” project). 
The plant is expected to start operation in 2015 (EBTP, 2013). Biogas up-
grading and pipeline injection is growing, for example in Germany and 
Sweden.

The REmap Options show that a mix of technologies must be deployed in 
the next few decades. Continuing to increase the renewable energy share 
in the global energy mix beyond 36% will require different strategies and 
breakthrough technologies. New energy policies will be required, barriers 
for renewable energy deployment need to be eliminated, and innovation 
in technology development will be key. Because the development of new 
technologies can take decades, an innovation push is needed now if the 
renewable energy share is to grow further.

3.4.2  The need for innovation: patents, RD&D, technology transfer and 
 quality assurance

REmap 2030 suggests that it is possible to double the global renewable 
energy share. However, there is still a two-thirds reliance on non-renew-
able energy. Part of that will be resolved over time as old capital stock 
retires, but part of energy use is in markets where renewables have a dif-
ficult stand because of economics and technical feasibility. These include, 
for example, the substitution of fuels for aviation and shipping, fuels used 
for process heat generation and as feedstocks industry, and to an extent 
the fossil fuel demand of the existing building stock.

It does not mean that if a technology has considerable potential, it will be 
deployed at that same magnitude in 2030. Moreover, there is no guaran-
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RD&D co-operation applies to the first stages of the technology life cy-
cle (basic and applied R&D/demonstration phases). Here, co-operation 
reduces investment costs and adapts technologies to local needs. Co-
operation among countries, sectors (private and public) and institutions 
(intergovernmental organisations, non-governmental organisations and 
academia) helps to transmit knowledge, scale up technologies, finance 
RD&D, better use human resources, enhance access to decision makers 
and opinion leaders and create critical mass and continuity.

Technology transfer fosters demonstration, market development and 
commercial diffusion. It stands for “the making available to a recipient of 
industrial and agricultural processes and products and the relevant ena-
bling technology for practical realisation”. Some of the means by which 
technology transfer is achieved are ‘the disclosure of results from re-
search and development, the licensing or assignment of intellectual prop-

erty rights related to such results, exchange 
of information, education and training, and 
joint ventures’ (OECD, 1996).

QI certificates appraise conformity agree-
ments for quality services: metrology, 
standardisation, testing, certification and 
accreditation (Harmes-Liedtke and Oteiza 
Di Mateo, 2011). QI enables long-lasting 
technological solutions by reducing the re-
placements needed in technological plants 
and equipment, thus directing the capital 
that would be aimed at repairing infra-
structure towards the deployment of new 
technology. In this way, QI reinforces the 
reliability of renewable energy technology 
markets and helps spread awareness about 
technological achievements and the ful-
filment of energy needs (Gonçalves and 
Peuckert, 2011).

IPR, patents and licences boost innovation by ensuring that inventors 
have a certain monopoly over the benefits of their creations. Researchers 
and investors cover the large expenses that R&D activities entail in this 
way. On the other hand, extreme IPR may slow down innovation growth. 
Further investigation of the role of patents and their use for accelerated 
renewable energy dissemination and deployment is needed (IRENA, 
2013h). For example, the role of patent information in the development 
of new technologies is an issue for debate.

Technological innovation is crucial to push the current trends of 
renewable energy deployment to commercial scale. However, 
penetration of novel technologies in technology markets is a lengthy 
process. Therefore, strengthening the efforts to boost technological 
innovation today is essential to see commercial technology solutions in 
decades to come.

Figure 3.20 Innovation in the technology life cycle
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Patenting and licensing, high-quality infrastructure, research and development co-operation, and tech-
nology transfer are the main means of innovation instruments in the technology life cycle.

Source: Adapted from Tawney et al. (2011)
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Reaching technology readiness requires significant investments in R&D, 
co-operation of the principal actors and stakeholders, creation of net-
works, as well as time. Table 3.10 shows that the time for innovation to 
commercial readiness is higher by a factor of three in the energy sector 
(10-15 years) compared to, for example, the information and communica-
tions technology (ICT) and telecommunication sectors (1-5 years). This 
means that if R&D starts now, it will reach maturity for market uptake 
only after 2030.

Table 3.9 also shows other differences in innovation in the energy sector 
compared to others. Such differences include the high capital required 
to innovate and the low risk tolerance. These differences indicate that 
experience from other technology sectors cannot be used simply as a 
reference for the energy technology sector when discussing the chal-
lenges towards and pace of technology innovation and transformation. 
The aforementioned characteristics of innovation in the energy sector 

need to be addressed when designing plans and support mechanisms to 
develop and commercialise renewable energy technologies.

Reaching commercial readiness means that a technology is ready to 
start its path towards commercialisation. However, this does not imply 
a significant penetration rate in the market. In fact, experience in the 
energy sector has shown that obtaining a considerable market share 
could require a longer time than all other steps of technology develop-
ment combined.

A number of examples can be further discussed to understand how inno-
vation played a role in the development of some of today’s commercial-
ised technologies in the energy sector. Examples include wind turbines, 
solar PV, sugar cane ethanol and EVs. These are also among the key 
technologies, according to REmap 2030, which contribute to doubling 
the renewable energy share in the global energy mix.

Table 3.9 Innovation in various sectors

Pharmaceutical Software & IT Energy

Time Required to innovate 10–15 years 1–5 years 10–15 years

Capital Required to innovate Medium to High Low to  
Medium High

New Products Primarilly Differentiated By Function/Performance Function/Performance Cost

Actors Responsible for Innovation Large Firms Reinvesting in R&D;  
Biotech startups, often VC & govt. 
funded; Govt. (NIH, NSF)

Dynamic Startups, often VC-funded; 
Large Firms Reinvesting in R&D

Various: Utilities, Oil & Gas Co.s,  
Power Tech Co.s, Startups, Govt.

Typical Industry Risk Tolerance High High Low

Innovation Intensity High High Low

Intellectual Property Rights Strong Modest Modest

New energy sector solutions take 10-15 years for commercial readiness followed by a period for market uptake. Innovation needs to start today for tech-
nologies to be ready for deployment by 2030.

Source: Adapted from Jenkins and Mansur (2011)
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In Denmark, the pioneer wind power developers initiated research 
on connecting existing wind turbines to the country’s grid in the late 
1940s. However, it took decades to achieve an installed capacity of 
several gigawatts in the 2000s (Boshell, 2006; EERE, 2013; EPIA, 2013; 
GWEC, 2012). Basic R&D played an important role in wind technology 
development, in particular in the innovation of blade materials. But 
there is more room for innovation, such as in improving the efficiency 
of turbines. The development of laser wind turbine control systems to 
measure the speed and direction of the approaching wind could allow for 
better yaw control and increase power production (Schlipf et al., 2011). 
Failure of gearboxes and other components are among the main reasons 
behind increased operation and maintenance (O&M) costs and thereby 
the levelised cost of energy (LCOE) of wind turbines. Digital displacement 
transmission technology, for example, eliminates the need for a gearbox 
(Sharpley, 2013).

Although the capital cost of the technology is currently more expensive, 
reductions in O&M costs are significant. Also, new developments in elec-
trical generators and materials (e.g., for magnets) are important to en-
able the integration of larger machines in power grids. Developments in 
batteries are important for off-grid applications and for generators that 
need to adhere to strict generation profiles. In the coming years, innova-
tion will need to focus on resolving how huge wind turbines in a global 
market can be transported.

For solar PV, innovation has focussed not only on technology 
development, but also on support mechanisms to leverage economies 
of scale and reduce costs by two orders of magnitude. This process took 
five decades. During the 1970s and 1980s, technology development 
was dominated by R&D in efficiency improvement and manufacturing 
processes of crystallised silicon PV panels. An additional decade was 
required for market formation. In order to make the jump from R&D 
to an initial penetration in the electricity market, the focus tended 
towards manufacturing economies of scale through long-term demand 
programmes. From the early 2000s on, efforts were expanded to reduce 
installation costs.

Although R&D played a major role in the first two decades of PV uptake, 
an additional 30 years were required to put in place all the elements at-
tributed to the success of the technology. Apart from R&D, these essential 
elements consisted of long-term demand subsidies, niche market forma-
tion and industrial co-ordination (Nemet, 2012). Innovation will continue 
to play a role in reducing the costs of and deploying new technologies to 
improve the efficiency of solar PV, such as multi-junction solar cells. Other 
emerging technologies include organic materials or nanowire-based solar 
cells. Recent developments in tandem and organic solar PV cells have 
focussed on their increased flexibility and the comparatively easy manu-
facturing process, which allow for rapid scale-up.

Next to wind and solar PV developments, marine-current plants are pro-
gressing rapidly. The importance of continued development of enabling 
technologies for the power sector, particularly power electronics, smart 
grids and storage systems, is also essential. For a real transformation of 
the power market into a renewables-based one, innovation will need to 
encompass a portfolio of technologies.

The case of bioethanol in Brazil reveals that more than three decades of 
intensive co-operation between the government and the private sector 
reduced bioethanol production costs, making the fuel cost competitive. 
The cornerstone of the existing ethanol industry is technological and ag-
ricultural basic and applied research, which enabled innovation 1) in the 
development of different phases of agricultural production, such as new 
varieties of cane, planting systems and fertiliser application; 2) to improve 
the conversion efficiency of sugar cane to ethanol and 3) to improve heat 
and power generation from bagasse. In addition, bioethanol subsidy poli-
cies need to be adapted to meet diverse market requirements. The first 
articulation of these policies occurred in 1975. Current bioethanol policies 
incentivise supply, regulate demand at fixed prices, provide consumer 
incentives, and reduce taxes and licencing fees on bioethanol and flex-
fuel vehicles.

At the same time, the Brazilian government co-operated closely with the 
national oil company, Petrobras, to implement these policies. The mo-
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nopoly of bioethanol distribution was conceded to Petrobras, so subsidies 
were collected from fossil fuel distributors and delivered to bioethanol 
producers. More than 40 years of combined and intensive research and 
policy application were needed to make bioethanol a commercially com-
petitive fuel and to support it with a well-developed industry (Meyer et 
al., 2012).

Innovation needs to meet the six-fold growth in liquid biofuels demand, 
according to REmap 2030, are in the areas of developing advanced bio-
fuels and alternatives to fossil fuel use in shipping and aviation. Combined 
bio-processing and research on enzymes are reducing the production 
cost of biofuels using cellulosic feedstock. Three commercial cellulosic 
biofuel plants are already in operation, the most recent one in Crescen-
tino, Italy, with an estimated annual production capacity of 75 million 
litres of cellulosic bioethanol. This progress will enable the use of a vari-
ety of feedstocks which will not compete with food production, and will 
create new opportunities for biomass availability in semi-arid lands. The 
development and commercialisation of multi-output bio-refineries for the 
production of chemicals and paper next to biofuels is another area that 
innovation should focus on.

Additional challenges related to the deployment of innovative renewable 
energy solutions are technology lock-in and failure risk. The current road 
transport regime is based on an infrastructure that has supported the use 
of internal combustion engine vehicles since the 19th century. The possibil-
ity of electric vehicles to escape the lock-in of liquid fuel-based cars re-
mains limited. On the contrary, investments in R&D, which only gradually 
improves the features of internal combustion engines, surpass by far the 
funds in EV R&D. Limited range and lower maximum speeds for EVs than 
conventional cars remain key technical challenges to be addressed by 
innovation. Furthermore, the lack of infrastructure (public charging sta-
tions) for EVs has curbed their deployment. Nevertheless, technically, EVs 
are reliable and ready to be commercialised. Important breakthroughs 
in batteries and fast-charging have been made in recent decades. Car 
consumers are also substantially evolving towards more environmentally 
friendly means of transport. These steps towards a transition in the road 

transport sector maintain the EV as a technology with high potential in 
the future transportation market.

Although there are numerous emerging technologies, there is always an 
associated risk of failure, and not all emerging technologies of today will 
become successful in reaching full commercial readiness. Two examples 
are biomass gasification and pyrolysis. Trials of biomass gasification and 
co-gasification report outstanding results in converting various types of 
biomass into fuels, heat or power. To some extent, technical issues have 
limited the deployment of gasification, but the main challenge is the high 
cost of gas cleaning (Simell et al., 2009). With regard to pyrolysis, bio-
oil has a complex structure and the main challenge has been identifying 
viable applications, as existing combustion equipment and engines may 
not readily accommodate the fuel based on its properties (E4tech, 2009).

Not all emerging technologies will reach full commercial 
readiness. Innovation and technology development depend not 
only on technological factors, but also on political, economic and 
social factors.

The cases described above show that innovation and technology devel-
opment depend not only on technological factors, but also on political, 
economic and social factors. The time that R&D entails, together with in-
vestments and the co-operation of stakeholders, influence the innovation 
and commercialisation rates.

In conclusion, new energy sector solutions take 10-15 years for commer-
cial readiness followed by a period for market uptake. Therefore, innova-
tion needs to start today for technologies to be ready for deployment by 
2030. Policies need to focus on all emerging technologies and options 
since only a few technologies will become successful, and future success 
or failure is difficult to predict. Innovation should also focus on incremen-
tal improvements in existing technologies which are equally important in 
improving efficiencies and reducing costs.
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Key points

 ● Including net fuel cost savings, REmap 2030 will require net incre-
mental system costs of US Dollar (USD) 93 billion per year above the 
Reference Case in the 26 REmap countries. Important learning effects 
help to keep costs down, as the costs of solar and wind in particular 
will continue to fall.

 ● Net incremental investment needs above the Reference Case by 2030 
amount to USD 200 billion per year. More than 60% of this is in the 
power sector, 30% in the building and 10% in the industry sector. The 
subsidy needs for renewables more than double to USD 238 billion in 
2030 in the 26 REmap countries, especially in the power sector (80% 
of the total), with solar PV and wind accounting for more than 80% of 
the sector’s total. The transport sector’s subsidy needs are largely for 
electrification and advanced biofuels.

 ● Global fossil fuel use will grow by approximately 39% between 2010 
and 2030 in the Reference Case. Implementation of all REmap Options 
could reduce this growth to 12%. Total renewable energy supply will 
exceed individual coal, oil and gas demand.

 ● Renewables will offset more coal consumption by 2030 than it offsets 
natural gas and oil combined. Coal use can be reduced by about 26%, 
and gas and oil use by 15%, compared to the Reference Case in 2030. 

As demand for fossil fuels declines compared to increased renewable 
energy use, prices of fossil fuels will also fall.

 ● The Reference Case CO2 emissions of 41.4 Gt in 2030 could be reduced 
by 8.6 Gt through the full deployment of the REmap Options. REmap 
Options together with energy efficiency could reduce total CO2 emis-
sions to nearly 25 Gt by 2030. This could keep the CO2 concentration in 
the atmosphere from surpassing 450 parts per million (ppm).

 ● Consideration of external effects reveals significant net savings of 
USD 2.3-13.8 per GJ of additional renewable energy for all REmap Op-
tions. These benefits exclude reduced fossil fuel subsidies and fossil 
fuel price decline benefits, and should be considered a conservative 
estimate.

 ● Deployment of all REmap Options will result in 3.5 million additional 
jobs in renewable energy between today and 2030, equivalent to 0.9 
million net jobs added for the whole energy sector. This is one example 
of macroeconomic benefits. Trade balance and economic activity are 
to be assessed.

 ● It is important to consider renewable energy and energy efficiency 
jointly in order to raise the renewable energy share.

4 COMPARISON OF COSTS AND BENEFITS: THE POLICY CASE
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This chapter is divided into three parts. Chapter 4.1 estimates 
the total costs of doubling the global renewable energy share 
by sector and technology. Chapter 4.2 presents the benefits 
from incorporating externalities related to climate change 
mitigation and improved human health due to reduced fossil 
fuel use. Chapter 4.3 discusses the socio-economic benefits 
from increased renewable energy use in REmap 2030.

4.1 Policy cost analysis

Along with basic awareness, a lack of accurate, reliable data 
on the cost and performance of renewable technologies is a 
significant barrier to their uptake. IRENA’s cost-analysis pro-
gramme and publications to date are a response; IRENA has 
the most robust and up-to-date assumptions. Renewables 
are becoming competitive with fossil fuels in countries across 
the world and are already the least-cost option in a grow-
ing number of markets. Data for current costs are extracted 
from the IRENA Renewable Cost Database where available, 
or from other sources if no coverage is available for that par-
ticular REmap country. Projections of cost trends to 2030 are 
based on extending previous analyses conducted by IRENA 
for 2020 or 2030. Chapter 4.1 focuses on the results of the 26 REmap 
countries only, but not for the world as a whole.

4.1.1 Total incremental costs

Total incremental systems costs in the REmap 2030 over and above the 
Reference Case average USD 93 billion between now and 2030 for the 
26 REmap countries. The blue bars in Figure 4.1 represent the annualised 
incremental investment cost; the orange bars represent fuel savings. In 
absolute terms, the incremental investment costs amount to USD 4 tril-
lion from 2010 to 2030. The investments will increase over time as prices 
come down, so incremental investment needs will amount to an addi-
tional USD 200 billion per year in 2030.

Figure 4.1 Annual average incremental capital cost and fuel savings for REmap 
 Options by sector in the 26 REmap countries, 2010–2030
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The largest single contributor to total incremental costs is the power gen-
eration sector, due to the relatively high share of renewables achieved in 
REmap 2030. More expensive renewable resources than in the Reference 
Case have to be exploited to raise the share of renewables to the REmap 
goal. The technology options deployed in power generation result in a 
net incremental investment need of slightly more than USD 150 billion 
per year above the Reference Case. However due to significant cost sav-
ings resulting from fuel savings, the incremental costs in the power sector 
amount to USD 66 billion per year to 2030.

The transport sector is the next largest contributor to total incremental 
costs over the Reference Case in REmap 2030. The transport sector’s incre-
mental costs amount to USD 27 billion per year, driven entirely by increased 
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quirements are by definition higher than the net incremental costs and 
by 2030 are USD 49 billion per year for transport and USD 189 billion per 
year for power generation in REmap over and above the Reference Case.

Additional investments need to be made in the power 
sector.

Subsidies are needed for those options with positive substitution costs, 
assuming that the benefits as discussed later in this chapter are not 
priced. By 2030, subsidies are negligible or zero for around half of the 

Box 4.1 Financing renewables – time for a fresh look?
The time-value of money is an important impediment in financing renewables. 
Compared to fossil fuel technologies, the initial investments in wind and solar 
in particular make up a much larger share of total costs than with fossil fuel be-
cause wind and solar have no fuel costs and little operation and maintenance 
(O&M), so nearly the total cost is incurred in the beginning.

Since financing costs reflect a number of real and perceived risks, chang-
ing the risk perception of finance institutions can have a major impact on 
the overall attractiveness of renewables. Financial institutions express their 
perception of investment risks partly in the weighted average cost of capital 
(WACC) or the discount factor. Renewable energy projects are less attrac-
tive where WACC is high (e.g., in Africa and on islands). WACC depends on 
factors like the equity loan ratio, exchange rate risk, debt audits, Libor rates, 
etc. Some renewable energy projects carry special risk, such as geothermal 
or drilling. Spreading risk can reduce the cost of capital.

The impact of discount factors is particularly high where project developers 
depend on external investors and finance institutions. For example, grid-
connected solar PV systems (without storage) generate less-expensive power 
than diesel generators, and the cost of installing solar PV systems can be 
quickly recovered from savings in diesel fuel. Yet many islands find it more 
difficult to finance projects with solar PV systems than those solely based on 
diesel generators. Institutional investors ask for lower returns than commercial 
banks do, but the former require large “chunks” of loans. Therefore, packaging 
smaller projects into large chunks can reduce the cost of borrowing.

Figure 4.2 Relationship between the discount rate and LCOE for a die-
sel generator and solar PV in a Pacific island
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Figure 4.2 shows – based on a real-life case study in a Pacific island state – 
how critical the discount factor is on the levelized cost of electricity (LCOE) 
of solar PV and a diesel generator. A high discount factor would make it un-
attractive to install solar PV, although it is cheaper overall. Re-evaluating the 
discount factors used for renewable energy projects could change the outlook 
and the deployment of renewables around the world. This financing issue 
is a major barrier to scaling up renewable energy investments, even when 
forward-thinking policies and effective financing vehicles are in place.

fuel costs. In the industry and building sectors, the net incremental costs in 
REmap over the Reference Case are USD 6 billion for industry, but negative 
for buildings at USD 6 billion per year less than in the Reference Case due 
to the large savings in oil and, to a lesser extent, natural gas. This outcome 
is highly sensitive to biomass costs and therefore subject to significant un-
certainty. The result of the REmap Options across all sectors is a total net 
incremental system cost of 93 billion per year in 2030.

These incremental system costs for the transition in REmap are relatively 
modest, as they take into account the impact of the many options that 
have negative costs compared to incumbent technologies. Subsidy re-
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26 REmap countries’ power sectors due to the cost reduc-
tions from technological learning; subsidy needs originate 
from the remaining countries. In the transport sector, sub-
sidies required per country peak within the REmap time 
frame for biofuels between 2017 and 2025 in general, de-
pending on the country, as biofuels become cheaper than 
fossil fuel options1.

No additional subsidies are needed for 
renewables in industry or buildings.

In the transport sector in 2030, most subsidies are there-
fore legacy costs from earlier deployment of renewable 
solutions, with the exception of electrification options; at 
wholesale prices for fuels excluding taxes and subsidies, 
some additional new subsidies are still required. The larg-
est subsidy requirements for electrification (USD 19 billion 
per year) and hydrogen (USD 10 billion per year) account 
for around three-fifths of the total subsidies required for 
transport, with legacy subsidy payments for bioethanol of 
USD 14 billion per year and for biodiesel of USD 6 billion 
per year.

Subsidy needs in 2030 are calculated as USD 238 billion per year in 2030 
for the REmap Options, excluding subsidies for renewables deployed in the 
Reference Case (see Figure 4.3). Around 80% of the subsidy needs in 2030 
are for the power sector, with 20% for the transportation sector. With USD 
32 billion in subsidy requirements in the Reference Case for power gen-
eration and USD 6 billion for transport, the total subsidy needs in Remap 
2030 would be USD 276 billion in 2030. This assumes that all options with 

1 This make the assumed length of subsidy payments for biofuels critical. If subsidies are granted for 
15 years, then these legacy payments would be just USD 31 billion per year in 2030. This scenario 
would be reasonable for conventional biofuels, where installed plant costs are very low, but may be 
too short for some advanced biofuels plants, where capital costs can be a much high percentage of 
total biofuel production costs.

net cost are subsidised for the economic life of the investment2 and that 
no CO2 pricing or other policy instrument price other external costs from 
fossil fuels.

With USD 32 billion in subsidy requirements in the Reference Case for 
power generation and USD 6 billion for transport, total subsidy needs 
amount to USD 238 billion in 2030 (see Figure 4.3). This assumes that all 
options with net cost are subsidised for the economic life of the invest-
ment3 and that no CO2 pricing or other policy instruments price externali-
ties of fossil fuels.

2, 3 Note that this is not typically the case today; subsidy regimes are usually in effect for a shorter 
time period than the economic life of the project.

Figure 4.3 Subsidy requirements by technology in the power and transport sectors for 
REmap Options in the 26 REmap countries, 2030
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Compared to today’s subsidy levels of 
USD 101 billion per year, quadrupling modern 
renewable energy use between 2010 and 2030 
requires tripling of total subsidy requirements in 
absolute terms worldwide. However, per gigajoule 
(GJ) of renewable energy, this translates to a 
halving of the subsidy requirements, from about 
USD 3.3 per GJ in 2010 to approximately USD 1.8 
per GJ. Furthermore, pricing of CO2 emissions at 
USD 20-30 per tonne would reduce the need for 
subsidies and result in the implementation of all 
REmap Options at no cost.

4.1.2. REmap 2030 power sector costs

Renewables account for almost half of new in-
stalled electricity capacity additions worldwide. 
IRENA’s analysis of over 8  000 projects and a 
range of literature sources shows that the rapid 
deployment of renewables, working in combina-
tion with the high learning rates for some tech-
nologies, has produced a virtuous circle which is 
leading to significant cost declines and is helping 
to fuel a renewable revolution.

Renewable power generation technology ad-
ditions in 2012 exceeded 100 gigawatt-electric 
(GWe), with 45 GWe of new wind power capacity 
installed, 31 GWe of solar PV, 30 GWe of hydropower, 3 GWe of biomass, 
1 GWe of CSP and 0.3 GWe of geothermal power (REN21, 2013; EPIA, 2013).

The levelised cost of electricity (LCOE) is declining for wind, solar PV, 
CSP and some biomass technologies, while hydropower and geothermal 
electricity produced at good sites are still the cheapest way to generate 
electricity (see Figure 4.4). Renewable technologies are therefore increas-
ingly becoming the most economical solution for new capacity and for 

new grid-connected capacity where good resources are available. As 
renewable markets expand, renewable technologies and prices are be-
coming more competitive.

In REmap 2030, the average annual additional costs for electricity pro-
duction to implement all REmap Options average USD 66 billion per year 
for the REmap countries between 2010 and 2030, or USD 1.3 trillion over 
the whole period.

Figure 4.4 Weighted average and range for the LCOE by technology and region
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3Additional investment in renewable power generation 
technologies accounts for an average of USD 255 bil-
lion per year over and above the Reference Case, while 
additional costs for biomass feedstocks for power gen-
eration add USD 11 billion per year on average. These 
additional costs are offset by reduced investment in 
conventional generation technologies of USD 97 billion 
per year and reduced fossil fuel and nuclear fuel cycle 
costs which are USD 103 billion lower.

A breakdown of the incremental investment needs is 
shown in Figure 4.5. Onshore wind accounts for 42% 
of the total incremental investment needs in renew-
able power generation in the REmap Options over 
and above the Reference Case, with offshore wind 
contributing a further 10% of the total. Solar PV and 
CSP account for 33% of the total4. Biomass, geothermal 
and large-scale hydro account for the majority of the 
remaining incremental investment needs.

4.1.3 Capital cost for renewable technologies today

There are significant differences in installed capital 
costs among technologies and regions; collecting com-
prehensive real-world project data is thus crucial to 
properly evaluate the costs and potential of renewa-
bles. With the exception of hydropower upgrades and 
biomass co-firing, where the existing investment in 
dams or coal-fired power plants have already been made, the lowest 
capital costs for renewable technologies are for wind and biomass in de-
veloping countries and economies in transition.

The costs of utility-scale solar PV rival those of wind in some regions and 
have not yet finished their downwards trajectory. The installed cost range 
3 

4 The costs related to solar PV in the building and industry sectors are allocated to the power sector.

for wind in the major markets is relatively narrow compared to other re-
newable technologies, not only because of the large share of wind turbine 
costs in the total, but also because of the more homogenous nature of 
wind farm developments.

In contrast, the total installed costs for residential solar PV systems 
in the second quarter of 2012 in Germany were as low as USD 1  600 
per kilowatt-electric (kWe) for the cheapest systems (an average of 

Figure 4.5 Average annual investment needs for renewable power  generation in REmap 
Options in the 26 REmap countries
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Wind and solar projects account for 75% of total investments needed in the power sector 
for renewable energy.
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USD 2 200 per kWe), but rise to USD 8 000 per kWe for 
the most expensive systems in the United States (with 
an average of USD 5 500 per kWe). Some of this differ-
ence can be attributed to structural factors, the com-
petitiveness of the local market, or the impact of policy 
support, but many factors remain unexplained.

4.1.4  REmap 2030 deployment, cost reductions and 
learning investments

In the REmap Options, deployment of onshore wind and 
solar PV accelerates gradually. By 2030, total installed 
capacity of onshore wind in REmap countries reaches 
around 900 GWe, with around 1 400 GWe installed glob-
ally. Compared to total installed capacity at the end of 
2012 reaching this total by 2030 requires more than 
2 times doubling of the existing capacity today5. For 
offshore wind, the growth is much more dramatic, with 
capacity growing from around 6 GWe at the end of 2012 
to around 231  GWe in 2030 worldwide, or more than 
5 times doubling of the existing capacity today.

The rate of growth in deployment of solar PV falls 
between onshore wind and offshore wind, with total installed capacity 
in REmap countries reaching around 970 GWe and 1 200 GWe globally, 
roughly more than 3 times of the existing capacity today.

The recent cost declines for crystalline silicon solar PV modules have seen 
prices drop below the learning curve in 2012 (see Figure 4.6), with aver-
age selling prices of just USD 90 cents per watt in 2012 and further de-
clines to an average of around USD 75 cents per watt in 2013. A slowing in 
price declines is forecast for the next year or two, but with deployment in 

5 According to the experience curve approach, overnight capital costs decline at a constant rate with 
each doubling of cumulative capacity growth. 

the REmap Options by 2030, prices for crystalline silicon modules could 
fall to an average of just USD 30-40 cents per watt in 2030.

With the era of cheap solar PV modules now a reality, solar PV econom-
ics will now be determined predominantly by the success of reducing 
balance-of-system costs and by ensuring that the cost of capital is as 
low as possible. By 2030, solar PV installed costs are expected to aver-
age USD 1 000 per kWe for utility-scale projects and USD 1 500 per kWe 
for small-scale rooftop systems. However, even these cost scenarios may 
prove too pessimistic if solar PV module costs fall further than expected 
and solar PV modules increasingly become building components, at least 
for new builds and where roofs or façades require replacing/refurbish-
ment.

Figure 4.6 Crystalline silicon PV module learning curve, 1979–2013
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Wind turbine prices in markets outside of China and India have come off 
their peak in 2009 (IRENA, 2013b). In China and India, a somewhat dif-
ferent dynamic is occurring, as already low wind turbine prices (around 
USD 600 per kWe) are being maintained, despite growing turbine sizes. 
By 2030, with the REmap Options, turbine prices outside of China and 
India are anticipated to fall from around USD 1 150 per kWe to USD 900 
per kWe, assuming a 10% learning rate6. Average installed costs, including 
connection to the grid, would drop to around USD 1 400-1 500 on average 
outside of China and India in 2030 in the REmap Options, while in China 
and India total installed costs are likely to remain stable at USD 1 300 per 
kWe as increasing labour and material costs, as well as increasing turbine 
sizes, offset learning effects.

The installed capacity of onshore wind, offshore wind 
and solar PV in REmap 2030 could be more than double 
the capacity in the Reference Case.

The outlook for learning effects and cost reductions for other tech-
nologies in the REmap countries are mixed. Hydropower, geothermal 
and some biomass technologies are mature but would see some cost 
reductions from market growth in the REmap Options. Some biomass 
technologies are much less mature, particularly gasification, and can be 
anticipated to have cost reductions of 20-40% by 2030.

For power generation, total learning investments to lower the cost of 
renewables amount to USD 950 billion for REmap countries by 2030 in 
the REmap Options7. A total of 63% of the learning investments are in 
solar, with a further 32% from wind – not a surprising outcome, given 

6 The learning rate is the percentage reduction in capital costs after each doubling of cumulative 
capacity growth.

7 Note that these are the total learning investments for renewables in power generation to 2030. It is 
not the incremental learning investments in the Reference Cases, which cannot be linearly interpo-
lated from the total.

their high share of deployment and higher learning rates than the other 
technologies.

4.1.5 REmap 2030 transport sector costs

Recent developments in the commercialisation of advanced biofuels, bio-
methane and electric vehicles potentially herald the beginnings of widely 
available, competitive renewable options for transport. By 2030, these 
technologies could compete with conventional transport based on fossil 
fuels if support policies are enhanced and expanded.

Renewable energy use is currently low in the transport sector – account-
ing for only 2.5% of energy consumption for all types of transport and 
3.3% for road transport – and will have to grow in the REmap case if a 
doubling of renewables is to occur.

Conventional biofuels have suffered due to the price volatility of feed-
stocks, which are closely tied to food crops. Advanced biofuels – with less 
linkage to food prices – are just starting to be produced at commercial 
scale and need further support for research, development and deploy-
ment (RD&D) to find the least-cost technologies.

With as many as 15 commercial-scale advanced biofuels plants to come 
on line within a few years, more meaningful cost data is starting to 
emerge. The signs are promising: a range of technology pathways are 
being explored amidst competition to prove the efficiency, reliability and 
“up-scalability” of innovative new renewable transport fuels. These pro-
jects, if successful, will lead to larger, more economic plants which could 
provide large reductions in greenhouse gas emissions at costs equal to or 
less than fossil fuels by 2020 if policy support is expanded.

Electric vehicles (EVs) are also part of the intensifying competition, with 
mass-produced plug-in hybrids and pure EVs appearing from a range of 
manufacturers, amidst encouraging signs for mass commercialisation. 
Costs will come down with further deployment, making the outlook for 
EVs in 2020 promising, as long as support policies are enhanced and in-
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vestment grows in the necessary recharging infrastructure. Bio-methane 
could be an important transport fuel but may need investment in refuel-
ling infrastructure to promote uptake.

Figure 4.7 presents conventional and advanced biofuel cost ranges now 
and in 2020. Little change is anticipated between 2020 and 2030; how-
ever, this finding is highly uncertain as it depends on single estimates of 
feedstock costs and the timing of advanced biofuels commercialisation. 
Average estimates of conventional biofuel feedstock price projections be-
yond 2020 are highly speculative, the main reason why little change was 
assumed for this period. Advanced biofuels are only just at the early stage 

of commercialisation, and estimated production 
costs are still high. But with accelerated policy 
support by 2020, it is expected that high cost 
reduction can be achieved. The key challenge is 
proving which technology pathways will work 
reliably at commercial production scales.

As a result of these options and opportunities for 
a modal shift, the total costs of the transition in 
the REmap Options to 2030 for transport aver-
age around USD 19 billion per year between now 
and 2030 in the REmap case (see Figure 4.8). 
The largest single component when evaluated at 
wholesale prices is the additional cost of plug-in 
hybrids and pure EVs at an average annual cost 
of USD 8 billion per year to 2030 in REmap, fol-
lowed by hydrogen from renewable sources used 
in fuel cell vehicles and conventional ethanol, 
both at USD 5 billion per year. Biodiesel (ad-
vanced and conventional) and advanced bioeth-
anol amount to around 2 billion a year each. 
Opportunities for a modal shift and the use of 
increased public transport have negative average 
costs over the period to 2030 in REmap.

4.1.6 REmap 2030 industry sector costs

Renewables can provide process heat and cooling in industry. There are 
also significant opportunities for renewable power generation in industry, 
either in conjunction with process heat production with CHP or as stand-
alone installations (e.g., solar PV on factory rooftops). Biomass use in the 
REmap Options more than doubles, with much of this additional supply 
as both heat and power. The use of solar thermal for low- and medium-
temperature process heat also expands significantly in REmap 2030. The 
net incremental cost for industry in the REmap Options is USD 225 billion 
to 2030, or USD 11 billion per year on average (see Figure 4.9).

Figure 4.7 Conventional and advanced biofuel production costs, 2012 and 2020
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4The incremental investment needs for the REmap Options stem mostly 
(two-thirds of the total) from the deployment of solar thermal for pro-
cess heat. Biomass for process heat (in stand-alone boilers or gasifiers) 
accounts for 13% of the total. Biomass-fired combined heat and power 
(CHP) technologies account for the majority of the remaining additional 
renewable investment needs (see Figure 4.10).

4.1.7 REmap 2030 building sector costs

The building sector accounts for around a third of TFEC. The main end-
uses where renewables can achieve higher levels of penetration are space 
and water heating, space cooling and cooking. In addition, with the de-
carbonisation of the electricity sector, certain electrification options to ac-
celerate the deployment of renewables also become attractive. However, 

achieving access to modern energy services for all and reducing tradi-
tional use of biomass in inefficient cook stoves to negligible levels is not 
only an important goal, but a challenging one in terms of the complexity 
of deployment, if not costs.

With rising fossil fuel prices and the improvement in the competive-
ness of renewables, the REmap Options actually save money compared 
to the Reference Case. The total energy service costs of the sector are 
USD 1 billion lower per year on average to 2030 than in the Reference 
Case (see Figure 4.11).

An important difference from the industry sector is that the electrifica-
tion options used in the building sector, notably geothermal and air-to-
air heat pumps for space and water heating and some electrification of 

Figure 4.8 Annual average incremental costs for REmap Options for 
the transport sector in the 26 REmap countries, 2010–2030

-5

0

5

10

15

20

25

Conventional ethanol

Advanced ethanol

Conventional biodiesel

Advanced biodiesel

Hydrogen

Electrifi
cation of tr

ansport

Modal sw
itch

Total

U
SD

20
12

 b
ill

io
n/

ye
ar  

The main investment cost relates to electric vehicles.

Figure 4.9 Annual average incremental costs for REmap Options for 
industry in the 26 REmap countries, 2010–2030
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4The investment needs in the building sector over and above the Reference 
Case in REmap for renewable technologies average USD 47 billion per 
year to 2030, with around half of this required for solar thermal systems 
for space and water heating (see Figure 4.12). Heat pumps, both geother-
mal and air-to-air systems, account for around 36% of the total.

The key challenge in industrialised countries is that the growth in the 
building stock and the renovation rate are low. The costs for renewable 
options for retrofits, particularly for some electrification options like heat 
pumps, are much higher than for new buildings. In developing countries 
and economies in transition, continued urbanisation, growth in the build-
ing stock and much shorter useful lives of the buildings being built mean 
that there is much greater opportunity for the low-cost integration of 
renewables into the residential and service sectors.

Figure 4.10 Annual average investment needs for REmap Options in 
industry, by resource in the 26 REmap countries
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Solar thermal accounts for two-thirds of investments for renewable 
energy in industry.

cooking, result in increased electricity use. However, even at retail elec-
tricity rates, the combined incremental costs for biomass8 and electricity 
consumption to 2030 are exceeded by the savings in fossil fuel costs. 
The incremental bioenergy and electricity costs in the buildings sector 
in on average USD 30 billion per year between today and 2030. This is 
USD  33  billion per year lower compared to the savings in the energy 
purchases from fossil fuel substitution estimated at USD 62 billion per 
year in REmap 2030.

8 This is the incremental cost of “modern” bioenergy (e.g., biofuels and biogas) used in the sector 
compared to traditional biomass.

Figure 4.11 Annual average incremental costs for REmap Options for 
buildings in the 26 REmap countries, 2010–2030
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4.2 Reduced external effects

Implementing all REmap Options reduces demand for fossil fuels in 2030 
compared to the Reference Case. The change in fossil fuel demand at a 
global level is discussed in the following sub-chapter. Subsequent sub-
chapters discuss the implications of reduced consumption of fossil fuels 
on associated negative impacts, such as greenhouse gas (GHG) emissions 
and adverse human health impacts. To the extent possible, these impacts 
are assessed in monetary terms. Additional benefits of reduced fossil fuel 
consumption, such as increased energy security and reduced adverse 
impacts on ecosystems, are outside the scope of the current analysis.

4.2.1 Reduction in fossil fuel consumption
Global fossil fuel use will grow nearly 40% between 2010 and 2030, ac-
cording to the Reference Case. In comparison, with all REmap Options 
implemented, the resulting fossil fuel consumption in REmap 2030 
grows only 12%. Coal growth would be flat, and oil and natural gas would 
increase by 10% and 35%, respectively. Renewables will offset more coal 
consumption than natural gas and oil consumption combined by 2030.

Renewable energy options can offset more coal 
consumption than natural gas and oil combined.

The total reduction in fossil fuel use with all REmap Options deployed 
is 105 EJ worldwide in 2030 compared to the Reference Case (see 
Figure 4.13). Of this total, 45 EJ is related to end-use sectors: 14 EJ in 
industry, 20 EJ in transport and 11 EJ in buildings. In comparison, total re-
newable energy use (primary energy) will increase by 90-150% in REmap 
2030, depending on which accounting method is applied to measure 
primary energy. Compared to the consumption of different conventional 
fuels, which range between 60 EJ and 160 EJ per year in REmap 2030, 
renewables use will grow to between 160 EJ and 250 EJ per year.

Petroleum products are traded internationally. Lower demand would 
reduce the most costly projected production, which includes oil sands in 
Canada and Venezuela, Arctic oil and ultradeep offshore oil. Typical mar-
ginal production costs in these areas are in the range of USD 50-70 per 
barrel. In comparison, the international price for high-quality oil is around 
USD 110 per barrel, so there is a rent in the range of USD 40-60 per bar-
rel. The average rent for all oil is higher, as the marginal production cost 
can be as low as USD 10-20 per barrel for production in the Middle East.

Gas and coal, in contrast, are traded partially internationally and partially 
in national or regional markets. The price impacts of remote gas fields 
may vary by market – these fields might not be taken into production, and 
connecting pipelines may not be built. The same may apply for liquefied 
natural gas (LNG) projects. Even today, significant amounts of associated 

Figure 4.12 Annual average investment needs for REmap Options in 
buildings, by resource in the 26 REmap countries
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4gas – equivalent to 30% of total gas consumption in the European Union 
(EU) – are flared in producer countries because there is no economic way 
to get the gas to the market. Natural gas prices today vary from USD 5 per 
GJ in the United States to more than USD 15 per GJ in the East Asia region.

With the right policies, renewable energy could become 
the most important energy source worldwide by 2030.

For coal, the gap between prices and the production cost is much smaller. 
The rents in coal are much smaller than for oil and gas, and coal is much 
cheaper per unit of energy than gas or oil. Therefore, it is financially easier 
for governments to forgo coal mining than oil and gas production if lo-
cal renewable energy is available. Also, international coal trade volumes 

are much smaller than oil and gas trade 
volumes. The only major exception is 
Australia, but the bulk of the coal ex-
ported from there is high-quality coking 
coal, which would be least affected by 
the introduction of renewables.

4.2.2  Mitigation of greenhouse gas emis-
sions

CO2 is a GHG that causes the atmosphere 
to heat up and global temperatures 
to rise. The largest source of human-
caused CO2 emissions is the burning of 
fossil fuels to generate electricity, power 
transport and heat buildings.

The Intergovernmental Panel on Climate 
Change (IPCC) estimates that a CO2 
concentration of 450 parts per million 
(ppm) in the atmosphere would result 
in a global average temperature rise of 2 

degrees Celsius (oC) by 2100 (IPCC, 2007b). At the start of 2014, the an-
nual average CO2 concentration in the atmosphere was 398 ppm (NOAA, 
2014). Beyond 2 oC, experts predict serious consequences for the earth’s 
climate (we are currently 0.7 oC above pre-industrial levels). Since the 
Industrial Revolution, the atmospheric concentration of CO2 has increased 
at an accelerating rate, rising by 1 ppm annually during the 1960s and by 
2 ppm annually from 2000 to 2010.

More than 80% of human-caused CO2 emissions come from burning fossil 
fuels. Of that, 44% comes from coal, 36% from oil and 20% from natural 
gas. An estimated 40% of CO2 emissions are stored in the oceans and soil, 
and 60% in the atmosphere. To avoid a further buildup of atmospheric 
CO2, we need to lower energy-related CO2 emissions by 60% from today’s 
levels, to 12.5 gigatonnes (Gt). Given the remaining emissions space we 

Figure 4.13 Global change in energy use due to REmap Options, 2030
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have before reaching 450 ppm, this should be achieved by 2050 at the 
latest.

Assuming a constant pace of reduction, we would need to lower annual 
CO2 emissions from energy to 20.8 Gt by 2030, to keep CO2 levels at 
450 ppm. The IEA says 25 Gt CO2 would be enough; this would require an 
acceleration in emission reductions after 2030.

There are four ways to reduce CO2 emissions from energy use: improving 
energy efficiency, renewable energy, nuclear energy and carbon capture 
and storage (CCS) from fuel combustion. CCS is the technology whereby 
CO2 emissions are caught before they go into the atmosphere. New op-
tions may emerge in the future, such as nuclear fusion, but they are in 
their infancy. It is unlikely that nuclear and carbon capture and storage 
will play a substantial role in CO2 reduc-
tion between now and 2030. Typically 
it takes a decade to build a new nu-
clear plant, and CCS development has 
lagged far behind needed levels (most 
countries have stopped its develop-
ment). This leaves energy efficiency 
and renewable energy. Renewable en-
ergy production does generally emit no 
or negligible amounts of CO2.

Annual CO2 emissions continue to grow 
and could easily reach more than 41 Gt 
by 2030 in the Reference Case (see Fig-
ure 4.14). Assuming that all REmap Op-
tions are carbon neutral, the estimated 
emission savings in the end-use sectors 
of the 26 REmap countries are equiva-
lent to 2.7 Gt of CO2 per year. By 2030, 
about 42 EJ of fossil fuel (mainly coal) 
and nuclear energy could be substi-
tuted in the power sector of the REmap 

countries if all REmap Options are deployed, thereby reducing CO2 emis-
sions by about 3.3 Gt by 2030.

Along with small reductions in the district heat sector (0.2 Gt of CO2), the 
total emissions savings estimated for the 26 REmap countries is 6.2 Gt of 
CO2 in 2030 compared to the Reference Case, equivalent to 8.6 Gt world-
wide and approximately 21% lower than the Reference Case emissions of 
41.4 Gt. When all REmap Options are deployed, CO2 emissions worldwide 
would be 32.8 Gt. REmap Options together with energy efficiency could 
reduce total Reference Case CO2 emissions nearly to the level required for 
the 450 ppm scenario (by an additional saving of 7.3 Gt of CO2). When the 
RE+ Options of early retirement and breakthrough technology are added 
in (an additional 3 Gt of CO2 emissions), annual CO2 emissions could be 
reduced to around 22.5 Gt.

Figure 4.14 Carbon dioxide emission saving benefits of REmap  Options
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Box 4.2 Renewable energy and energy efficiency
One of the Sustainable Energy for All (SE4ALL) objectives is doubling the 
energy efficiency improvement rates.
Historically, global energy intensity – or the amount of energy (in GJ) required 
to produce a unit of economic activity (1 USD of GDP) – has decreased by 
1.3% per year. International goals aim to raise the intensity improvement rate 
to 2.6% per year. Under current policies, the improvement rate will stay at the 
level of 1.3% per year. If all REmap Options are implemented, energy intensity 
improvements would increase to 1.6% per year. Pursuing renewable energy will 
help to achieve energy efficiency goals.
There are two main sources of energy efficiency improvements: greater 
technical efficiency, and structural change that results in the production and 
consumption of goods with lower energy intensity. For example, use of electric 
bicycles instead of cars.
Greater technical efficiency comes from introduction of new capital stock 
(such as modern industrial processes, machinery and buildings) and goods 
(such as modern cars and electronics) with higher energy efficiency. Retrofit 
can also help, for example in the case of buildings. Also use of energy man-
agement systems such as the new ISO 50 001 help to raise the efficiency of 
energy use.
Economies that grow rapidly have more opportunity to improve efficiency 
than those that are stagnant. Economies with ageing capital stock that needs 
replacement also have more opportunity to improve efficiency than those with 
young capital stock. In Organization for Economic Cooperation and Develop-
ment (OECD) countries, energy intensity has dropped by 1% per year; in China, 
it has dropped by 4% per year over the last two decades.
REmap 2030 analysis of ten scenarios shows a clear correlation between 
energy use, energy efficiency and the share of renewable energy (see Figure 
4.15). If there is no change in the rate of efficiency improvement, the world can 
reach a 20% share of renewable energy. If the rate of efficiency improvement 
doubles, it could reach a 40% renewable energy share.
Conversely, a higher share of modern renewable energy technologies benefits 
energy efficiency. Its a combination of technical gains and accounting that 
leads to this result. For many renewables such as hydro, solar and wind, power 
generation is assumed to take place with 100% efficiency. Fossil fuel power 
plant incur a significant energy loss in the conversion from primary fuel to final 
electric energy. Therefore renewables yield significant efficiency gains.
But also for end uses renewables can raise efficiency. Clean cooking based 
on advanced technical stove designs double the efficiency of biomass use. 
Electrification based on renewable electricity increases efficiency. Electric 

vehicles are two to three times as efficient as vehicles with internal combus-
tion engines. Heat pumps can raise efficiency threefold compared to efficient 
gas boilers.

Renewable energy and energy efficiency create a virtuous circle: one en-
hances the other. To reach international objectives for sustainable energy, both 
must be treated jointly.

Countries can raise the energy efficiency improvement rate through standards 
and regulations, as well as financial incentives for new equipment and retrofit. 
They must also encourage innovation of new products and services with lower 
energy intensity. On the demand side, governments can work on city planning, 
public transportation and other areas of structural change. On the production 
side, outsourcing of industrial manufacturing may reduce energy intensity in 
one country, but raise energy intensity elsewhere.

Figure 4.15 Renewable energy and energy efficiency projections in 
global scenarios for 2030
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There are also reductions in other greenhouse gas emissions, such as 
methane (CH4) emissions from the substitution of traditional use of 
biomass. The substitution of 9 EJ of traditional use of biomass in the 26 
REmap countries would abate 10 million tonnes of methane emissions in 
2030. Based on a 100-year global warming potential of 34, this is approxi-
mately 340 million tonnes of CO2-equivalent. When the modern energy 
access objective is considered worldwide (the complete substitution 
of traditional use of biomass worldwide is another 20 EJ), total abated 
methane emissions could reach 30 million tonnes by 2030, or 1 Gt of CO2-
equivalent. Along with 8.6 Gt of CO2 emission reductions from fossil fuel 
use, total greenhouse gas emission reductions are estimated at 9.6 Gt of 
CO2-equivalent by 2030 worldwide.

Renewables and efficiency alone can keep the global 
concentration of CO2 in the atmosphere below 450 ppm.
Figure 4.16 shows the breakdown of CO2 emission reductions by sector in 
the 26 REmap countries in REmap 2030 relative to the Reference Case. 
Approximately half of the total emission reductions in the 26 REmap 
countries are located in the power sector, amounting to 3.3 Gt of CO2 per 
year. This is due mainly to the substitution of carbon-intensive coal-fired 
power plants in most countries. Developing strategies to substitute these 
power plants will be the key to meeting the climate change mitigation 
goals. Total reductions in end-use sectors and the district heat sector 
account for another half (2.9 Gt of CO2 per year). At the country level, 
China, the United States, Canada and India account for two-thirds of total 
emission reduction potential in the 26 REmap countries (see Figure 4.17), 
indicating the importance of their contribution to international climate 
policies.

4.2.3 Reduced negative health effects

All forms of fossil fuel energy generation and energy usage are known to 
have negative environmental and human health impacts. “External costs” 
(also known as negative externalities) are the monetised impacts of these 
effects passed on to society at large without being compensated. Exter-

nal costs are not internalised by the energy provider nor passed on to 
consumers through energy pricing; however, the cost to society remains 
and is “paid” through other means, such as higher healthcare costs or 
lower labour productivity.

Among the well-defined external costs are the negative health impacts 
associated with 1) outdoor air pollution from fossil fuel combustion and 
2) indoor air pollution from the use of coal and traditional use of bio-
mass. Premature deaths attributable to urban outdoor air pollution are 

Figure 4.16 CO2 emission reductions by sector in the 26 REmap 
 countries, 2030
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dominated by energy-related emissions from vehicles and from power 
generation. Note that other important external costs such as ecosystem 
damages due to air pollution, or noise from urban transport, are not as-
sessed in this analysis.

The number of people dying each year from the effects of fossil fuels is 
high. Worldwide, about 2 million people – mainly women and children – 
die annually from illnesses related to indoor air pollution from the use of 
different types of solid fuels. (Indoor air pollution from biomass combus-
tion results in the death of about 0.9 million people per year.)

Figure 4.17 CO2 emission reductions by country in the 26 REmap countries, 2030
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In the 26 REmap countries, half of all emission reductions will come from the power sector; at the coun-
try level, China alone will account for a third of the total emission reductions.

Another 1.5 million people die each year 
from pollution (mainly particulate matter) 
caused by urban transportation. According 
to the World Health Organization (WHO) 
(2008), coal-related air pollution deaths 
have reached 1 million people per year. 
China accounts for half of this total. In India 
alone, 400 000 people have died per year 
because of indoor air pollution caused by 
the combustion of different solid fuels. In 
Africa, pneumonia attributable to cooking 
smoke kills 500 000 children younger than 
five years annually.

According to the study by Lim et al. (2012), 
the three leading risk factors for global dis-
ease burden in 2010 were high blood pres-
sure (6.2-7.7% of global disability-adjusted 
life years), tobacco smoking (5.5-7.0%) and 
household air pollution from solid fuels 
(3.4-5.3%).

Table 4.1 shows fossil fuel use by sector 
in 2010 and 2030 based on the Reference 
Case and REmap 2030. When assessing 
external effects, it is also important to look 

at traditional use of biomass in the building sector, which amounted to 16 
EJ of consumption in the 26 REmap countries.

The indicative external cost range associated with the human health 
impacts are due to 1) particulate matter (PM2.5),  mono-nitrogen ox-
ides (NOX) and sulphur dioxide (SO2) emissions from fossil power 
generation; 2) PM2.5 and NOX emissions from light-duty vehicles and 
3) indoor air pollution associated with domestic use of coal and tradi-
tional biomass. For 2010, the sum of these external costs is estimated 
at USD 325-825 billion per year worldwide (see Table 4.2), with indoor 
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air pollution accounting for about a half of this. The range reflects the 
variation in the method to value mortality, which is about factor of 3.

About half of the total external costs from  indoor 
and outdoor air pollution are related to  the use of 
traditional biomass and coal in the  residential sector.

By 2030, under the Reference Case, fossil 
fuel demand for power generation in the 
26 REmap countries increases, while the 
use of traditional biomass and coal in build-
ings decreases (see Table 4.2). Reflecting 
the trend that the external costs per unit 
of energy should decline due to efficiency 
improvements and more stringent pollution-
control measures for energy systems, the 
external costs related to fossil fuel use in 
the 26 REmap countries are estimated to 
decrease to USD 195-490 billion in 2030 
worldwide (see Table 4.2).

Lower fossil fuel use in the power sector resulting from the REmap Op-
tions reduces external costs by USD 23-60 billion in the 26 REmap coun-
tries (see Table 4.2). China and India will continue to depend on coal for 
power generation by 2030. In China and India, substitution of about 1 140 
terawatt-hours (TWh) and 320 TWh of coal-based power generation, 
respectively, results in external cost savings of USD 5-15 billion and USD 
1-4 billion per year, respectively, in REmap 2030.

The use of traditional biomass and coal in 
the residential sector is expected to de-
crease under the Reference Case in 2030. 
However, combustion of these fuels is ex-
pected to still result in 1 million premature 
deaths by 2030, which translates to external 
costs of about USD 40-100 billion in the 26 
REmap countries. REmap Options substitute 
8 EJ of traditional use of biomass and 2 EJ 
of coal with modern forms of bioenergy and 
other renewables by 2030.

Under the Reference Case, gasoline and die-
sel use in the transportation sector grows, 

Table 4.1 Fossil fuel use in the power, transport and building sectors by energy carrier in the 26 
REmap countries, 2010-2030

Coal (incl. blast furnaces 
and coke ovens)

Oil (excl. international ma-
rine/aviation bunker fuels)

Natural  
Gas

2010 Reference 
Case

REmap 
2030

2010 Reference 
Case

REmap 
2030

2010 Reference 
Case

REmap 
2030

(PJ/yr)
Power (incl. CHP) 81 115 85 6 4 2 29 46 43

Transport 0.1 0.1 0.1 63 87 72 3 4 4

Buildings 4 3 1 10 11 10 20 23 17

Table 4.2 External costs in the 26 REmap countries and globally

2010 Reference  
Case

REmap  
2030

Avoided external 
costs

(USD billion/year)
Power sector (fossil fuel) 125-350 80-220 57-160 23-60
Indoor air (coal and traditional biomass)1 70-165 55-135 15-35 40-100
Transport sector (passenger car fuels) 90-255 35-100 28-80 7-20
Total 285-770 170-455 100-270 70-180
Total – global 325-825 195-490 115-290 80-200

1  These are conservative estimates based on the low-end of externality cost related to indoor air pollution. Based on the high end of externality 
costs found in the literature, the avoided external costs could be USD 135-275 billion per year.
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reflecting the increased use of cars in fast-growing devel-
oping countries. If all REmap Options for transportation 
are implemented – including biofuels, the use of electric 
vehicles and clean solutions for mass transit – the result is 
a total reduction of 17% compared to the Reference Case. 
REmap Options collectively reduce the external costs in 
this sector by USD 7-20 billion compared to the Refer-
ence Case in the 26 REmap countries (see Table 4.2).

In total, if all REmap Options are implemented, exter-
nal costs related to indoor and outdoor air pollution 
from power generation, traditional use of biomass and 
road transport could be reduced by on average 40%, or 
USD 80-200 billion, per year worldwide compared to the 
Reference Case.

The role of externalities applied to specific technologies 
is shown in Figure 4.18. Substitution of traditional use 
of biomass for heating and cooking applications repre-
sents the largest opportunities for cost reduction due to 
prevented health implications and fatalities. Figure 4.18 
shows the substitution of traditional use of biomass with 
modern renewable energy sources with an estimated av-
erage substitution cost of USD 2.6 per GJ. When external-
ities are accounted for, substitution costs can be reduced substantially to 
more than USD -20 per GJ. A weighted average substitution cost for coal 
power plants is estimated at USD 3.4 per GJ for industrialised countries 
and USD 9.6 per GJ for developing countries and economies in transition. 
Accounting for externalities, coal substitution in industrialised countries 
can result in net savings, and could be nearly zero in the rest of the world.

The switch from passenger road vehicles consuming oil to electric or 
hybrid vehicles has a negligible effect on the substitution costs. This 
is explained by the rather narrowly defined system boundaries of the 
analysis, where the focus is limited to 1) health impacts due to air pol-
lution but not to noise, 2) PM2.5 and NOx emissions but not emissions 

of carbon monoxide (CO), SO2 and volatile organic compounds (VOCs) 
and 3) the operation phase, but not the whole life cycle. Therefore, the 
estimates for the external costs associated with the transport sector are 
rather conservative.

4.2.4  Fossil fuel subsidy reductions and substitution costs by sector with 
externalities

Governments and taxpayers pay two forms of energy subsidy:

 ● Pre-tax subsidies, which are what taxpayers contribute to a consum-
er’s energy bill;

Figure 4.18 Effects of health externalities on average substitution costs and benefits for 
specific  technologies in 2030
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Including the external costs of health effects has the largest impact on the substitution 
costs of traditional use of biomass.
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 ● Tax subsidies, which include the cost to society of pollution caused by 
burning fossil fuels and nuclear power, such as environmental degra-
dation and higher health bills. We might consider this second form of 
subsidy as a form of pollution subsidy.

The IEA estimates that governments spent USD 409 billion in pre-tax fos-
sil fuel subsidies in 2010, USD 523 billion in 2011 and 544 billion in 2012: a 
rise of 135 billion in two years (IEA, 2011, 2012d, 2013a). Pre-tax subsidies 
for renewable energy grew from USD 66 billion in 2010 to USD 101 billion 
in 2012, a rise of 35 billion over the same period.

The bulk of tax subsidies were polluter subsidies. According to the Inter-
national Monetary Fund (IMF), tax subsidies for fossil fuels include value 
added tax exemptions (around USD 300 billion per year), the public 
health care cost caused by air pollution (USD 400 billion) and climate 
change (USD 720 billion) in 2011 (IMF, 2013). In contrast tax subsidies 
for renewables are negligible. Fossil fuel tax subsidies exceeded pre-tax 
subsidies by a factor of three.

Pre-tax subsidies in 2012 were more than five times 
higher for fossil fuels than for renewables.

Combining pre-tax and tax subsidies, the world paid a total 
USD 1 900 billion in fuel subsidies in 2011, almost exclusively for fossil 
fuels.  Fossil fuel subsidies exceed 50% of coal, natural gas and crude 
oil supply cost.

Per unit of energy produced, modern renewables get 50% more pre-tax 
subsidies than fossil fuels. But renewable energy solutions produce no 
pollution and reduce healthcare cost. Also these are ‘learning invest-
ments’, which help to reduce technology cost and improve competitive-
ness over time. By contrast, fossil fuel subsidies sustain declining indus-
tries and degrade the environment.

REmap 2030 shows that if we use more renewable energy, we save 
money. REmap Options save between USD 120 to 740 billion on a post-

tax basis in 2030, the net result of additional cost of USD 133 billion on a 
pre-tax basis and savings of USD 255-870 billion in tax subsidies.

Renewables energy subsidies are beneficial, while fossil 
fuel subsidies are harmful.

Implementing all REmap Options would require subsidies of USD 315 billion 
per year – a tripling of renewable energy subsidies compared to the level 
in 2012. Per unit of modern renewable energy delivered, the subsidies 
would halve. This assumes that harmful external effects of fossil fuels are 
not priced. If for example CO2 emissions due to fossil fuel use are priced 
around USD 35 per tonne – a low estimate of the damage they cause – the 
cost of fossil energy supply rise and REmap renewable energy options are 
cost neutral on a pre-tax basis.

Table 4.3 compares the substitution cost of REmap Options by sector 
and the total energy system from the perspective of the government. As 
shown in Chapter 3.3, the substitution costs of the total of all sectors is 
USD 2.5 per GJ. Taking into account the low and high ends of the human 
health benefits would reduce the average substitution costs of all REmap 
Options by USD 1.9-5.1 per GJ.

Taking into account the externalities related to greenhouse gas emis-
sion reductions, the substitution costs could be reduced by USD 2.9 (for 
a price of USD 20 per tonne of CO2) to USD 11.2 per GJ (for a price of 
USD 80 per tonne of CO2).

Renewables energy subsidies can be contained even 
while doubling the share of renewables in the global 
energy mix.

Combining the avoided external costs related to CO2 emissions and hu-
man health achieved through the REmap Options, the average substitu-
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tion costs of the system as a whole would decline from USD 2.5 per GJ to 
between USD -2.3 and USD -13.8 per GJ.

Table 4.3 also shows developments at the sector level. When avoided 
external costs relating to the health and CO2 benefits of the implementa-
tion of the REmap Options are accounted for, the result is cost savings 
across all sectors.

The substitution costs of the building sector show the largest change 
when externalities are included. Air pollution related to the combustion of 
traditional use of biomass in open fires is a major source of health prob-
lems in the developing world. When traditional use of biomass is substi-
tuted with forms of modern renewable energy, the avoided external costs 
reduce the average substitution costs in the residential and commercial 
sectors (buildings) by more than USD 15 per GJ. In the power sector, the 
substitution of coal results in both improved public health effects and a 
significant reduction in emissions. If the avoided external costs relating 
to both health and CO2 are applied to the substitution cost in the power 

Table 4.3 Comparison of substitution costs for the 26 REmap countries and the world as a whole

REmap 
 Options

CO2  Emission 
Savings

Avoided External Costs 
(USD bln/yr)

Substitution Costs in 2030 
(USD/GJ)

(EJ/yr) (Gt CO2/yr) CO2 Human 
health

Excluding exter-
nalities

With human 
health only

With CO2 
only

With CO2 and  
human health

Industry1 11 0.9 18 – 70 8 – 30 5.0 2.2 – 4.3 -1.6 – 3.3 -4.4 – 2.6

Buildings2 8 0.6 16 – 50 40 – 100 1.6 -9.8 – -3.2 -4.1 – -0.3 -15.5 – -5.1

Transport 9 1.2 17 – 80 7 – 20 -4.1 -6.2 – -4.8 -12.4 – -6.0 -14.5 – -6.7
Power 12 3.3 69 – 260 23 – 60 5.7 0.6 – 3.9 -15.3 – 0.1 -20.4 – -1.7
Total (incl. direct heat) 41 6.2 120 – 460 78 – 210

2.5 -2.6 – 0.6 -8.7 – -0.4 -13.8 – -2.3
Total - global 53 8.6 165 – 640 90 – 230

Net costs vary widely by sector, from USD 0 to USD -15 per GJ.
1 Externalities in the industry sector related to human health are estimated based on the same data used for the power sector estimates.

2 When the high end of the external costs for indoor air pollution are applied, the substitution costs with human health and CO2 decrease further to USD -31 to -14 per GJ.

sector, the substitution cost will be reduced by at least USD 7.4 per GJ 
and result in cost savings.

Energy policy must take into account health and 
environmental effects in order to reflect the full value 
of renewable energy development.

The analysis shows that externalities should be included in new policies 
in order to ensure that the overall savings from the implementation of all 
REmap Options are accounted for properly.

4.3 Socio-economic benefits

IRENA finds that doubling the share of renewable energy would have a 
minor, but positive effect on global employment in the energy sector, 
although the effects will differ from one country to another. 
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Compared to the Reference Case, the deployment of REmap Options 
would result in an additional 16 million cumulative direct jobs in the en-
ergy sector as a whole (conventional and renewable) between 2013 and 
2030. As a result, 900 000 additional jobs on average per year would 
be created in the sector in the same period. Jobs would be gained in the 
renewable energy sector and some would be lost in the conventional 
energy sector. The increase in jobs in the renewable energy sector would 
equal 60 million cumulative direct jobs, or on average 3.5 million jobs an-
nually (see Table 4.4)9.

Figure 4.19 shows the cumulative global employment effects from 2013 
to 2030, considering all the energy sources for the Reference Case and 
REmap 2030, and shows the employment effects on each.

9 It was assumed that traditional biomass does not have any associated employment, given the diffi-
culty in estimating informal employment in the sector. Hence, substituting traditional biomass does 
not have negative employment effects.

Figure 4.19 Cumulative employment effects by energy resource cat-
egory in  Reference Case and REmap 2030
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Table 4.4 Employment effects of REmap Options

Additional Direct Jobs (million)1

Cumulative 
(2013-2030)2

Annual Average  
(2013-2030)

Renewable Energy Sector Only 60 3.5

Conventional Energy Sector Only -44 -2.6

Energy Sector (RE and conventional) 16 0.9

The REmap Options would generate 3.5 million jobs in the renewable 
energy sector and 900 000 net jobs in the energy sector as a whole.

Note:  Direct jobs refers to employment which is generated directly by core activities without taking 
into account the intermediate inputs necessary to manufacture renewable energy equipment 
or construct and operate facilities; e.g., the jobs in steel or plastic industry are not included but 
those in solar PV manufacturing and installation industry are.

1 Difference in employment between the Reference Case and the implementation of all REmap 
Options.

2 Cumulative jobs are calculated by multiplying the additional jobs with the years of employment. 
In the specialised literature, this is referred to as “job-years”.

Figure 4.20 Net cumulative employment effects of the REmap Op-
tions, per  segment of the value chain
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As more renewables are used, conventional energy consumption de-
creases. As a result, employment is reduced in the fossil and nuclear 
industries. However, the jobs created in the renewables industries exceed 
the ones lost in the fossil fuel and nuclear ones, leading to a positive net 
effect10. Figure 4.20 allows us to better understand what lies behind the 
net effects in each family of energy technologies (i.e., fossil fuels, nuclear 
and renewables) with respect to the different elements of the value chain.

As shown in Figure 4.20, the net effect in the fossil fuel industry is nega-
tive (-42.1 million job-years), due mainly to job losses in fossil fuel produc-
tion. The net effect in the nuclear industry (-1.5 million job-years) stems 
mainly from the construction segment of the value chain. The net positive 
effect in the renewable energy industry (+59.6 million job-years) comes 
predominantly from the construction of renewable power generation 
facilities, followed by manufacturing, fuel supply (biomass and biofuel 

10 Excluding the jobs in the traditional biomass sector.

Figure 4.21 Global employment effects by renewable energy technol-
ogy, cumulative 2013-2030
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supply for power generation, buildings, industry or transportation), and 
O&M and decommissioning.

Figure 4.21 shows the breakdown of the total cumulative employment 
effects in the renewables industry by renewable energy technology. Most 
renewable energy jobs are created in the bioenergy sector, due mainly to 
the labour intensity of production, followed by solar PV and hydro.
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Key points

 ● The REmap Options increase the renewable energy share in power 
generation to 44%. Including power and district heat consumption 
from renewable sources, the share in the end-use sectors is 38% in 
buildings, 26% in industry and 17% in transport. Excluding power and 
district heat, the share in end-use sectors is 35% in buildings, 19% in 
industry and 15% in transport.

 ● The renewable energy share in the power sector of countries based on 
REmap 2030 ranges between 15% and 97%.

 ● Countries significantly underestimate the impending power sector 
transformation. Solar photovoltaics (PV) could grow to 1 250 gigawatt-
electric (GWe), considerably more than the 500 GWe projected in the 
Reference Case. Onshore wind power capacity could grow five-fold.

 ● An additional 5 400 terawatt-hours (TWh) of renewable power in 
2030 will be split across 43% onshore and offshore wind, 23% biomass, 
19% solar PV, 5% hydro and 3% geothermal.

 ● The average age of existing fossil fuel and nuclear plants is 20-28 
years. Around 900 GWe of new coal plants is planned in the Refer-
ence Case between 2010 and 2030. It is critical that this planning is 
reconsidered.

 ● If all REmap Options are deployed, eight countries will reach above 
40% variable renewable energy in their capacity mix: Denmark, Ger-
many, the UK, South Africa, Japan, Australia, France and India. Grid 
integration is therefore a priority issue.

 ● The renewable energy share in the building sector of the 26 REmap 
countries ranges between 15% and 91% in REmap 2030. A large dif-
ference exists in heat demand per household or floor area across 
countries, which explains the wide range in renewable energy shares. 
Modern biomass use in the building sector reaches 13 exajoules (EJ), 
and other renewables for heating (solar thermal and deep geothermal) 
total 9 EJ.

 ● The renewable energy share in the transport sector of the 26 REmap 
countries ranges between 0% and 51% in REmap 2030. A projected 
16 EJ of biofuels will be consumed, with 2 EJ of renewable power for 
electric vehicles and other electrified transportation systems.

 ● The renewable energy share in the industry sector of the 26 REmap 
countries ranges between 4% and 87% in REmap 2030. A projected 21 
EJ of bioenergy will be consumed, with 3 EJ of other renewables such 
as solar thermal, geothermal and heat pumps.

 ● The potential of biomass supply ranges between 95 EJ and 145 EJ per 
year by 2030, split into a maximum of 66 EJ of agricultural and food 
residues, 42 EJ of forestry regrowth and residues, and 37 EJ of energy 
crops. REmap 2030 implies as much as 108 EJ of primary biomass 
demand, more than twice today’s level and close to the lower estimate 
of the supply potential for 2030. Both quantities and supply cost and 
prices are subject to considerable uncertainty, however.

5 SECTOR: PATHWAYS
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This chapter provides further details 
of the REmap 2030 findings for the 
power (Chapter 5.1) and individual 
end-use sectors (Chapters 5.2 to 5.4). 
For each sector, an overview is pro-
vided which explains the situation in 
2010, outlining the demand segments 
and the developments between 2010 
and 2030 by country and technol-
ogy, according to REmap 2030. This 
is followed by the characteristics and 
market situation of the key technolo-
gies of each sector. The last section 
(Chapter 5.5) discusses the detailed 
results of the biomass analysis, the 
resource estimated to have the largest 
contribution for doubling the global 
renewable energy share by 2030.

5.1 Power Generation

5.1.1 Overview

The power sector is composed of pow-
er plants, combined heat and power 
(CHP) plants and self-generators. In 
2010, nearly 20% of all the electricity 
generated worldwide – 21  408 TWh 
from 5  183 GWe of total generation capacity – came from renewable 
sources (IEA, 2012d). Hydropower makes up the greatest share of re-
newable electricity by far, accounting for 16% of total power generation, 
roughly four-fifths of the 19% share of renewable power (REN21, 2011). In 
2011, total renewable capacity additions exceeded the capacity additions 
for fossil and nuclear power generation, if one accounts for closures of old 
plants. Behind this increase in annual capacity additions lies a doubling 

of investments within just a decade. Yet wind and solar power surpassed 
hydro in 2012 in terms of new capacity (see Figure 5.1), a repeat perfor-
mance after impressive growth in 2011.

Total power generation in the 26 REmap countries is projected to increase 
from 15 500 TWh per year in 2010 to about 27 900 TWh per year in the 
Reference Case, according to national plans. If all REmap Options are 

Figure 5.1 Renewables as a share of global power sector capacity  additions, 2001-2012
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Note:  The y-axis refers to the share of renewable power capacity compared to the net capacity additions in a given year. Net capacity addition is the 
total newly installed capacity minus capacity additions used to replace the retired capacity in that year.
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implemented, total generation could increase by 1 000 TWh per year to 
29 000 TWh per year in REmap 2030 because of electrification in the 
end-use sectors. Worldwide, this is equivalent to about 1 250 TWh per 
year of additional power generation.

The global power generation capacity would in-
crease from 5 183 GWe in 2010 to 8 000-9 000 GWe 
by 2030. Compared to total generation, demand 
from the end-use sectors is about 85%; the other 
15% is losses and consumption in the energy sector. 
This ratio is slightly higher than the 2010 levels of 
80%, explained in part by the increasing demand 
of power from end-use sectors and the decrease 
in losses in power transmission, distribution and 
generation.

Electricity is a key energy carrier that can raise the 
renewable energy share in end-use sectors (see 
Figure 5.2). The share of electricity is projected to 
increase only slightly in the industry sector in REmap 
2030 compared to the Reference Case. In build-
ings, the share of electricity increases much higher 
in REmap 2030. For the transport sector, the share 

Box 5.1 Capacity factors
What is the difference between “generation capacity” and “power gener-
ated”? The former indicates the generator’s size; the latter, its size multiplied 
by the time it runs. A generator with a rated capacity of 1 megawatt-electric 
(MWe) produces 1 megawatt-hour (MWh) if it runs at full capacity for an hour. 
It then has a capacity factor of 100%. If it lies idle for the next hour, its capacity 
factor is 0% for that hour and 50% for the two together.

Conventional central-station power plants, such as coal and nuclear, tend to 
run at high capacity factors up to and exceeding 90%. In contrast, depending 

on local resources, wind turbines have capacity factors of 20-50%, and solar 
panels closer to 10-30%. Generally, an installed MW of conventional capacity 
produces more MWh of power than a MWe of renewable capacity.

But the comparison is misleading. Solar replaces roofs and fields that do not 
generate any electricity; without a solar array, that sunlight is lost. Likewise, 
when we do not build wind turbines, the wind we get every day remains 
unused. In other words, capacity factors for renewables always add to our 
resource efficiency, whereas fossil and nuclear consumption always subtracts 
resources from our environment.

Figure 5.2 Electricity-use share in total energy use by sector worldwide, 2010-2030
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doubles. Power consumption in end-use sectors worldwide will reach 
nearly 31 300 TWh per year, about 1 300 TWh higher than in the Refer-
ence Case due to increased electrification.
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Figure 5.3 Current and projected share of renewable energy in power generation by country, 2010-2030
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The average country share of renewables in each country’s power sector could range from 15% to 97% in 2030.

In the power sector of the 26 REmap countries, the renewable energy 
share increases from 18% in 2010 to 44% in REmap 2030, a 2.5-fold in-
crease. Figure 5.3 shows the detailed results by country. Most countries 
reach a share of at least 40%, up from current levels of 10-20%. With re-
newable energy shares of 97% and 92%, respectively, Denmark and Brazil 
will be close to their full potential.

As the power sector’s renewable energy share increases in the REmap 
Options, more than 60% of the total installed capacity in the 26 REmap 
countries (4  000 GWe) will be from renewable energy sources (see 
Figure 5.4). The REmap countries make up some 75% of projected de-

mand, so the global figure will 
be a third higher at around 
4 800 GWe.

Hydropower is the 
biggest source of 
renewable power 
at present; other 
renewable energy 
sources will need to 
catch up with hydro for 
the global renewable 
energy share to double.

Figure 5.5 shows the installed 
capacities of the power sector 
for the 26 REmap countries in 
2030 scaled to the global level 
based on the missing market 
segment. The chart displays 
the results for the Reference 
Case (red-filled squares) and 

REmap 2030 (red-filled triangles) separately. It also compares each tech-
nology to the global developments according to the projections of the 
IEA’s medium-term market outlook report up to 2018 (grey-filled circles) 
(IEA, 2013b). Generally, the country projections should match the technol-
ogy outlook. Wind (both onshore and offshore) will be the largest source 
of renewable power (1 635 GWe), accounting for 30% of the total renewa-
bles capacity, followed by hydro (1 600 GWe) and solar PV (1 250 GWe). 
Other sources show a stronger growth rate but from a much lower base.

Yet the country projections are generally lower than technology market 
extrapolations. Clearly, countries significantly underestimate the upcom-
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ing transition towards renewable energy – with important consequences 
for policy frameworks. In absolute terms, the most significant gap exists 
for solar PV and onshore wind (for each, there is a nearly 1 000 GWe gap 
between country projections and technology market projections).

In addition, for all technologies except hydro, the 2030 projection in 
REmap 2030 is significantly higher than the policy scenarios and also 
higher than the extrapolation of the technology market trends. The main 
differences in relative terms occur for niche power generation technolo-

Figure 5.4 Installed global renewable power generation capacity by 
region, 2010-2030
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Figure 5.5 Growth projections for renewable electricity technologies
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Government projections significantly underestimate the potential of 
renewable power growth.
Note:  Pumped hydro is excluded because it is considered energy storage. Figures for 2018 are 

based on the IEA mid-term energy market report (IEA, 2013b).

gies, notably offshore wind (in the United Kingdom and the US) and geo-
thermal (in the US and Indonesia), where policies can make an important 
difference. In the case of solar PV, policy reference scenarios suggest 
470 GWe, whereas consideration of all REmap Options would yield around 
1 250 GWe in 2030.

For hydropower, a technical potential exists to expand to 2 000 GWe, es-
pecially if pumped hydro is included. However, planning periods are long, 
social acceptance is often an issue, power generation sometimes com-
petes with other water uses, geopolitical issues can arise relating to water 
flow rights, and the suitability of some sites is questioned for geological 
reasons (such as in Arunachal Pradesh, the state with the main remaining 
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hydro potential in India). It should also be noted that a major part of the 
remaining hydropower potential is concentrated in small markets (such as 
African countries and other Latin American, Central Asian and Southeast 
Asian countries) not included in the 26 REmap countries.

Figure 5.6 shows the breakdown of power generation according to 
REmap Options in the power sector by 2030, with the results of the 26 
REmap countries scaled to the global level. In total, 5 400 TWh of ad-
ditional power will be generated from renewable sources in 2030. Wind 
has the largest additional generation of about 2 350 TWh per year world-
wide (three-quarters from onshore, a quarter from offshore) represent-

ing 43% of the total potential. Biomass follows wind with ad-
ditional generation of more than 1 250 TWh per year (23% of 
the total). Solar PV and concentrated solar power (CSP) have 
an additional generation of 1  135 TWh per year (21% of the 
total). Additional hydro (270 TWh per year) and geothermal 
(160 TWh per year) power generation are less in comparison, 
hydro because significant growth is already included in the 
Reference Case, and the technical potential is a limiting factor. 
Finally, both power from landfill gas (215 TWh per year) and 
ocean power (50 TWh per year) contribute in small terms to 
overall potential.

Figure 5.7 provides the breakdown of power generation of 
37 000 TWh per year worldwide in REmap 2030 by technol-
ogy.

Electricity is the field in which renewables have drawn the 
most attention – and for good reason. Hydro produces the 
most renewable power today and is expected to remain the 
largest source in 2030 (see Figure 5.7). Wind and solar are the 
two technologies currently booming the most. As the renewa-
ble energy share in power generation will rise quickly, a switch 
to electricity – especially in the transport sector – will enable 
higher renewable energy shares for the whole economy.

Nonetheless, the role that the power sector plays in the energy transi-
tion can also be overstated. The share of electricity in total final energy 
consumption (TFEC) will be around 25% by 2030 if all REmap Options 
are implemented. It is therefore not possible to double the share of re-
newables in global TFEC by 2030 with deployment options in the power 
sector alone.

5.1.2 Wind power

Approximately 300 GWe of wind power capacity had been installed 
worldwide by mid-2013. A kWh of wind power costs as little as US Dollar 

Figure 5.6 Global power generation by technology of REmap Options
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Two-thirds of all REmap Options for power involve wind and solar energy.
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(USD) 5 cents in the best locations, but the cost also depends on socio-
economic conditions (e.g., labour costs). Onshore wind is currently much 
less expensive than offshore.

Wind turbines can be installed not only in large clusters where wind re-
sources are strong, but also as individual turbines to serve specific local 
needs. Furthermore, modern turbines are themselves highly scalable, 
from small generators of just a few kilowatts to giant, powerful towers 
with thousands of kilowatts.

Most of the new wind capacity is onshore, with a no-
ticeable trend towards larger turbines. The share of 
turbines worldwide with a capacity of at least 3 MWe 
has grown from 2% in 2010 to 19% in 2012. The aver-
age rotor diameter in Germany increased from 60 
metres in 2000 to 88 metres in 2012, with the aver-
age hub height also growing from 70 to 111 metres 
(Böll Foundation, 2013a). Such turbines have a higher 
capacity factor in a given site because wind speeds 
increase with height. At the same time, the number of 
suitable sites is also expanded.

There is also a split between technologies for sites 
with high and low wind velocities. In locations with 
high wind velocities, generators can be larger – 
around 260-280 watts per square metre (W/m2), 
compared to 200 watts per square metre in sites with 
low wind speeds. In low-wind areas, rotor blades are 
made larger – often without increasing generator size 
– to cover a greater swept area, allowing more wind 
energy to be harvested. This may result in higher 
capacity factors compared to the use of conventional 
turbines in similarly low-wind sites. In Germany, the 
capacity factor of onshore wind turbines in windy lo-
cations is expected to increase from 28% to 39%, and 
in locations with low wind velocities from 17% to 29%.

Offshore wind is an emerging field which is expected to develop towards 
lower costs. Unlike onshore wind farms, which can be as small as a single 
turbine, offshore wind farms tend to be as large as possible. The aver-
age size of offshore wind farms is currently around 200 MWe, but the 
ones now being built and planned have hundreds of megawatts; at the 
end of 2013, the London Array was the largest completed wind farm at 
630 MWe. At the end of 2012, around 6 GWe of wind power capacity had 
been installed offshore worldwide (around 2% of the total installed capac-
ity), with the UK being the largest market. One main enticement in the 

Figure 5.7 Global power generation by technology in REmap 2030
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Box 5.2 Integrating variable renewable power into the grid
Hydropower has been and remains the main source for renewable power gen-
eration, but wind and solar PV generation are expanding rapidly. In 2012, wind 
and solar PV comprised three-quarters of the total added renewable power 
generation capacity. The REmap countries expect their share to continue to 
rise. In their national plans, the share of wind and solar PV is projected to rise 
from 2.5% of global installed capacity today to 15% in 2030. If all REmap Op-
tions are explored, this share will increase to 34%.

The unprecedented growth rates for wind and solar PV are fuelled by both 
technology and economics (e.g., financial support incentives). Both technolo-
gies are modular and can be built quickly at many different locations, whilst 
their costs have reached those of conventional power. Yet the output of wind 
and solar PV depends on the availability of wind and sunshine. This raises con-
cerns about the extent to which these variable renewables can be integrated 
into the existing electricity system1.

The concerns surrounding the integration of variable renewables into the grid 
are not new. Traditionally, the transmission and distribution grids are designed 
to take electricity from large centralised power stations through transmis-
sion and distribution lines to the consumer. Although electricity demand has 
always highly fluctuated, grid operators manage to adjust power supply to 
demand based on years of experience 2. When consumers started to produce 
their own electricity, mainly through wind turbines and solar PV panels, both 
the transmission and distribution operators were confronted with a completely 
new situation. Now, both supply and demand need to be predicted.

The last ten years have already shown that many of the concerns by grid op-
erators can be overcome with tools and technologies already in place. Today, 
Denmark’s grid operators deal with an electricity system supplied more than 
30% by wind, while Germany and Italy handled 4.7% and 6.7%, respectively, 
of solar PV in their annual gross electricity consumption in 2012. Wind has 
already peaked at more than 100% of demand in Portugal and Denmark. Ex-
amples of mature technology and techniques that have helped grid operators 
to deal with variability are peaking plants, reserve capacity, load forecasting 

1 Run-of-river hydro, wave and tidal power are also considered to be variable renewable energy 
technologies, but their penetration levels compared to wind and solar PV are small.

2 Most central-station power plants provide dispatchable power, which means that they can gen-
erate electricity upon demand and at predetermined output levels.

techniques, pumped hydro, demand-side management or response, and in-
terconnection.

However, technical issues are becoming apparent as countries transition to-
wards higher shares of renewables. Issues like instantaneous penetration levels 
of variable renewables of 100% or more, location constraints for renewable 
resources, the connection of thousands of installations to low-voltage grids, 
and the non-synchronous nature of variable renewables are new to most grid 
operators.

In a few countries – except for small isolated countries like island states – 
these technical issues will affect the system in the next couple of years. At a 
global level, only a handful of countries – Denmark, Spain, Ireland, Portugal 
and Germany – have variable renewable energy shares above 10%. However, 
all countries will have to start planning for these issues today if a transition is 
considered.

Figure 5.8 shows the penetration level of variable renewables in the power 
sector – wind power, solar PV and CSP without storage – in terms of capacity 
and power generation if all REmap Options are implemented in the power sec-
tor by 2030. Only 4 of the 26 REmap countries will have variable renewables in 
capacity and generation beyond 30% by 2030 in addition to Denmark today: 
Australia, Germany, Morocco and the UK. India and Japan have variable re-
newables shares in capacity higher than 40%; however, their share of variable 
renewables in generation is around 20%. Different countries have different 
strategy and policies to deal with the increasing share of renewable energy. 
Countries with the highest variable renewable energy share according to the 
REmap 2030 will face the biggest challenges.

Denmark, which has the highest share (86%), is part of the Nordic Power 
Exchange, and it has a well-structured interconnector capacity with Germany, 
Sweden (nuclear power) and Norway (pumped hydro). New interconnections 
are considered with the Netherlands, and the existing capacities are planned 
to be expanded (MII, 2008; EC, 2012). Denmark uses advanced tools for im-
proved demand forecasting. Biomass is expected to play an important role 
in power generation, next to wind. Many studies are being prepared which 
support the country’s grid expansion plans and the electricity transmission 
grid; they also contribute to a better understanding of the challenges ahead.

Germany has the second highest variable renewable energy share (74%). Grid 
development plans (separately for offshore) with a ten-year horizon are being 
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prepared by the transmission system operators as requested by the Power 
Grid Expansion Act. These are inputs to the Federal Grid Plan, which proposes 
planned projects for approval. The Grid Expansion Acceleration Act provides 
support for planning, approving and implementation of projects as well as 
creates the optimal investment conditions. The Energy Industry Act was ex-
panded to better support storage and smart grids (BDEW, 2013). New storage 
facilities do not need to pay access charges to the grid. Variable electricity 
tariffs are offered to consumers to reduce peak hour demand. Many power 
system analyses conducted by national and private organisations look into 
accommodating variable renewable energy at the country and region levels 
(DENA, 2011).

In the cases of France and the UK, the consequences from the increased share 
of variable energy are also being analysed through power system models. 
Plans for raising the interconnector and energy storage capacities to meet 
variable renewable energy shares of nearly 40% and the growth in peak 
demand are being analysed and discussed in France (RTE, 2011; Loisel et al., 
2014). Similarly, in the UK, grid integration needs are being modelled for high 
shares of wind capacity as estimated in REmap 2030 (Carbon Trust, 2008; 
National Grid, 2013). However, increased solar PV (8 GW according to REmap 
2030) use in the UK is not included, and the limited north-south transmission 
capacity is often highlighted as a barrier for increased variable renewable 
share. Hence, it may be challenging for the UK to reach the very high shares 
as indicated by REmap 2030. This is also the case for Japan, as the country 
is isolated, the demand and supply locations are not necessarily next to each 
other and there is limited intergrid connection across the country’s nine grids 
(Takehama, 2013).

Despite the similarities in estimates of variable renewable energy share be-
tween countries themselves and REmap 2030, findings should be used in 
country power-system models to better understand the consequences. This 
will be useful for gaining further experiences and developing plans for dealing 
with high shares of variable renewables, which in general show the following 
areas as discussed by IRENA’s forthcoming grid report (IRENA, 2014e):

 ● Variable renewable energy is manageable on the power grid,
 ● The additional cost is affordable (< 10% of total),
 ● Technology development is rapid, and
 ● There is no “one size fits all” solution (it depends on the system).

Figure 5.8 Global power generation by technology in REmap 2030
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offshore sector is less public opposition when, for example, projects are 
owned locally as opposed to foreign investor ownerships; another benefit 
is higher capacity factors of 40-50%, bringing offshore wind closer to 
baseload reliability.

Where cities and densely populated areas border the sea, offshore wind 
can be especially attractive. On the other hand, the cost tends to be 
higher than for onshore wind, and grids need to be expanded more often 
to accommodate offshore wind farms. The average distance from shore 
is projected to increase from 60 kilometres today to 100 kilometres by 
2020 (Roland Berger, 2013). In Europe alone, offshore wind capacity is 
projected to grow to 40 GWe by 2020.

Offshore wind turbines tend to be larger than those designed for onshore. 
Commercial turbines available today have a capacity of 5-7 MWe, and 
turbines with a capacity of 10 MWe are currently being developed. All 
offshore turbines currently built have fixed-bed foundations, although 
floating platforms are being tested in Denmark, Norway, South Korea 
and Japan. This new technology will allow turbines to be built in waters 
deeper than 100 metres (MIC, 2013).

The focus on sites with great wind resources may, however, provide a 
cheaper kilowatt-hour on site only to entail higher transmission costs if 
the power has to travel a long way to reach consumers. These costs can 
largely outweigh whatever cost benefits that the focus on good wind 
resources provides.

Fichtner and Prognos (2013) assessed the cost-reduction potential for 
offshore wind in Germany. It is projected that the investment cost for 
offshore wind turbines with fixed-bed foundations will decline 17-27% 
by 2023, down from approximately USD 5 600 per kWe in 2013 (includ-
ing grid connection). At the same time, operation and maintenance 
(O&M) costs are projected to decline 19-33%. The nominal weighted av-
erage cost of capital (WACC) will decline from 9.9 to 7.7%, and electric-
ity generation per kilowatt will increase by around 10%. The next result 
is a fall in the levelised cost of electricity (LCOE) from approximately 

USD 17-20 cents in 2013 to approximately USD 10-13 cents per kWh in 
2023.

5.1.3 Solar PV

Over the past few years, the price of solar PV has plummeted so quickly 
that many scenarios in the Reference Case have become grossly outdat-
ed. The trend is expected to continue, with a kwh of solar power costing 
less than USD 10 cents practically everywhere by 2020. Grid parity – the 
point at which solar power from a residential roof costs less than power 
from the grid – could mean that households will increasingly install PV 
without further governmental incentives. By 2030, solar PV could make 
up such a large share of power supply thanks to citizen investments as 

Box 5.3 Seasonality
Solar PV is often a great way of reducing the price of peak power. 
Generally, power consumption peaks during midday, which coincides 
nicely with peak solar power production. Likewise, power demand is  
greater in the summer than in the winter in countries that rely heavily on air 
conditioning, such as Japan and the United States.

In contrast, Germany generally has its peak power demand for the year 
in evenings at the end of November, several hours after the sun has gone 
down. In this case, solar PV does not help cover peak annual demand. 
Germany also has the most PV installed as a share of peak power demand: 
roughly 34.5 GWe at the end of July 2013, compared to peak annual de-
mand of around 80 GWe. During the summer, all of this solar PV offsets 
a chunk of the medium load, not just the peak load, so spot power prices 
sometimes fall below zero.

This outcome is positive for consumers but problematic for firms which 
provide backup capacity when not enough solar power is available. Backup 
generators may not always be able to run for enough operating hours to 
remain profitable.
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to disrupt the conventional power sector in numerous countries, such as 
Australia (RENEW, 2013).

In 2012, solar PV grew to more than 100 GWe of installed capacity, two-
thirds of which went up in Europe. Markets are shifting, however, with 
Asia accounting for the most gigawatts installed in 2013. Solar PV is ex-
tremely scalable, ranging from off-grid solar home systems of just a few 
dozen watts to residential roof arrays of a few kilowatts and large-scale 
ground-mounted farms of dozens of megawatts. The largest solar PV 
plant in the world currently has a capacity of around 500 MWe, but India 
has announced plans to construct a 4 GWe plant – more than two times 
the country’s existing grid-connected capacity. By end of 2016, the pro-
ject’s first phase is expected to be finished with a total installed capacity 
of 1 GWe (CleanTechnica, 2013a).

There is a clear trend towards PV systems that allow for remote control 
by grid operators. Inverters also increasingly come with enhanced func-
tionality, such as frequency control and reactive power. The hybridisation 
of mini-grids is also progressing with more advanced controllers, allow-
ing diesel generators to run optimally and only when there is not enough 
renewable electricity.

For solar PV to move beyond around 10% of total power demand in a giv-
en country, power storage will increasingly be needed. Both large-scale 
technologies (such as pumped hydro) and distributed battery-storage 
systems are projected to grow significantly in the coming years.

There has been some concern about whether distributed solar PV would 
eventually destabilise power grids, but there have been no problems 
up to now in Germany. On sunny days, more than 20 GWe of electricity 
from the roughly 35 GWe installed (as of August 2013) can be produced – 
equivalent to around a third of total peak demand, and one of the highest 
ratios in the world (CleanTechnica, 2013b). High levels of production also 
have occurred in Italy, where the level of solar penetration has also not 
destabilised the grid. In general, distributed solar PV reduces the need for 
greater investments in grid expansion.

Although both wind power and solar PV are “variable” (meaning that 
power is only generated based on the weather), the variability of solar 
PV is different. Countries with wind turbines spread across a large geo-
graphical area have some level of wind power production practically all 
the time. For instance, wind power production peaked as high as 82.5% 
of installed capacity but was below 5% a fifth of the time in Germany 
(Chabot, 2013). However, wind gusts can result in significant local fluc-
tuations on a second or minute scale. Regulatory demand for power 
management capability of wind turbines is rising to deal with these fluc-
tuations, either through output curbs or battery storage. In addition there 
are further technical options to deal with fluctuating demand, whether 
electronically, mechanically (using the mass of the turbine) or by adding 
short-term storage like flywheels. 

In contrast, solar panels reliably produce no power for roughly half of the 
time, when the sun is down. And because a certain threshold of insolation 
is needed for some light to be harvested, solar panels generally produce 
a significant amount of electricity for only around 10 hours a day out of 12 
hours of sunlight in many locations.

5.1.4 Biomass power

In 2012, installed biomass power generation capacity reached more than 
80 GWe, equivalent to 1.5% of global power generation capacity. Solid 
biomass (including black liquor) and municipal solid waste (MSW) ac-
counted for nearly 80% of the total capacity, with the remaining 20% 
being mainly biogas. Small amounts of liquid biofuels are also used to 
generate power (about 2 GWe in total). In addition, increasing amounts 
of pellets are co-fired in coal plants. Because biomass power generation 
is an excellent way of providing renewable backup capacity for variable 
wind and solar, it is expected to be a cornerstone of renewable electricity 
targets worldwide (RE Focus, 2013).

Biomass generators are dispatchable and can provide 
reliable baseload power.

REmap 2030  91



5

Because of the diversity of feedstock, technologies vary. Capacity expan-
sion is likely in this decade across a range of conversion platforms, includ-
ing dedicated greenfield facilities which burn biomass exclusively, brown-
field biomass and coal co-fired plants, and anaerobic digesters which 
produce biogas. The type of biomass used for power generation depends 
on what is available in different regions. In Europe, for example, wood 
products and waste are used for power generation. In India, Brazil and 
some African countries, bagasse from sugar production is combusted in 
CHP plants. Co-firing with coal is common in the Netherlands and Finland.

Production from MSW is also increasing, by about 6% per year in the last 
decade. Today’s installed capacity exists mainly in the EU, the US and 
Japan, but developing countries and economies in transition are catch-
ing up. Biogas capacity growth is even higher, at about 10% per year. As 
of the end of 2012, China (800 MWe) and India (91 MWe) together had 
nearly 900 MWe of biogas capacity installed (RE Focus, 2013). In the EU, 
Germany has the largest capacity, and a vegetable oil-fired CHP plant in 
Italy with a capacity of 24 MWe has been generating power and heat since 
2005 (RE Focus, 2013).

Power generators fired with biomass are often smaller than large central-
station coal plants and can be installed in farming communities and in-
dustries close to sources of biomass. The waste heat from power produc-
tion is frequently used as a heat source in a process called cogeneration, 
one of the most efficient ways to use biomass for heat and power pro-
duction. In such cases, the focus is usually on increasing the unit’s overall 
efficiency; in practice, this goal is achieved by recovering as much heat as 
possible, not by increasing power output. The result is that power genera-
tion efficiency remains relatively low at 10-15%, although heat recovery 
increases the total system efficiency up to 80% or more. Much higher ef-
ficiencies are possible and are already achieved at existing plants, such as 
in Denmark. Efforts to increase the efficiency of power production alone 
can double power production but also increase overall cost.

Supported by strong policy and health incentives, the installed biomass 
power capacity in Europe has increased in the last decade. The region 

currently accounts for nearly 50% of the installed capacity worldwide, 
but capacity additions in Asia-Pacific and Latin America through 2020 are 
expected to result in a modest shift away from Europe. Growth in North 
America is contingent upon the anticipated rollout of bio-refineries for 
advanced biofuels. Navigant Research forecasts that, under an optimistic 
scenario, global installed biomass power capacity could reach 129 GWe by 
2020 (Navigant, 2013a).

5.1.5 Hydropower

Hydropower is an established technology, and the main goal now is to 
reduce its environmental and social footprint. Some parts of the world 
still have great hydropower potential, while further growth in other areas 
will come mainly from refurbishing existing plants and developing small 
hydro. Efficiency gains can only be modest because levels are already in 
the range of 90-95% for new systems.

In 2013, hydro capacity in operation reached more than 1 000 GWe, and 
another 224 GWe is under construction (Hydropower & Dams, 2013). In 
2012, 30 GWe of additional capacity was installed – half of which was in 
China – and in 2013, an additional 30 GWe is expected to come on line in 
China alone. For many countries, hydropower is a key source of renewable 
energy. Some countries, such as Austria, have already reached a roughly 
70% share of hydro in their power sector. In Sri Lanka, which has utilised 
about 70% of its theoretical potential, hydropower contributes to 40% of 
the electricity generation mix. Other South Asian countries with resources 
for hydropower, such as Bhutan and Nepal, also plan to increase its use, 
but financial challenges currently limit utilising this potential. In 2012, Vi-
etnam completed the construction of a 2.4 GWe hydro plant in the Black 
River, the largest plant in Southeast Asia.

In Peru and Mexico, hydropower is planned to play an increasingly impor-
tant role in supplying domestic power demand. Most countries in Africa 
are also seeing large investments in major hydropower projects: the 
Grand Inga Dam in the Democratic Republic of the Congo, currently only 
in planning stages, would upon completion of its nine phases have a total 
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capacity of 40 GWe, or nearly two times the capacity of the Three Gorges 
Dam on China’s Yangtze River (22.5 GWe) (Hydropower & Dams, 2013).

There is no single definition of what separates small hydropower from 
large, but typically all plants below 10 MWe are considered to be small hy-
dro. As a rule of thumb, around 10% of total hydropower potential stems 
from small hydro, which can play a crucial role in electrification. China 
alone has around 50 000 small hydro plants, which have played a key role 
in the electrification of the country.

The remaining potential for large hydropower is unevenly distributed. 
Around 600 GWe of economic potential is located in the Amazon basin; 
the Himalayan foothills in China, India and Central Asia; sub-Saharan Af-
rica; and Siberia. Nearly two-thirds of the global small hydro potential is 
in Asia, with global potential estimated at 173 GWe, compared to the more 
than 75 GWe of systems smaller than 10 MWe currently installed (UNIDO/
ICSHP, 2013).

Hydropower can be split into two types of systems: run-of-river plants 
and manmade reservoirs. Run-of-river plants depend on the river’s flow 
rate, which often fluctuates seasonally. Reservoirs can be artificial lakes 
fed with water from natural streams or, increasingly, water pumped up 
from a lower level. When water is pumped in this matter, the main focus 
is power storage; when power prices are low, water is pumped into the 
higher reservoir and allowed to flow back through turbines to generate 
power when prices are high. Pumped storage is by far the most efficient, 
cheapest and most widely deployed form of electricity storage today, 
with around 150 GWe of capacity currently installed worldwide1.

Most pumped storage capacity today is in Asia. In 2012, about 2 GWe of 
additional capacity was added in the region, with three-quarters of this in 
China. The European Commission recently addressed the increasing im-

1 The statistical treatment of pumped capacity is mixed; some countries include it with their hydro-
power but others do not. Notably, China, where most growth is foreseen (100 GWe by 2030), does 
not include pumped hydro with its hydropower capacity data.

portance of energy storage in a working paper in its Energy Infrastructure 
(DG/ENER, 2013), as a large increase in medium and seasonal storage will 
be expected especially after 2025 (Hydropower & Dams, 2013). Europe 
has around 50 GWe of installed capacity, and another 20 GWe is expected 
to be installed in the next decade.

The main obstacles to further hydropower growth 
are environmental and social, as along with resource 
exhaustion.

In addition to conventional pumped storage, new technologies being 
developed include the variable-speed approach, which could support 
grid variability. The approach is more complex than conventional pumped 
storage units, but more than ten units are under construction today, and 
with technological learning, more can be gained from the technology in 
the near future (Henry et al., 2013). As existing plants are redesigned, 
the share of pumped hydro is projected to rise. Pumped hydro will play 
an increasingly important role as backup for variable renewable energy 
technologies. If existing plants are adjusted for more balancing power, 
there would be less need for additional measures and technologies for 
this purpose.

5.1.6 Geothermal

Around 12 GW of geothermal power is currently installed worldwide. The 
United States is the leader, but the Philippines, New Zealand, Iceland, 
Indonesia and Mexico also have significant capacity. Virtually all estab-
lished capacity is in locations with high-quality resources (volcanic areas). 
Important expansion plans exist in Kenya and Indonesia, and Africa’s 
Rift Valley and the Pacific Rim offer other opportunities. Various islands 
have volcanic origins and can deploy geothermal – including St. Kitts and 
Nevis, Grenada, Dominica, the Azores, the Canary Islands, the Solomon 
Islands and Vanuatu. Japan also wants to expand geothermal use, follow-
ing decades of stagnation because of concerns among environmentalists 
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(the remaining resources are in protected areas) and spa owners worried 
about reduced hot water availability for their pools. The example of Ice-
land shows how spas and power generation can be combined.

Enhanced geothermal systems and deep geothermal are not widely de-
ployed. Enhanced geothermal demonstrations have suffered from small 
earthquakes during fracking (Basel and St. Gallen, Switzerland), resulting 
in local opposition. A shallow geothermal project in nearby Staufen, Ger-
many, also caused damage to local structures, slowing developments in 
the country. Thus, a better understanding of the geology of reservoirs and 
how to activate them without causing seismic activity is a priority. Deep 
geothermal resources are being developed in southern Germany and the 
UK, but the project size is generally small (<20 MWe) and costs are high 
(>USD 20 cents per kWh). For the time being, the majority of capacity 
additions will occur where there are high-quality resources.

Geothermal plants can run continuously. For sustainable operation, the 
fluids used must be reinjected. The US capacity has suffered from initial 
projects without reinjection that never fully recovered their original rated 
capacity. A geothermal resource is natural but not infinite: after 3-4 dec-
ades of production, the resource could be depleted, and replenishment 
takes thousands of years.

Most of the cost of a geothermal project stems from drilling. Not every 
well is a success; it depends on the temperature and flow rate – and the 
latter can vary significantly. Drilling costs have gone up in recent years: 
in Indonesia, for example, they have risen from USD 6 million to USD 8 
million per well. The risk of drilling has been identified as the main im-
pediment for new geothermal capacity. Therefore, efforts focus on the 
establishment of financing facilities that mitigate drilling risk.

5.1.7 Solar CSP

In contrast to solar PV, which generates electrical current directly, with 
CSP a series of mirrors concentrates solar energy onto a heat medium, 
which is then used to drive a conventional turbine. Designs either con-

centrate to a few hundred degrees (Parabolic/Fresnel designs) or to a 
maximum temperature for steam power cycles in power tower designs 
(around 600 degrees Celsius (oC)). Because thermal heat can be easily 
stored, CSP is perhaps best thought of as solar power with an easy stor-
age potential; specifically, when comparing the cost of CSP to solar PV, it 
is important to remember that CSP is dispatchable and can provide power 
even after the sun has gone down.

CSP works only in arid, sunny locations, such as northern Africa and 
the southwest United States. Today’s installed capacity is nearly 3 GWe 
worldwide. North America has about 0.5 GWe of installed capacity and 
the remainder is in Spain, the world’s leading market for CSP. In 2012, 
Spain added 803 MWe for a total capacity of 1 954 MWe and generated 
5 138 gigawatt-hours (GWh) over the course of the year, according to the 
trade body Protermosolar (2013).

In concentrated solar power plants, mirrors concentrate 
solar rays onto a heat medium, driving a conventional 
turbine.

Of the 42 CSP plants installed worldwide as of 2012, 37 were parabolic 
trough plants, 3 were power towers and 2 use linear Fresnel collectors. 
Capacity additions included Termosolar’s 22.5 MWe Borges CSP facility, 
coupled to a biomass generator and running constantly, and Novatec’s 
30 MWe Puerto Errado 2, currently the largest Fresnel plant in operation.

The year 2013 began well for the Spanish CSP market, with two 50 MWe 
plants from NextEra Energy, Termosol 1 and 2, coming on line, bringing 
the nation past the 2 GWe mark with 2 054 MWe of total installed capacity. 
Six more parabolic trough plants are currently under construction, as well 
as three new plants using parabolic dish technology. But given the dead 
stop in the Spanish market after February’s energy reform, CSP develop-
ers are now turning to other countries for new projects. Spain’s largest 
developer, Abengoa, was a 20% owner of Abu Dhabi’s 100 MW Shams 1 
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and is building a 150 MWe plant in South Africa, a 280 MWe plant in the 
United States and a 470 MWe hybrid solar-gas plant in Mexico. Installa-
tions are ongoing in Morocco, including Ourzazate with a total capacity 
of 500 MWe. Saudi Arabia plans to add 25 GWe by 2032, making it the 
largest CSP market in the world.

Hybrid plants use heat generated in CSP plants for steam cycles in coal 
or gas plants. A coal plant retrofit is being installed in Australia (Kogan 
Creek), and various gas hybrid plants are operating in North Africa. Al-
geria’s first solar tower power plant will also be solar-gas hybrid, with a 
total capacity of up to 7 MWe; the technology is being developed in Ger-
many. The technology can also be applied in other parts of North Africa. 
Generally, the share of solar in total power generation is below 10%. The 
fact that retrofits are possible may create opportunities, but space for a 
solar field will limit opportunities in many cases, although a market is also 
starting to develop in China. As of 2012, five CSP projects were approved 
in China with a total capacity of 340 MWe, all with parabolic trough tech-
nology. Together with the projects planned in the region, China’s installed 
CSP capacity by 2020 could reach more than 6 GWe, exceeding the plans 
of the National Development and Reform Commission (ESTELA, 2012a).

Archimede CSP in Italy is the first plant to use molten salt as a heat-
transfer fluid. More molten salt CSP projects are planned in Italy, China 
and Egypt, with a total capacity of nearly 300 MW. Novatec has started 
the construction of a demonstration plant in Spain with molten salt as a 
heat-transfer fluid used for the first time in a Fresnel collector plant. In 
the next decade, the global CSP market is expected to develop with a 
higher share of tower, Fresnel and dish collectors at the expense of trough 
(ESTELA, 2012a).

Earlier experiences showed that installation of a series of CSP plants in 
the United States in the 1980s was followed by two decades of inactivity. 
Future capacity expansion depends on to what extent CSP capital costs 
can be reduced, and this will depend on large-scale applications to achieve 
technology learning. CSP has suffered from the rapid cost decline for solar 
PV, as the LCOE of utility-scale PV is now a third that of CSP without stor-

age, and the storage capacity is not properly valued. CSP plants also need 
more than 50 MWe of capacity, whereas PV is a more scalable. According 
to ESTELA (2012a), a cost reduction of between 35 and 50% can be ex-
pected by 2020 compared to 2010 levels (mainly compared to the case of 
Spain). Despite its high costs today, a number of countries – such as Saudi 
Arabia, South Africa, India and Morocco – are pursuing CSP deployment 
for reasons such as energy security, and projects in these countries have 
already surpassed projections, according to ESTELA (2012a).

Plummeting solar photovoltaic prices have created 
price pressure in the solar market. Further price 
reductions critical for concentrated solar power.

Each CSP plant with a total capacity of 50 MWe (with thermal storage) is 
equivalent to 2 250 jobs per year, and each running plant requires on av-
erage 50 persons a year for operation and maintenance (ESTELA, 2012a). 
Protermosolar (2013) reported that the total number of jobs in the sector 
was about 28 885 in 2011 and about 17 862 in 2012.

5.1.8 Ocean energy

Ocean energy technologies can be subdivided into five categories: ocean 
thermal energy conversion (OTEC), salinity gradient, wave energy, ocean 
current energy (tidal currents and permanent currents) and tidal head 
energy (tidal barrages). Within each category, the technologies can be 
further divided into onshore, near-shore and offshore devices. IRENA has 
developed four technology briefs describing the technologies in more 
detail (IRENA, 2014f-i).

With more than 300 EJ of global potential, ocean energy sources can 
potentially supply around three-quarters of global energy demand. Yet 
ocean energy is the least deployed of renewable energy sources, with 
only around 500 MWe installed worldwide; more than 90% of this is from 
two tidal barrages in France (240 MWe) and South Korea (254 MWe).
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Ocean energy sources are widespread. More than 98 countries can deploy 
OTEC technologies within their exclusive economic zone. Wave energy 
sources are available to most countries with a coastline; the best re-
sources are found along west coasts, with an annual average energy con-
tent increasing with geographical latitudes. Equatorial regions generally 
experience less but much more constant incident wave power. Although 
tidal currents are observed around the world, the existence of hot spots 
due to geographical conditions (islands, bays, estuaries, etc.) limits the 
economical extraction of tidal currents in those areas.

Concentrated permanent currents are observed mainly along east coasts 
(e.g., the Florida current). Permanent currents passing east coasts (e.g., 
the Humboldt Current) are generally less concentrated due to the earth’s 
rotation and hence are of lower interest for economic exploitation. Due 
to high water depths, the extraction of permanent currents is not yet a 
strong focus of development. The exploitation of permanent currents 
in principle, however, is economically interesting because it will require 
technologies which are developed for tidal current power and experience 
capacity factors up to three times as high due to its permanent nature.

Areas with high tidal head are generally near areas with high tidal flows 
and hence represent hot spots due to geographical conditions. Salinity 
gradient sources can be deployed at estuaries, ideally in areas where 
only a small amount of fresh water mixes with seawater in order to avoid 
large brackish water zones which limit energy content, but also inland in 
combination with waste water plants. Ocean energy technologies are of 
particular interest for island states, which are surrounded by ocean en-
ergy sources but so far have to rely on imported fuels to provide for their 
electricity, heat and water demand.

The ocean energy technology market is among the most embryonic and 
dynamic. Today, approximately 5 wave power technologies and 5-10 tidal 
current power technologies are close to market readiness, and numerous 
concepts are in earlier development stages. Generally speaking, tidal cur-
rent technologies are some years closer to market readiness than wave 
power technologies. The first commercial tidal current arrays are expect-

ed to be grid connected before 2020, whereas the first wave power arrays 
might produce in the early 2020s. There are 4 existing tidal barrage plants 
today, but an additional 12 projects are in various stages of development. 
Similarly, around ten OTEC plants have been demonstrated so far, but at 
least another ten scaled-up projects are in various stages of development. 
Salinity gradient is the least-developed technology, with only two pilot 
projects existing today.

Ocean energy technologies are of particular interest for 
island states, which have relied until now on imported 
fuels.

The ocean energy technology market is also providing new opportuni-
ties for industry. Except for tidal barrage, which is basically conven-
tional hydropower technology, most new technology development and 
deployment activities took place through small-scale entrepreneurial 
companies or university spin-offs. This has changed in the last three 
years. Large industrial manufacturers/utilities such as ABB, Andritz 
 Hydro, DCNS, GDF/Suez, Lockheed-Martin, Statkraft, Siemens and Voith 
Hydro are entering the market, mainly by taking over start-up tech-
nologies and developing them to market readiness. At the same time, 
technological advances and expertise from the offshore oil, gas and 
wind industries are becoming available to ocean energy technologies. 
The deployment of salinity gradient and OTEC technologies is creating 
interesting synergies with the water management, water desalination 
and cooling sectors.

Growing interest from industry and policy makers – especially in Europe 
and Canada – has also spurred emerging interest from commercial and 
financial institutions. However, most of the projects are currently financed 
through public grants, national feed-in tariffs and equity money from 
technology developers. It is expected that the first project financing from 
development banks will be available after the first smaller arrays have 
been operating reliably for several years.
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Despite the growing interest in ocean energy, these technologies do not 
feature prominently in most national energy plans. Only Japan and South 
Korea have plans to install around 1.5 GWe of rated capacity. With a theo-
retical potential in the thousands of gigawatts, there are opportunities to 
explore further deployment of ocean energy technologies; fortunately, 
there are a large number of demonstration projects and ongoing feasibil-
ity studies for larger-scale deployment of these technologies.

For tidal barrage, the UK has discussed advanced plans for more than 
9 GWe of installed capacity, Russia has proposals for large-scale dams up 
to 100 GWe, the Philippines has plans for more than 2 GWe, and smaller 
projects have been proposed in South Korea. For tidal current, in which 
turbines similar to those used to convert wind energy utilise the flow of 
the sea to generate power, extensive plans are being developed, and a 
total global capacity of up to 6-12 GWe by 2030 is technically feasible.

The first commercial wave energy plant – based on oscillating water 
column technology – was established successfully in Spain in 2012 with 
a capacity close to 300 kilowatt-electric (kWe), and a 1 MWe commercial 
plant is being constructed in South Australia. There are plans for close to 
400 MWe of capacity in Scotland and 250 MWe in India. A large number 
of new devices is being tested, especially on the shores around the UK.

Because OTEC uses the temperature gap between cold deep seawater 
and surface water to generate electricity, it is particularly interesting 
for countries and island states in the Caribbean and Pacific. The earliest 
demonstration projects took place in the 1970s; installations up to 1 MWe 
have been successfully demonstrated, and a 10 MWe demonstration plant 
is planned for Hawaii. Numerous ongoing projects are exploring 10 MWe 
OTEC plants (the minimum size for an economically viable plant) in China, 
the Bahamas and the French islands of Réunion and Martinique. The Mar-
shall Islands and the Maldives also have expressed interest. Issues requir-
ing attention include fish entrapment, water reinjection and a cold-water 
landing site for coastal plants. One of the great technological challenges 
for OTEC is developing the polyethylene pipes of up to 10 metres in di-
ameter and more than 1 000 metres long that will be used at such sites.

OTEC combined with water desalination (flash evaporation technology) 
and seawater cooling can make a project economically viable. Seawater 
cooling for hotel air conditioning is picking up in places such as Curaçao, 
French Polynesia (Bora Bora), the United States (Guam, Puerto Rico) and 
Zanzibar, and this technology uses similar water pipes and heat exchangers.

For salinity gradient, a 10 kWe pilot plant exists, and a scale-up towards 
a 50 kWe system has started. The technology can be used in estuaries 
where fresh water enters the ocean, or as a hybrid technology connected 
to a wastewater facility.

At the moment, the capital costs and LCOEs for most ocean energy tech-
nologies are higher than those of other renewable energy technologies. 
However, with continued technology development, increased learning/
deployment and possible synergies with other offshore technology de-
velopments, the cost projections look attractive.

5.1.9 Mini-grids and off-grid systems

Interest in renewables-based mini-grid and off-grid systems is on the rise, 
both in developed and developing countries, as illustrated at the suc-
cessful IRENA Off-grid Renewable Energy Conference (IOREC) in 2012 
(IRENA, 2012f). Such systems cater to diverse loads for lighting, appli-
ances and productive uses. In developed countries, they supply electricity 
to remote areas, military bases and businesses. In developing countries, 
mini-grids mainly provide electricity to rural and remote areas without 
grid access.

Solar PV-based off-grid systems are affordable and can be deployed rap-
idly. Solar PV lighting is the most widespread option. Solar light-emitting 
diode (LED) lamps cost less than USD 20 and are powered by batteries 
recharged during the day. Their life-cycle costs are considerably lower 
than for kerosene lamps. Somewhat larger systems of 50-100 watts can 
maintain small electronic equipment. There is no clear border between 
mini-grids and off-grid supply, but mini-grids typically have a capacity of 
at least 1 MWe.
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Solar home systems (SHS) have experienced sustained growth in de-
veloping countries, and worldwide installations now surpass 5.1 million. 
Bangladesh is the global leader, having deployed more than 2.4 million 
SHS and created jobs for an estimated 70  000 people along the SHS 
supply chain. Between 1996 and 2003, some 10 000 SHS were sold to 
Bangladeshi households. Installations have since grown rapidly under the 
Infrastructure Development Company Limited (IDCOL) SHS Programme, 
reaching a cumulative 455 000 at the end of 2009 and 2.6 million as of 
November 2013. The ongoing initiative aims to install 4 million systems by 
2015, which would serve over 20 million beneficiaries or 12% of the total 
population (IRENA, 2013i).

The state-owned IDCOL achieves this outreach through more than 
46 participating organisations, such as Grameen Shakti, which has built 
on the successful micro-lending experience of the Grameen Bank (IRENA, 
2013i). The jobs in Bangladesh are mostly for young field assistants with 
basic technical and vocational skills to sell and install SHS, provide main-
tenance and collect monthly payments on solar loans as part of Bangla-
desh’s microfinance network (Bimesdoerfer, Kantz and Siegel, 2011).

Despite some commercial success in Kenya – Africa’s leader in SHS in-
stallations with 320 000 units installed in 2010 (Ondraczek, 2012) – its 
solar industry faces numerous challenges to growth and job creation. 
These include domestic financing (SHS primarily reach only the wealthi-
est rural populations), the quality of imported solar PV panels and a lack 
of technical training. Tanzania, too, has faced complications in enforcing 
quality control with SHS. These problems in Kenya and Tanzania are typi-
cal worldwide, and there are skill gaps in many developing countries, par-
ticularly for the key occupations of electrical engineers and technicians.

In lower-income rural communities, efforts to provide electricity access 
have tended to focus on small SHS. Currently, at least 5.1 million SHS are 
installed in developing countries (see Table 5.1), up from only an estimat-
ed 1.3 million in 2002 (Energypedia, 2011). Data gaps remain, however, in 
the availability and relevance of information, preventing reliable analysis 
of the number of SHS deployed globally.

Most distributed generation today is in the form of diesel generators, 
but recent growth rates and plans for solar PV systems in countries like 
Egypt, Ethiopia, Ghana, Kenya, Lesotho, Madagascar and Uganda show 
that renewables-based mini-grids are increasingly the first choice thanks 
mainly to plummeting PV prices. In most instances, a renewables supply 
option is cheaper than diesel power generation.

Mini-grids can run purely on renewables, but battery storage is needed if 
variable renewables are used. For example, solar PV with battery storage 
can be found on various island hotel resorts; Tokelau relies on solar PV 
for more than 90% of its electricity. Renewables can also be integrated in 
existing diesel mini-grids. Hybrid mini-grids solve the main problems with 
100% diesel systems: high diesel prices and low fuel availability. There are 
several hundred island mini-grids, usually including diesel generators, 

Table 5.1 Global status of solar home systems market

Year Number of systems
Bangladesh 2013 (June) About 2 400 000

India 2012 (March) 861 654

China 2008 > 400 000

Kenya 2010 320 000

Indonesia 2010 264 000

Nepal 2012 229 000

South Africa n.a. 150 000

Sri Lanka 2011 132 000

Morocco n.a. 128 000

Zimbabwe n.a. 113 000

Mexico n.a. 80 000

Tanzania n.a. 65 000

Total 5.1 million

Source: IRENA (2013i)

REmap 2030  98



5

typically in the 1-20 MWe range. Increasingly, solar PV is being added, as 
are other renewable energy sources such as wind, geothermal, biomass 
and ocean energy, where available.

Since the 1950s, the Chinese have pursued the development of small 
hydropower plants, which first operated in stand-alone mode and were 
later connected to the national grid as it expanded (Peng and Pan, 2006). 
China has an estimated 60 000 such systems (mainly diesel and small 
hydro). As of 2001-02, there were 42 000 small hydro plants with a total 
capacity of about 28 GWe.

Under the Township Electrification Programme (2003-2005), the Chinese 
government first focused on 100% renewable energy systems for village 
power. The programme built 721 solar PV and PV/wind hybrid systems 
along with 146 small hydro stations to provide electricity to 1.3 million 
people. The most recent initiative, the Village Electrification Programme 
(2005–2010), expanded the Township Electrification Programme’s suc-
cess by electrifying another 20 000 villages with renewable sources (tar-
geting 3.5 million people). By the end of 2015, China aims to address the 
challenge of providing power to its 2.73 million people without electricity, 
including 1.54 million by grid extension and 1.19 million by independent 
solar PV power supply utilisation via a total of 583 projects.

Nepal, India, Vietnam and Sri Lanka, each have 100-1 000 mini-grids. Most 
projects use diesel or hydropower generation and are government run 
(GVEP, 2011).

Most hybrid mini-grids in operation today are essentially retrofit projects 
that cobble together existing legacy assets (diesel generators) and new 
technology (PV, storage units) through an overlay of controls. Smart, bi-
directional islanding inverters are also an extremely important technology 
to enable distributed generation in mini-grids.

Mini-grids are beginning to move more into the mainstream, with a great-
er focus being placed on viable business models. The mini-grid market is 
thus much more robust than just five years ago. In the fourth quarter of 

2013, Navigant (2013b) identified 4 148 MWe of total mini-grid capacity 
throughout the world, up from 3 793 MWe in the second quarter of 2013. 
According to that source, North America remains the world’s leading 
market for mini-grids – with a planned, proposed and deployed capacity 
of 2 712 MWe, or 65% of the global total, and an additional 34 projects 
and 207 MWe since the second quarter of 2013. An estimated 1 503 MWe 
of that total is currently on line, with another 224 MWe planned, under 
development or proposed.

Use of mini-grids is growing rapidly worldwide.

Telecommunication towers represent an interesting niche market. There 
are some 650 000 such towers (averaging 3-5 kWe and accounting for 
1-3 GWe of capacity in total) in India alone. Presently, some 40% of the 
power they need comes from the grid and 60% from diesel generators. 
PV battery systems are a viable alternative that is being developed (Tata, 
2013).

Mining projects, which are often remote, represent another emerging 
market segment, as renewables can help to reduce diesel expenses. Such 
projects are being developed in Western Australia (15 TWh needed in 
the coming years), northern Chile and West Africa. A wind-diesel hybrid 
system has also been developed for a mine in Mauritania.

Another key market segment is the defence sector. More than 40 U.S. 
military bases now have operating mini-grids, or have planned mini-grids.

According to Navigant (2013b) global installed capacity of mini-grids will 
total over 15 GWe by 2022; mini-grids are worth over USD 5 billion and 
are likely to reach up to USD 27 billion by 2022. The off-grid and mini-
grid sectors will continue to grow at a higher annual growth rate for the 
next 5-6 years, while the hybrid market is expected to grow faster from 
2012-2022.

Small-scale operation raises unit costs and results in high project devel-
opment costs. Project operation and management costs per kWh are 
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higher than for large projects. The power-supply cost of mini-utilities – 
diesel or renewables based – can exceed USD 1 per kWh. Mini-grids often 
close down after only a couple of years because financial sustainability 
is not achieved. Customised financing and business models are required 
to facilitate access to these systems in rural areas. Adequate standards 
and quality-assurance mechanisms need to be in place to avoid “market 
spoilage” (IRENA, 2013j).

As distributed generation grows, self-consumption reduces demand 
for grid electricity for those with grid connections, making centralised 
systems increasingly uneconomical. This phenomenon can, for exam-
ple, be observed in South Australia. As the distribution cost per kWh 
rises, the incentive for people to produce their own electricity using 
renewables grows. This trend could result in a massive switch from 
centralised grids to mini-grids and off-grid solutions even in areas with 
grid connections.

5.1.10 Next steps for the power sector

This chapter provided detailed results for the power sector according to 
the bottom-up analysis of the 26 REmap countries as well as the latest 
information about the sector’s most important renewable technologies. 
As opposed to end-use sectors, a wide range of technologies offer 
potential for the power sector to raise its renewable energy share. The 
biggest challenge, however, is to accommodate the increasing share 
of variable renewables in the existing grid system. Overcoming this 
challenge will require approaches to identify the required technology 
measures and policy needs which are specific to the countries, as grid 
characteristics, regulatory frameworks and existing infrastructure vary 
widely. By taking these differences into account, as well as the country 
needs which originate from REmap 2030, IRENA is preparing a road-
map in 2014/15 to support countries in transforming their power grid 
infrastructure.

To support such a power sector roadmap with further analysis, and also 
in order to validate REmap 2030 results with integrated system models, 

IRENA will continue to co-operate with the IEA-ETSAP national teams as 
well as other global modelling organisations. The focus of co-operation 
will be in the fields of power system modelling and renewable energy 
integration. This will also help national and regional governments to gain 
more insight into how current approaches to energy planning can be 
improved for target setting and to understand technology deployment 
and finance needs.

5.2 Buildings

5.2.1 Overview

The building sector includes all energy consumed in residential and com-
mercial buildings. Around one-third of global TFEC is consumed in build-
ings. The share of renewables can be significantly higher in combination 
with lower energy consumption, i.e., increased efficiency. Nowhere is this 
relationship more salient than in buildings.

The sector’s energy use worldwide reached 117 EJ in 2010. Space heating 
and cooking are the largest energy users in the sector (see Figure 5.9). 
The distribution provides an important message. In addition to space 
heating – the application which receives the most attention for renewable 
energy deployment – substitution of fossil fuel use for cooking and wa-
ter heating is equally important to increase the sector’s total renewable 
energy share.

A third of all energy consumption occurs in buildings.

Energy consumption in buildings can look quite different from one region 
to another. The main distinction is whether a building needs more cooling 
or more heating. In Europe, heating is the largest single energy end-use, 
making up approximately 50% of TFEC. An average home in Europe con-
sumes 68% of its total energy demand for space heating and 14% for hot 
water, mainly in the winter and based largely on fossil fuel.
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In contrast, where air conditioning is deployed for cooling, electricity 
consumption tends to be greater in the summer than in the winter. World-
wide, at least 10% of electricity is consumed for cooling purposes; in the 
United States, cooling in buildings accounts for a sixth of total electricity 
generation. Likewise, air conditioning in the Gulf Cooperation Council 
(GCC) states accounts for 70% of annual peak electricity consumption. 

Such heavy cooling demand is expected to nearly triple by 2030. By then, 
the fuel needed to power air conditioning in the GCC will be the equiva-
lent of 1.5 million barrels of oil per day, nearly 2% of global oil production. 
Apart from biomass, only solar water heaters (0.2 EJ per year) and geo-
thermal heat (0.3 EJ per year) are deployed on a significant scale today.

Buildings offer a huge opportunity for transformation 
with renewable energy.

Table 5.2 provides a breakdown of the global building sector’s energy use 
developments by energy carrier for the years 1990 and 2010. Since 1990, 
the potential of conservation in the building sector has been repeatedly 
demonstrated. One type of architecture is known as Passive House in 
Germany and Austria or as EnerPhit in Switzerland; in accordance with 
the EU’s Buildings Directive, all new builds will have to comply with these 

Table 5.2 Global building sector total final energy consumption by 
energy carrier, 1990-2030

Reference Case
REmap 20301990 2010 2030

EJ/year
Coal  9  4  4  1

Oil 12 13 14 13

Gas 16 25 30 23

Electricity 16 33 53 55

Heat  2  6  7 7

Modern biomass  7  8  8 14

Traditional biomass 20 27 25 12

Other  renewables  0  0  5  9

Total 83 117 147 134

Source: IEA (2012b) for 1990, 2010. IRENA estimates for 2030

Figure 5.9 Global total final energy consumption of the building 
 sector by application, 2010
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Global Buildings Sector Energy Use: 117 EJ (2010) 
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Space heating, water heating, and cooking account for 84% of energy 
demand in buildings.

Source: IRENA analysis based on IEA (2010)
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standards – collectively known as “nearly zero-energy buildings” – by 
31 December 2020 (EC, 2010).

The most efficient new homes north of the Alps, where demand for 
heat dominates and air conditioners are rarely installed, have 1/20th the 
demand for heating energy of an average home built in the 1970s. Such 
buildings essentially make do with backup heaters without the need 
for central heating systems. But such buildings require proper orienta-
tion, generally with a south-facing façade. When the building has an 
east-west orientation, the potential to exploit solar energy “passively” is 
significantly reduced. Studies have shown, however, that the same type 
of architecture can be redesigned for hot countries to avoid the use of air 
conditioning (Chiras, 2002).

Energy-efficient architecture can cut demand for heat 
20-fold, but only in new buildings.

Because most buildings already exist, retrofits are all the more important. 
Furthermore, because buildings have long service lives, retrofits must im-
plement the highest standards today in order to be efficient decades later. 
But often, building owners make such investments, while tenants reap the 
benefits of lower heating bills. In addition, building owners may lack the 
expertise needed to properly assess what looks like a hefty investment 
in proper energy modernisation measures; they may then opt for more 
modest insulation with lower upfront costs.

Finally, certain types of retrofits are very costly, although the technol-
ogy may make sense in new buildings. For instance, heat pumps provide 
temperatures too low for small radiators requiring high temperatures and 
are therefore used in combination with large-surface systems, such as 
underfloor heating – which is quite expensive for retrofits.

Table 5.2 also provides a breakdown for the year 2030 for the Reference 
Case and REmap 2030. The sector’s energy use will continue to grow in 
the next two decades to 147 EJ by 2030 according to the Reference Case, 

a slower rate than observed between 1990 and 2010 – mainly because of 
the developments in fuel choice and improved efficiency of heating, cool-
ing and cooking devices. The share of electricity use is projected to con-
tinue increasing. Mainly traditional use of biomass and small quantities 
of each fossil fuel are substituted. The share of modern biomass remains 
the same at 5%, but the share of solar thermal and geothermal (covered 
under other renewables) increases to 4%.

In REmap 2030, the share of electricity use increases to 41%. The share of 
fossil fuels and traditional use of biomass decreases further. The share of 
modern biomass and other renewables reach a total of 18%.

Most industrialised countries are projected to have no or a very limited re-
newable energy share in their building sectors in the Reference Case. But 
REmap 2030 shows that a doubling can be achieved by 2030. The mod-
ern renewable share in buildings will increase from 15% to 91% in REmap 
2030 (see Figure 5.10). In the building sector, countries from all different 
regions are estimated to have high renewable energy shares, such as 48% 
in Nigeria – a considerable increase compared to its very limited use of 
modern renewable energy in 2010.

The increase in biomass capacity for space and water heating is 
130 gigawatt-thermal (GWth) in the REmap Options, reaching a total 
of 600 GWth in REmap 2030 (including CHP) for the 26 countries. 
Furthermore, 400 GWth of additional modern biomass-fired cooking 
capacity will be installed in the 26 REmap countries. Assuming around 
5 kilowatt-thermal (kWth) of cooking capacity per household, worldwide 
at least 160 million households would get modern cook stoves. Worldwide 
biomass demand in the building sector would reach about 25 EJ if 
all REmap Options are deployed (including the district heat sector), 
compared to today’s total use of about 40 EJ biomass, of which 32 EJ is 
traditional use.

A projected 650 GWth of solar thermal would be added in the building sec-
tor if all REmap Options are deployed in the 26 REmap countries, reaching 
a total installed capacity of nearly 1 900 GWth worldwide in the building 
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sector. This is seven times higher than the installed capacity in 2012. In the 
past five years, solar thermal capacity has been growing by about 30 GWth 
of net additions worldwide per year (AEE-Intec, 2007-2013). The Refer-
ence Case projection for the building sector is a somewhat higher continu-
ation of this trend, at about 40 GWth per year of additional capacity.

The growth if all REmap Options are implemented is on average 90 GWth 
per year, or three times higher than what has been experienced so far. 

This growth is on the high 
side, but it is still realisable. 
Growth in China and parts 
of the EU (which account 
for 80% of today’s installed 
solar thermal capacity) 
could continue to grow at 
about similar rates between 
today and 2030, and with 
implementation in other 
emerging markets (e.g., 
the US, some economies in 
transition, Africa and devel-
oping Asia), such high rates 
can be achieved.

There is also a considerable 
market for the electrifica-
tion of space heating and 
cooling. A total additional 
heat pump capacity of 310 
GWth exists according to the 
total of all REmap Options, 
mainly in the United States, 
Germany and China. An es-
timated 70% of the total in-
stalled capacity is air-to-air 
heat pumps; the remaining 

30% is geothermal heat pumps. The total number of heat pumps reaches 
40 million worldwide in REmap 2030 (excluding air conditioning sys-
tems).

5.2.2 The impact of urbanisation

It is expected that between 2010 and 2030, around 1.4 billion people 
will join the 3.5 billion people already living in cities (UN DESA, 2012). 

Figure 5.10 Current and projected share of renewable energy in building sector TFEC, by country, 2010-2030
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The average share of renewables in building energy consumption is 38%, with the share in each country ranging 
from 15% to 91%.

Note:  Results presented in this figure refers to renewable energy share of the sector’s TFEC, thereby including the contribution of renewable electricity and district 
heat consumption (see Indicator 1 in Chapter 2.3).
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In other words, total population growth will occur primarily in cities. For 
the REmap countries, it is expected that almost 900 million people will 
be added to their cities, mostly in India (238 million), China (233 million), 
Nigeria (85 million) and the US (57 million) (see Figure 5.11). On a relative 
scale, the largest changes will take place in China, Nigeria, Morocco and 
Malaysia, where urbanisation rates will increase more than 10%.

The influx of almost 900 million people will have important impacts on 
energy consumption in the building, power and transport sectors. The 
Global Energy Assessment (GEA) City Energy Data Base suggests that 
urban dwellers in OECD countries, on average, consume one-third less 
than the national average, and that urban dwellers in non-OECD countries 
consume more (about twice) final energy per capita than their respec-
tive national averages. Per capita direct final energy use (which includes 
energy consumption due to economic activities) is on average around 
100 GJ. The higher energy consumption in OECD countries is due to lower 
transport energy use and less energy-intensive service activities, while 
the higher energy consumption of urban dwellers in non-OECD countries 
is due to higher incomes relative to the national average, particularly in 
Asia (GEA, 2012).

However, these comparisons between urban and rural household con-
sumption depend on the specific country and on the characteristics of 
the specific cities. In China, rural residential energy consumption is around 
10-15 GJ per capita higher than the 5 GJ of final energy demand per capita 
in urban households, due mainly to the demand for solid fuels for cook-
ing. It is projected that energy demand for urban households will increase 
to around 10 GJ per capita in 2030, due mainly to growth in electricity 
consumption (Krey et al., 2012).

In the building sector, more than 200 million new dwellings need to be 
constructed in this time period – the energy efficiency of these buildings 
will have important impacts on future energy consumption. The expected 
decline in urban household size will exacerbate the need for more floor 
space. It is therefore very important that all new dwellings are construct-
ed using the latest energy efficiency standards. The Global Buildings Per-

formance Network provides a comparative overview of the latest energy 
efficiency policies for new buildings (GBPN, 2013).

Another important consideration is the level of income for these ur-
ban dwellers. Household energy consumption in Cape Town is around 
3 000 kWh per year for low-income households, and 9 000 kWh per year 
for mid- to high-income households (Winkler, et al., 2006). In this par-
ticular case, the major difference lies in space and water heating demand. 
As income in urban households increases, it is expected that electricity 
consumption will also increase. At the same time, and especially in de-
veloping countries, a large number of the new dwellers are low-income 

Figure 5.11 Population growth in urban areas between 2010 and 2030, 
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households. Many of these households will arrive in slums with limited 
infrastructure. In 2010, 10% of urban dwellers in developing countries still 
had no access to energy and 30% had no access to modern fuels.

For the transport sector, infrastructural design will be the decisive fac-
tor, with evidence suggesting that there is a clear correlation between 
population density and transport energy consumption (Dargay, Gately 
and Sommer, 2007; Stone 2008). Those countries with lower use of pri-
vate motorised modes of transport will have substantially lower energy 
requirements. In general, the private use of motorised vehicles is below 
40% if a city has an urban density higher than 50 persons per hectare 
(GEA, 2012).

5.2.3 Heat from biomass, solar and geothermal

Biomass has been used traditionally for heating, with applications rang-
ing from open fireplaces to stoves. In more modern uses, biomass is 
combusted in efficient boilers and furnaces. Compared to traditional 
uses, however, modern use of biomass today is limited, with about 20% 
of total biomass use for heating in the building sector. The majority of 
biomass used for heating is solid biofuels, which include wood logs and 
twigs, wood chips and saw mill residues, and pellets. In some countries, 
agricultural residues, such as straw, are also used, especially in rural areas.

Combusting wood pellets, or wood chips, in efficient boilers could reach 
the efficiencies of natural gas or coal-based equivalents. In 2012, Europe ac-
counted for about 60% of the global pellet demand, equivalent to 10 million 
tonnes of solid biomass. About half of the pellets in Europe were consumed 
in small heating appliances (boilers and stoves), with the other half going to 
the power sector and large-scale CHP plants. Germany’s wood pellet pro-
duction reached 2.25 million tonnes per year in 2012. Nearly 300 000 wood 
pellet heating units were installed in Germany, most of them smaller than 
50 kWth capacity (EUWID, 2014).

Pellet boilers are the primary heating equipment in small and mid-size 
installations, while pellet stoves are used as a complementary heating 

option. The number of pellet boilers installed is increasing; in the last dec-
ade around 200 000-300 000 boilers were sold per year. Stoves are also 
increasingly becoming important, with demand for pellets rising by be-
tween 0.5 and 1 million tonnes per year. Biomass-based heating demand 
in Europe alone is projected to increase to more than 20 million tonnes by 
2020, a more than doubling compared to current use of biomass (Wood 
Markets, 2013).

In industrialised and developed countries outside of Europe, demand 
for modern forms of bioenergy is increasing as well. Projections show 
that total demand for wood pellets in North America, Japan and South 
Korea could reach more than 10 million tonnes by 2020 (Wood Markets, 
2013). As a result of increasing energy demand, and the traditional use 
of biomass as one of the main energy sources in the building sectors of 
most developing countries, the demand for traditional use of biomass is 
projected to increase at similar rates observed in the past. China’s wood 
pellet demand is projected to reach approximately 10 million tonnes per 
year by 2030 (Wood Markets, 2013).

According to global market data from the IEA Solar Heating and Cooling 
Programme, solar water heating capacity reached 234.6 GWth (equivalent 

Box 5.4 Modern bioenergy options for cooking
Perhaps more than any other substitution, the use of modern renewables 
in cooking – instead of traditional use of biomass or fossil fuels – consider-
ably raises standards of living when people do not produce soot and smoke 
while preparing meals. Biogas can be directly used for cooking, as is still a 
common practice in China and India. It can also be upgraded and sold to 
the natural gas network, an emerging option in countries such as Germany.

Ethanol as a cooking fuel is an emerging option, although dedicated stoves 
are needed. In Africa, the first supply chain has been established in Mo-
zambique. Advanced cooking stoves also fall in this category. Their uptake 
is still relatively low, but they can raise stove efficiency by a factor of two 
compared to traditional cooking. Modern solid fuels, such as briquettes, are 
promoted in Africa, but sustainable charcoal is controversial.
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to 335.1 million m2) at the end of 2011; the net growth in 2012 was esti-
mated at 33.5 GWth, bringing the total to 268.1 GWth (AEE-Intec, 2013). 
Solar can be used here both in combination with gas boilers or in purely 
solar units.

The use of solar hot water heaters in China has continued to increase, and 
accounting for over 65% of global installations (AEE-Intec, 2013). Around 
40% of all new Chinese water heaters use solar. In addition to subsidies 
and obligations, this growth is driven in part by the cost competitive-
ness of solar water heaters with traditional energy sources. China added 
a total capacity of 44.7 GWth in 2012. In contrast, the net increase was 
only 28.2 GWth because the life span of installations is less than ten years 
(Frankfurt School-UNEP Centre/BNEF, 2013).

In contrast, the EU and Switzerland installed 2.6 GWth of solar water 
heaters in 2011, a similar volume as in the preceding year. In Europe, the 
solar thermal market has grown by 9% a year on average over the last 
decade (ESTIF, 2013), although it contracted slightly in 2009-10 due to 
the financial crisis. Growth is likely to continue as China aims to boost the 
country’s solar water heating capacity to 280 GWth by 2015 and 560 GWth 
by 2020.

Geothermal heat production capacity amounted to 48.5 GWth in 2010, 
with 424 petajoules (PJ) of production which includes both ground-
source heat pumps (or shallow geothermal, GSHP) and deep geothermal 
heat. Around 47% is used for ground source heat pumps, 26% for baths, 
15% for space and district heating, 8% for industry, agricultural drying and 
greenhouses and 3% for fish farming (Lund , Freeston and Boyd, 2011). 
According to Lund, Freeston and Boyd (2010), GSHP accounted for ap-
proximately 70% of the worldwide installed capacity in 2010 (equivalent 
to 49% of the total global geothermal heat production from all sources). 
The remaining 30% of installed capacity is deep geothermal.

China, the United States, Sweden, Turkey and Japan are the leading coun-
tries accounting for more than 60% of the global installed capacity of GSHP 
and deep geothermal energy. While in the United States and Sweden, GSHP 

is the main use of the technology, in China, Japan and Turkey, geothermal 
heat is used for district heating and bathing. Most use in the United States 
is for peak cooling, which means they are oversized for heating. Over 
600 schools in Texas now have GSHP, whose main purpose is cooling. In the 
United States, the GSHP market is growing at about 12.5% per year, and in 
Iceland almost 90% of space heating is from geothermal sources.

Navigant Research forecasts that installed geothermal heat produc-
tion capacity will grow to about 127 GWth worldwide in 2020 (Navigant, 
2013c). Global cumulative installations of GSHP are expected to grow 
from 2.9 million in 2010 to 5.7 million in 2015, equivalent to an annual 
growth rate of 14%.

5.2.4 Heat pumps

Heat pumps essentially use electricity to provide heating or cooling to a 
building from the ground (see above for GSHP), the outdoor air or even 
nearby bodies of water. They are used for air conditioning, refrigeration, 
space heating, hot water supply, cold storage warehouses, and process 
heat and steam for industry.

Heat pumps are energy efficient, providing three to six units of useful 
heating/cooling energy for each unit of electricity consumed, compared 
to less than one unit of thermal energy for each unit of energy consumed 
by traditional heating systems. The coefficient of performance (COP) 
is the ratio of the energy output to the energy input. Today’s best heat 
pumps offer COP values of as much as seven, as well as high reliabil-
ity under a wide range of operating conditions. In particular, significant 
advances have been achieved for air-source heat pumps, mostly for air 
conditioning. Some models of air-source heat pumps provide indoor 
space heating even with outdoor air temperatures as low as -25 oC, while 
keeping COP values greater than one.

With capacities between 1 kWth and 10 megawatt-thermal (MWth), heat 
pumps can provide heating and cooling to single houses or to entire dis-
tricts, next to industrial applications for temperatures from below -100 oC 
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to above 100 oC. Although efficiency has improved substantially in the 
past decades, it is expected to continue improving by 20-50% between 
now and 2030.

Although the economics and market penetration of heat pumps have im-
proved significantly, their contribution to space and water heating is still 
relatively modest except for some industrialised countries. Given the large 
share of heat demand for space heating/cooling and hot water supply in 
buildings, highly efficient heat pumps have a key role to play.

Furthermore, because heat pumps mostly use the renewable sources 
of heat and sinks (apart from electricity), they contribute significantly 

to the penetration of renewable energy. Heat pumps are considered a 
renewable energy technology in the EU, where they are expected to ac-
count for between 5% and 20% of the region’s renewable energy target 
for 2020 (IRENA/IEA-ETSAP, 2013b). Several countries (e.g., the US, the 
UK, Australia and Japan) grant tax reductions, subsidies or other benefits 
to facilitate its use.

Because significant differences exist in national standards and regula-
tions to measure heat pump performance, their contribution to the 
penetration of renewable energy is not well captured in today’s energy 
statistics. To support heat pump deployment, national standards should 
be harmonised, consumers should be fully informed of the efficiency of 
heat pumps, and the investment costs of heat pumps should be reduced.

5.2.5 Renewable cooling

While air conditioning improves productivity, reduces mortality rates and 
is generally held to improve standards of living, it also poses a particular 
challenge as a part of a vicious cycle within climate change. As the cli-
mate warms up, demand for cooling will increase, thereby contributing 
to (fossil) energy consumption, which in turn speeds up climate change. 
Renewable cooling applications are therefore crucial. Because demand 
for cooling generally coincides with sunlight, countries with a high level 
of air conditioning will generally be able to get a larger share of their 
electricity from solar PV without storage.

The Dutch Environmental Assessment Agency estimates that energy 
demand for air conditioning could increase by 72% as a result of cli-
mate change between 2000 and 2100 (Isaac and van Vuuren, 2009). 
At present, the world consumes roughly 12 times more energy for heat 
than cooling, but those levels could equal out by 2070, and by 2100 the 
world might be consuming 60% more energy for air conditioning than 
heat. Worldwide, the energy consumed for air conditioning in the world 
outside the US would be 50 times greater than the current level in the 
United States if everyone had the same level of air conditioning services 
as Americans currently do (Sivak, 2013).

Box 5.5 Refrigeration
Cold can be stored, for example in the form of ice. Here lies an opportunity 
to store solar energy.

Approximately 4 000 ice storage systems for air conditioning are in use 
in the United States, along with 8 000 worldwide. Buildings have installed 
massive ice-making tanks in their basements or on rooftops. Water is frozen 
at periods of low electricity prices to produce gigantic blocks of solid ice, 
which are melted when electricity is most expensive. The ice is used to chill 
air circulated throughout the building to help cool rooms. The relevance 
of this option for solar depends on the demand structure. It seems less 
relevant for office buildings with daytime peak demand, but may be more 
relevant for hotels or dwellings with an evening peak.

The total capacity of refrigerated warehouses is estimated at 460 million 
cubic metres (m3) worldwide in 2012, an increase of roughly 10 million m3 
over 2010. The largest 25 companies account for about a quarter of this 
capacity. At 50 kWh per m3 per year of total electricity demand, the total 
demand is 24 TWh – small on a global scale, but energy costs make up a 
significant share of total cost.
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Globally, air conditioning will account for roughly 5 EJ of electricity de-
mand in 2030 (nearly 10% of the sector’s total electricity consumption). 
Nearly 100 million cooling units are currently sold each year, roughly half 
of which are room air conditioners. After a brief downturn during the eco-
nomic crisis, the market has picked up again with 13% growth year-over-
year in 2011. Overall, the market is currently worth nearly USD 100 billion 
annually.

Asia-Pacific is the largest production site and buyer’s market, but North 
America has the largest installed base. In fact, the United States con-
sumes more energy for air conditioning than the rest of the world com-
bined, although other countries are closing the gap.

If the rest of the world used the same level of cooling 
in buildings as the US does, energy demand for air 
conditioning would be 50 times the current demand for 
cooling in the US.

In the UAE, air conditioning reaches up to 60% of total power demand. 
Sustainability-oriented building codes for Abu Dhabi (i.e., Estidama) and 
Dubai were implemented recently but were not in force when the major-
ity of the existing building stock was completed. Power consumption for 
space cooling accounts for 14.6% of total building energy consumption 
in the UAE, a figure based largely on data from commercial buildings. In 
reality, much of the load reported as “appliances” in residences is prob-
ably also air conditioning.

At present, some 87% of households in the United States have air con-
ditioners (compared to 62% in China in 2003 – up from 1% in 1990), and 
the Chinese are adding some 50 million air-conditioning units per year. 
India is currently at quite a low level, with only 2% of households having 
air conditioning in 2007, but that market is growing by a double-digit 
percentage annually.

5.2.6 District heating
District heating networks distribute waste heat from a local power gen-
erator to nearby homes and businesses to provide space heating, hot 
water and, very seldom, process heat. However, most industrial processes 
generate their own process heat with boiler/CHP plants on-site. District 
heat is a necessity for the use of CHP, which is the most efficient way to 
use biomass for energy production. A high level of district heat supply 
for space heating is an efficient way of increasing renewable energy in 
space heating.

The energy source is often (92%) oil or gas, which is not renewable. The 
goal is then to increase the efficiency of finite resource consumption. 
Biomass accounted for most of the renewables (>7%), with geothermal 
and solar thermal making up the remainder. In Germany, one-third of 
Buesingen village in Konstanz is heated with solar thermal technology, 
accounting for about 15% of the annual heating demand. On winter days, 
biomass from the region is also used for heating (die Zeit, 2013).

Worldwide, 11.5 EJ of heat was delivered from district heating systems in 
2011 – around a quarter of all low-temperature heat below 100 oC – includ-
ing in Russia (around 7 EJ) and China (2.8 EJ). The share of renewable 
energy in district heat varies, with nearly 80% in Iceland (geothermal 
heat), 42% in Latvia, 32% in Norway and 20-25% in Austria, Denmark and 
Estonia (Euroheat & Power, 2013).

In the EU, 10% of all heat is supplied through district heat. In most of these 
countries, this heat is sold largely to the commercial and residential sec-
tors. About 20% of it is generated with renewable resources (notably bio-
mass and waste) (DHC Platform, 2012). In the United States, around 4% of 
all heat is supplied through district heating systems. In Commonwealth of 
Independent States (CIS) countries, district heat use is also widespread, 
but losses are significant because pipes are not well insulated.

Russia has the largest district heat sector worldwide, and Germany is the 
largest market in Europe (Euroheat & Power, 2013). The US and South 
Korea are the biggest producers among industrialised countries outside 
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of Europe. District heat in China is also becoming more important. Ex-
perience in some EU countries (e.g., Hungary and Poland) and in South 
Korea shows, however, that demand for district heat is declining due to 
improvements in the energy efficiency of buildings. Demand for district 
heat may also be limited because individual boilers or heat pumps could 
be a more cost-effective source of space heating.

In the Reference Case, district heat production is projected to increase 
by more than 50% between 2010 and 2030 to a total of 15 EJ. Together 
with the increase in the heat output of CHP plants (7 EJ, an increase of 
only 29%), total heat demand worldwide could reach 22 EJ. The largest 
increase is estimated for China, with a doubling of the total demand for 
heat from CHP and district heat plants. Demand for district heat will also 
at least double in Ukraine and Canada by 2030 compared to 2010.

In REmap 2030, Germany increases its district heat sector’s renewable 
energy share the most, from 21% in 2010 to a total of 59% in 2030. A large 
increase in China could also be realised where the renewable energy share 
reaches 30% by 2030, mainly from biomass. Total biomass demand in the 
26 REmap countries could reach 5 EJ in 2030 if all REmap Options are 
deployed.

5.2.7 District cooling

In district cooling, naturally chilled water is transferred through pipes. The 
energy source is either natural cooling from different water resources or 
waste heat. Electricity use for cooling purposes can account for a large 
share of the total electricity demand (up to 10%). In North America, devel-
oped Asia-Pacific and Middle East countries, cooling is common. Cooling 
demand is projected to grow in the coming decades, so district cooling is 
an important market for renewable energy and electricity conservation.

Worldwide, more than 30.6 TWh of cooling was delivered through 
31.4 GWth of district cooling systems in 2013, of which there is nearly 
10 GWth in the UAE and more than 16 GWth in the United States. In Europe, 
2% of all cooling is supplied through district cooling systems, a rapidly 

growing market segment (DHC Platform, 2012). So far, the use of solar 
absorption systems has been limited to demonstration plants, but the 
approach could in principle be combined with district cooling. The cost 
effectiveness of this solution must be compared with solar power genera-
tion combined with compression chillers.

5.2.8 Next steps for the building sector

This chapter provided detailed results for the building sector according 
to the bottom-up analysis of the 26 REmap countries as well as the lat-
est information about the sector’s most important renewable technolo-
gies. The most important applications where modern renewable energy 
technologies will play a role to substitute fossil fuels are space and water 
heating next to cooking. The sector is unique in terms of its traditional use 

Box 5.6 Seasonal storage of heat and cold
Seasonal storage is an emerging option. The campus of the Swiss Federal 
Institute of Technology in Zürich (ETH-Zürich) was heated with a 40 MWth 
oil furnace, but in 2007 this was replaced with a modern geothermal sea-
sonal storage system. The system cost CHF 38 million with an expected 
payback of only eight years. The system includes a set of 100 boreholes up 
to 500 metres deep, creating a natural heat reservoir of a million tonnes of 
soil and rock. With a storage capacity of 2.6 million kWh of heat, the inno-
vative system deployed specially designed flow tubes in the boreholes as a 
means of reducing costs significantly. These boreholes use less-expensive 
flexible tubes and membranes instead of tubes cast in concrete.

Along with a heat pump (with a COP as high as 10 on the coldest winter 
days) and a low temperature heating system with a 28 oC inlet temperature, 
the system generates heat extremely efficiently. The system is “charged” 
in summer while providing cooling, and the heat is used in winter. New 
technology would also allow deeper boreholes where higher tempera-
tures would be accessible. The cost of drilling is constant per metre down 
to 500 metres depth. The temperature profile in the ETH soil is 3 oC per 
100 metres of depth. A temperature of 26 oC at 500 metres depth allows 
recovery at 17 oC at the surface (ETH Zürich, 2013).

REmap 2030  109



5

of biomass in developing countries, and its substitution will be increas-
ingly important in the next decades. Substitution is of particular challenge 
because traditional use of biomass for cooking or heating is part of the 
lifestyle in most developing countries and also because the energy de-
mand for building will continue to increase. For a better understanding of 
the challenge ahead, the actual consumption volumes need to be known, 
which are currently subject to large uncertainty.

Next to improving energy access, improving energy efficiency of the sec-
tor will be key in order to attain the objective for renewable energy. The 
sector has tremendous potential to improve energy efficiency through 
passive houses and other options (e.g., heat pumps), but the realistic po-
tential needs to be better understood. In 2014/15, IRENA will expand its 

work to identify synergies and develop strategies for renewable energy, 
energy efficiency and energy access nexus.

5.3 Transport

5.3.1 Overview

The transport sector deals with the energy use of all transport modes: 
road, rail, aviation and navigation. Transportation accounts for around 
30% of global TFEC and is dominated by road transportation (passenger 
cars and freight transport), which accounted for three-quarters of the 
sector’s TFEC in 2010 (see Figure 5.12). Total light vehicle production in 
2012 reached 81.5 million, of which 66.7 million were passenger cars and 
the remainder were primarily light trucks (Renner and Gardezi, 2013). 
Aviation (including aviation bunker fuels) accounted for 11% of TFEC in 
the transport sector in 2010, and sea transport (including marine bunker 
fuels) accounted for around 10%.

Table 5.3 provides a breakdown of the global transport sector’s energy 
use by energy carrier for 1990 and 2010. The sector’s TFEC has increased 

Figure 5.12 Global total final energy consumption of the transport 
sector by mode, 2010
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Road travel makes up 75% of energy use in transport, much of which 
could be electric.

Source: IEA (2012b) and IRENA analysis

Table 5.3 Global transport sector total final energy consumption by 
energy carrier, 1990-2030

Reference Case
REmap 20301990 2010 2030

(EJ/yr)
Oil – Ships and planes 14 21 25 25

Oil – Road and rail 48 71 94 75

Electricity  1  1  2  5

Biofuels  0  2  6 16

Other fuels  3  4  5  5

Total 66 99 132 123

Source: IEA (2012b) for 1990, 2010. IRENA estimates for 2030
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similar rates in the next two decades, 
from 99 EJ in 2010 to 132 EJ by 2030, 
according to the Reference Case. The 
use of oil products for road and rail 
transportation will account for 71% of 
the sector’s TFEC by 2030. The share 
of biofuels will more than double to 5% 
by 2030 to a total of 6 EJ, whereas the 
share of electricity will remain the same.

In REmap 2030, biofuels use nearly tri-
ples to 16 EJ and electricity use reaches 
5 EJ. Liquid biofuels and electric vehi-
cles (including trains) substitute mainly 
the use of oil products for road and rail 
transport.

The transport sector is where renew-
able energy has made the least pro-
gress – and where biomass can quickly 
reach the limits of its sustainability. A 
larger share of renewables in the trans-
port sector will almost certainly entail 
a modal shift – from individual, fossil-
powered mobility to electric and hybrid 
vehicles with greater public transport. A 

shift to renewables in transport thus depends not only on technological 
advances, but also on behavioural and societal changes. The best part 
is that the public could view these tremendous gains in environmentally 
friendly energy as progress – as an improvement in the standard of living, 
not as a luxury that has to be foregone for the sake of the planet.

Figure 5.13 shows developments in the sector’s renewable energy share 
for the 26 REmap countries and by country. The renewable energy share 
in the transport sector will increase from 3% to 17% in REmap 2030, 
mainly from increased use of liquid biofuels. The transport sectors of 

by 50%, from 66 EJ in 1990 to 99 EJ in 2010, but the breakdown by car-
rier has changed little. Oil products account for about 93% of the sector’s 
TFEC, mainly for road transportation. The share of electricity (1%) and 
other fuels (e.g., natural gas) (4%) remained the same in the entire period. 
Biofuels have gained a market share of 2% in 2010 from no use in 1990. 
All of the growth in electricity consumption in transport came from the 
rail sector.

Table 5.3 also provides a breakdown for the year 2030 for the Reference 
Case and REmap 2030. The sector’s energy use will continue to grow at 

Figure 5.13 Current and projected share of renewable energy in the transportation sector, by country,  
2010-2030
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a number of countries exceed a 20% renewable energy share. Demand 
for liquid biofuels will originate from all countries; however, since feed-
stock availability is distributed unevenly, the trade of liquid biofuels will 
increase. Likewise, innovation will play a key role in the development of 
more efficient technologies to utilise primary biomass for biofuels, as 
resources are constrained.

With all Remap Options deployed advanced biofuels 
will cover 37% of demand for bioenergy liquids by 
2030.

In the 26 REmap countries, about 8.2 EJ of additional biofuels could be 
added by 2030 according to the REmap Options, roughly half of which is 
advanced biofuels, which brings total biofuel demand to approximately 
13 EJ. About 8 EJ of bioethanol demand will be first generation; another 
3 EJ, second generation. Biodiesel use is projected to reach 2 EJ. Total liq-
uid biofuels demand is equivalent to 16 EJ, or 650 billion litres, worldwide 
in REmap 2030 – six times more than in 2010.

Compared to scenario estimates of different organisations which yield 
a range of 5-19 EJ for liquid biofuels demand in 2030 (IRENA, 2014j), 
REmap 2030 is found to be plausible. The demand for liquid biofuels is 
equivalent to a growth of 11% per year between today and 2030. This 
may be lower than the growth between 2000 and 2012 of about 19% per 
year, but it is still considerable especially given the slowdown in biofuels 
production in the past years and the investments in key regions such as 
Brazil. Realising the high share of renewable energy from liquid biofuels 
in the transport sector will therefore require special attention from policy 
makers and the energy industry to develop cost-competitive and sustain-
able advanced biofuels in the coming years.

The transport sector could double its share of electricity use if all REmap 
Options are deployed. Most structural changes towards electrification 
(such as high-speed trains instead of busses) are taken into account 
in the Reference Case. The additional electrification potential lies in in-

creased use of plug-in hybrids and battery-electric passenger vehicles. 
In the REmap Options, up to 900 PJ of additional electricity will be used 
by these vehicles. About 80% of the consumption will be related to pas-
senger road vehicles, with the remaining 20% for light-freight vehicles. 
Worldwide, the total number of battery-electric vehicles and plug-in 
hybrids in operation is estimated to reach 160 million in REmap 2030, or 
approximately 10% of the total passenger car stock2.

5.3.2 Conventional and liquid biofuels

Biofuels consumption for land transport grew from around 417 PJ in 2000 
to 2 410 PJ in 2010. Bioethanol consumption grew from 272 PJ in 2000 
to 1 426 PJ in 2010, an annual growth rate of 18%. The growth in biodiesel 
was even faster in percentage terms, from just 18 PJ in 2000 to 616 PJ in 
2010, an increase of 42% per year. Other liquid biofuels also grew, but 
at a rather modest rate of 11% per year from 126 PJ in 2000 to 368 PJ in 
2010. Biofuels demand is expected to grow further from 120 billion litres 
in 2013 to around 190 billion litres by 2022, according to recent research 
from Navigant (2014a) – an annual growth rate of 5.2% per year.

In 2010, some 84 million tonnes of conventional biofuels based on crops 
containing starch, sugar or vegetable oil were delivered, representing 
some 104 billion litres (85 billion litres of bioethanol and 19 billion litres of 
biodiesel) – enough to cover 2.7% of global transportation fuels demand. 
Production grew from 1.83 million barrels per day in 2010 to 1.87 million 
barrels per day in 2011 and 2012. The outlook for 2013 is for total liquid 
biofuels production to grow to 2.02 million barrels per day (IEA, 2013b). 
Finally, biogas is starting to be more widely deployed in countries such 
as Germany, Finland and Sweden, with a few hundred refuelling stations 
to date.

2 This refers to the total number of EVs if all were to operate with 100% electricity (total renewable 
electricity consumption of approximately 3 EJ). In reality, EVs would consume a mix of renewable 
and fossil fuel-based electricity from the grid, and in REmap 2030 the share of renewable electric-
ity is 44%. Accounting for the share of power originating from fossil fuels, total electricity demand 
of EVs would be equivalent to 6.8 EJ and would translate to as much as 360 million EVs in REmap 
2030. This is more than 20% of the global passenger car stock.
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The largest producers of bioethanol are the United States 
and Brazil (see Figure 5.14). The United States produced 
around 60% of the global total in 2012, with Brazil ac-
counting for around a quarter. Other major producers are 
Canada, China and Europe. In contrast, Europe, the third 
largest producer, accounts for only around 5% of global 
production. Production of bioethanol in the United 
States is based almost exclusively on corn as a feedstock, 
whereas in Brazil sugar cane is used. Global cane pro-
duction amounted to 1 794 million tonnes in 2012. Brazil 
accounts for around 41% of global sugarcane production, 
followed by India (19%). Around a quarter of sugar cane 
is used for bioethanol production, with the rest devoted 
to sugar production. A five-fold increase of sugarcane 
ethanol production would require another 125 million 
hectares, equal to 1% of agricultural land in Brazil.

The use of bioethanol is limited because it can corrode 
fuel tubes. Stainless steel tubes add little cost and solve 
the problem but are not yet applied universally. This lim-
its the share of bioethanol to around 10% of the blend. 
On the other hand, bioethanol is a more stable chemical 
compound than petrol, which allows a higher compres-
sion ratio during combustion to yield a higher conver-
sion efficiency. Flex-fuel vehicles have been designed to 
operate on a variable mix and adjust the compression ratio depending on 
the mix. In Brazil, the majority of cars sold are flex-fuel vehicles, but this 
practice is not the rule worldwide.

Global biodiesel production grew 47-fold between 2000 and 2013 (see 
Figure 5.15). Europe, where biodiesel production grew from 17  PJ to 
378 PJ (around 10 million tonnes) in the same period, has led the growth. 
The rapid growth in biodiesel has been driven by the biofuels mandate; 
also, the large share of diesel light-duty vehicles in Europe means that 
any mandate for biofuels requires a greater proportion to be biodiesel. 
Brazil increased its production of biodiesel from zero in 2005 to 2.5 

million tonnes in 2013 to become the world’s second largest biodiesel 
producer, thanks to a mandate that sales of diesel should include 5% 
biodiesel.

Biodiesel production in Europe, around 327 PJ in 2011, was around 5% 
lower than in 2010, with production facilities running at only around 
39% of capacity in 2011 (IEA, 2012b; EBB, 2013). Production is influenced 
strongly by policy and the relative economics of domestic production (in-
fluenced heavily by variations in feedstock costs) and the cost of imports. 
For instance, the German biodiesel market collapsed overnight when tax 
exemptions were revoked.

Figure 5.14 Global ethanol production, by country and region, 2007-2013
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Likewise, biodiesel production in North America fell by around 39% in 
2010 compared to 2009 after the expiration of the biodiesel tax credit 
(IEA, 2012b; US EIA, 2012). However, the retrospective reinstatement 
of the credit at the end of 2010 saw biodiesel production in the United 
States in 2013 dramatically reverse this decline, and production increased 
to around 139 PJ in 2013, 3.4 times the 2010 level.

Stop-and-go policy support has hampered biofuels 
growth.

Rapeseed is the feedstock for more than half of global biodiesel produc-
tion. In 2009, rapeseed was used as the feedstock for around two-thirds 

of biodiesel in the EU, with 13% from imported palm 
oil, 10% from soybeans, 4% from refined vegeta-
ble oils and 3% each from sunflowers and tallow 
(Hamelinck et al., 2012). Argentina and Brazil also 
produce significant quantities of biodiesel, pre-
dominantly from soybeans. In the United States, 
biodiesel production in 2012 was based primarily 
on soybean oil, although significant quantities of 
canola oil, corn oil, tallow, and white and yellow 
grease were also used (US EIA, 2013). Thailand, 
Malaysia, Colombia, Indonesia and Singapore all 
produce biodiesel from palm oil.

The biofuels described above are controversial be-
cause they rely on food crops. Advanced biofuels 
based on lignocellulosic crops (wood and straw) 
produce ethanol and diesel substitutes from the 
woody parts of existing food crops (i.e., the parts 
not eaten) and from other crops that thrive on land 
not suitable for food crops (such as switchgrass and 
jatropha).

Production of advanced biofuels is just taking off, 
with only a few plants in operation worldwide. Advanced biofuels ac-
counted for around 0.2% of total biofuel production in 2012. As of late 
2012, 230 million litres of cellulosic biofuels capacity was available world-
wide, more than twice as much as in the previous year. The United States 
has a capacity of 120 million litres, including the biomass-to-liquids plant 
completed by KiOR and Ineos at the cellulosic bioethanol plant in Florida.

Elsewhere, Borregaard has 20 million litres of cellulosic bioethanol 
capacity in Norway; Beta Renewables has 75 million litres of capacity 
from agricultural waste in Italy; and Brazil has an installed capacity of 
40 million litres from sugarcane bagasse and straw (operation starting 
in the beginning of 2014). Another five plants in the United States with 
an average capacity of 75 million litres per year per plant will process a 

Figure 5.15 Global biodiesel production, by country and region, 2006-2013
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variety of feedstocks to produce cellulosic bioethanol, with production 
starting in 2014 (Sheridan, 2013). At present, the investment costs for 
a cellulosic bioethanol plant are more than three times greater than 
for a corn-based plant. Although feedstock costs are lower, the cost of 
cellulosic bioethanol is still considerably higher than for first-generation 
bioethanol (IRENA, 2013c).

It is projected that global production capacity for advanced biofuels will 
grow to more than 1.2 billion litres in 2015. The bulk of the growth will 
take place in the United States, but advanced biofuels still account for 
only around 1% of global biofuel production. Some sources estimate that 
biofuel production could triple to more than 300 billion litres in 2030 
(Novozymes, 2012). At that point, 20% of agricultural residues would 
be used as feedstock. This should be considered a high estimate for 
advanced biofuels production.

Advanced biodiesel could be produced from a variety of feedstocks 
including wood, waste or jatropha through a combination of gasification 
and biomass-to-liquids routes. Higher-quality biodiesel can be obtained 
(e.g., NExBTL biodiesel) compared to conventional biodiesel. This allows 
for higher blending, with fewer or no problems in the logistics of fuels or 
in automobile engines. Another possible route for biodiesel production 
is the hydrotreatment (or refining) of non-food oils, although also 
including animal fats. Technology is already fully commercialised for 
the hydrotreatment of vegetable oils, with two plants in Finland and 
two others in Singapore and the Netherlands in operation (four plants 
with a total capacity of 2 million tonnes per year). Another wood-based 
biorefinery is expected to start operation in 2014 in Finland to produce 
biodiesel with a total capacity of 0.1 million tonnes per year (UPM, 2012). 
A commercial-scale plant in the Netherlands is producing bio-methanol 
from glycerin with a total installed capacity of 0.2 million tonnes per year.

Another liquid biofuel which has potential for both diesel and petrol 
engines is biomass-based dimethyl ether (DME). The first bio-DME plant 
in the world running with black liquor gasification located in Sweden has 
a total production capacity of 4 tonnes per day. Total field test mileage 

reached at the end of 2012 was approximately 825 000 kilometres with 
a maximum truck mileage of 183 588 kilometres. The field test target for 
June 2014 is to reach 1 475 000 kilometres, with a single truck reaching 
300 000 kilometres (BioDME, 2013).

5.3.3 Electric mobility

Electricity can play an important role as a clean energy source without 
local air pollution and greenhouse gas emissions. EVs are 2-3 times more 
efficient than those with internal combustion engines (ICE). As the share 
of renewables rises in electricity production, EVs will facilitate the switch 
to renewable energy in overall supply. In return, the greater the share of 
renewables in power supply, the more environmentally friendly our elec-
tric mobility becomes.

Electric vehicles are 2-3 times more efficient than 
conventional cars.

A vehicle that relies completely on electricity for motive power is referred 
to as an EV or sometimes a battery-electric vehicle (BEV). An EV has 
no internal combustion engine; a battery pack supplies electricity to an 
electric motor (or motors), which convert the electricity into mechanical 
energy. The battery also provides all the auxiliary power required (for 
lights, air conditioning, etc.). The battery is recharged from an electricity 
source and from regenerative braking.

Hybrid-electric vehicles (HEVs) combine a battery with an electric mo-
tor and an internal combustion engine, usually running on petrol, but a 
diesel motor is also possible. The internal combustion engine can then 
be switched off at idle and low speeds, when the vehicle runs purely on 
electricity; alternatively, the electric motor can provide additional power 
to complement the internal combustion engine when required. The bat-
tery is recharged via regenerative breaking or by the internal combustion 
engine.
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The first HEVs were optimised to achieve fuel economy improvements, so 
the battery and power trains were not designed for pure electric opera-
tion in all driving conditions. Their batteries therefore do not have to go 
through deep discharge/charge cycles, and battery life can be optimised. 
The new generation of HEVs is designed to offer all-electric driving and 
can be plugged into the grid, which is why they are called plug-in hybrid-
electric vehicles (PHEVs).

More than 90% of the world’s electric bicycles  
are in China.

PHEVs have sufficient battery storage and powertrain designs to allow 
for purely electric operation over a certain distance, with the on-board 
internal combustion engine acting as a “range extender” by providing 
power when the battery is exhausted or when more power is needed. 
With significant deep discharging and charging, the batteries need to be 
more robust than “light” HEV configurations, and prolonging battery life 
becomes a very important consideration. This type of vehicle configura-
tion will often allow a majority of driving to be done on electricity from 
the battery alone, while the retention of an internal combustion engine 
means that the total range of the vehicle on electricity and liquid fuels is 
comparable to today’s internal combustion engine vehicles.

In the 2013 “greenest” vehicles list of the American Council for an Energy 
Efficiency Economy, the majority of the cars topping the list were hybrid, 
plug-in hybrid or all-electric vehicles, showing that they perform much 
better in their life-cycle greenhouse gas and pollutant emissions com-
pared to conventional vehicles (ACEEE, 2013,2014).

Electrification is also an option for delivery trucks and urban busses. How-
ever, it is less suited for long-distance transportation, including the bulk 
of freight transportation.

EV sales amounted to 180  000 in 2012, or 0.3% of total car sales. 
About half were plug-in and half were battery-electric vehicles. It is 

projected that PHEVs will grow to 1-3% of the global car market by 2020 
(Navigant, 2013d). In comparison, hybrid-electric vehicles accounted 
for 3.2% of global car sales in June 2013 (Electrification Coalition, 2013). 
EV sales reached 10% of total passenger car sales in 2013 in Norway. 
In 2014, global PHEV sales are projected to reach nearly 350 000 cars, 
raising the number of EVs in the vehicle stock to 700 000, according to 
Navigant Research (Navigant, 2014b). Increasing production of batteries 
contributes to the reduction in the price of batteries. Compared to 
McKinsey estimates for 2020 of USD 200 per kWh, current costs are 
USD 238 per kWh. This level was not expected until the end of 2013 and 
also highlights that McKinsey’s 2020 projections will likely be reached 
much earlier (GoingElectric, 2013).

Box 5.7 Renewable solutions for aviation and shipping
The International Air Transport Association (IATA) aims for 6% biofuels by 
2020. Tests show that this goal is technically feasible with biofuels com-
mercially available today, with mixtures of kerosene currently containing up 
to 50% biodiesel. However, availability and cost pose major obstacles. No 
other solutions have been identified so far.

Ships use diesel and heavy fuel oil (bunker oil). These engines can also use 
biodiesel and to some extent raw vegetable oil. But here too, availability 
and cost pose major obstacles. Maersk and the U.S. Navy, the two largest 
fleet owners in the world, are exploring algae biofuels and aim for a 50% 
reduction of oil use by 2020 (Maersk, 2011). UAE-based Etihad Airways will 
soon offer flights powered with 100% biofuels.

Biokerosene could be produced from halophytes, but researchers are also 
looking into possibilities of using agricultural waste and palm leaves. Halo-
phytes are crops which can be irrigated with salt water and can grow in 
the desert. The development of this raw material has been researched by 
a consortium of Boeing, Etihad Airways, Masdar Institute and Honeywell.

To some extent, solutions such as kites and wind energy can help. Based on 
Wang and Lutsey (2013), we estimate that wind power (kites and Flettner 
rotors) can contribute 5% and solar can provide 0.2% of total demand by 
2030.
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Electric two-wheelers (e-bicycles, e-scooters and e-motorcycles) are rap-
idly gaining ground. Sales in Asia-Pacific reached 44 million in 2012, more 
than 90% of them in China (Pike Research, 2013). E-bicycles account for 
more than three-quarters of the market for electric two-wheelers. Pike 
Research forecasts that global annual sales of e-motorcycles and e-
scooters will reach 18.6 million by 2018.

By 2018, China will have 355 million electric two-wheelers – or one vehicle 
for every four persons. To some extent, e-bikes can replace cars. Sales in 
the region are projected to more than double by 2030. Elsewhere, sales 
of electric bikes are also picking up. Roughly a quarter of Germans, for 
instance, plan to purchase an e-bike.

The greatest benefits here will come from a modal shift – when people 
switch from cars to electric bikes for local commuting. Because of the 
support from the electric motor, more people will ride bikes to work 
without having to shower when they get there. And of course, eliminat-
ing a car altogether will save money, so this transition can also produce 
financial benefits.

5.3.4 Next steps for the transport sector

This chapter provided detailed results for the transport sector according 
to the bottom-up analysis of the 26 REmap countries as well as the latest 
information about the sector’s most important renewable technologies. 
Liquid biofuels for road transportation are key for the sector to raise 
its renewable energy share; however, a six-fold increase in their use is 
needed to achieve a considerable increase, according to REmap 2030. In 
view of the slowdown in liquid biofuels use in recent years and the need 
for sustainable sourcing of biomass feedstocks, reaching these levels 
will be challenging with today’s conventional biofuels. Development 
and deployment of advanced biofuels in the next years will be essential. 
The commercialisation of advanced biofuels will also be very important 
for the aviation and shipping sector where no other alternatives were 
found.

EVs and modal shifts present other opportunities. Yet even with a high EV 
share in the passenger vehicle stock, the increase in the renewable energy 
share is limited. This is because EV potentials is limited to road passenger 
transportation, and only a part of the power grid is renewable. Potentials 
for modal shifts needs to be better understood for expanding the 
portfolio of options in the sector, in particular for freight transportation. 
In 2014/15, IRENA will develop action teams for the transport sector 
through the cooperation with experts of the interested countries and 
other stakeholders with the aim of identifying opportunities for advanced 
biofuel and electrification technologies and gain more insight into their 
potentials and costs as well as identify policy needs to accelerate their 
deployment.

5.4 Industry

5.4.1 Overview

This chapter is a shortened version of IRENA’s detailed roadmap looking 
at the potentials of renewable energy in the manufacturing industry sec-
tor which can be found online.

Manufacturing industry deals with the production of bulk materials (e.g., 
cement, aluminium), food, textiles, wood products and other goods. It 
excludes the energy mining and energy transformation (e.g., oil refiner-
ies) sectors. The global industry sector’s TFEC reached 112 EJ in 2010 (see 
Figure 5.16). Energy-intensive sub-sectors account for 60% of the sector’s 
TFEC, while the remaining 40% is made up of less energy-intensive sub-
sectors.

The industry sector is often overlooked in discussions 
about renewables, even though it accounts for a third of 
energy consumption.
Industry consumes a great deal of energy, most of it as heat. Worldwide, 
a total of 73 EJ of fuels were used to generate process heat via steam and 
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direct heat, with another 9 EJ used by blast furnaces and coke ovens3 for 
iron and steel production (together referred to as process energy).

Electricity demand in industry reached 25 EJ in total, approximately two-
thirds of which is related to motor systems (including compressors, fans, 
blowers and pumps; based on data from the US and EU) (IPCC, 2007c). 
The remaining one-third is for primary aluminium production, metals 
recycling, electrolysis and other auxiliary use. The share of electricity in 

3 According to the IEA’s Energy Statistics, blast furnaces and coke ovens are part of the energy trans-
formation sector. Therefore their energy use is not reported together with the iron and steel sector, 
whereas in reality they are often integrated in steel mills. Coke ovens transform metallurgical coal 
into coke, which is required for iron production; blast furnaces subsequently produce iron from iron 
ore with a coal and coke mixture as fuel input. In order to provide a complete picture, the rest of this 
analysis takes into account their energy use together with the industry sector.

TFEC has nearly doubled in both the industrialised and the developing 
countries and economies in transition, from approximately 15% to 25-30% 
in the past four decades.

Most fuels are used for combustion in boilers, furnaces, kilns or heaters 
to generate process heat at varying temperatures. Process heat is used 
for different industrial processes such as drying, washing (food industry), 
dyeing, bleaching (textile), distillation and evaporation (chemicals).

Low-temperature processes (<150 oC) exist in sectors such as food and 
beverages or textiles. Medium-temperature processes (150-400 oC) 
are found mostly in chemical and petrochemical processes, pulp 
and paper, and non-ferrous metals (alumina manufacturing). Kiln 

Table 5.4 Global industry sector total final energy consumption by 
energy carrier, 1990-2030

Reference Case
REmap 20301990 2010 2030

EJ/yr

Coal 27 39 59 53

Oil 14 14 20 20

Gas 15 19 43 36

Electricity 16 27 53 54

Heat 6 5 6 6

Bioenergy 5 8 12 21

Other  renewables 0 0 0 3

Total 83 112 194 193

Note: Includes blast furnaces and coke ovens, but excludes non-energy use.
Source: IEA (2012c) for 1990, 2010. IRENA estimates for 2030

Figure 5.16 Global total final energy consumption of the industry 
 sector by sub-sectors, 2010
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operations in the non-metallic minerals sector and blast furnaces in the 
iron and steel sector for iron production operate at high temperatures 
(>400 °C).

Table 5.4 provides a breakdown of the global industry sector’s energy 
use by energy carrier for 1990 and 2010. The sector’s TFEC increased 
by 35% between 1990 and 2010 to 112 EJ, and fossil fuel use has seen 
some changes although it continues to account for two-thirds of TFEC. 
The share of coal use has increased at the expense of oil and natural 
gas use, mainly because of increased production in China. The share of 
electricity use has also increased from 19% to 24% between 1990 and 
2010. Biomass use remained stable at 7%. The importance of district 
heat has decreased as the sectors produced more of their own process 
heat. Energy use of industrialised countries decreased by about 10-15% 
in this period, whilst developing countries and economies in transition 
would increase their energy use by 15-20%.

Table 5.4 also provides a breakdown for the Reference Case in 2030 and 
REmap 2030. The sector’s energy use will grow at higher rates in the 
next two decades, from 112 EJ in 2010 to 194 EJ by 2030 in the Reference 
Case. It will account for nearly 40% of global TFEC by 2030, compared to 
approximately one-third in 2010, highlighting the increasing importance 
of its potential, which has so far received limited attention. Natural gas 
(22%) and electricity (27%) use will account for an increasing share of the 
sector’s TFEC by 2030, with the share of coal decreasing. Renewables’ 
share will remain at 6%.

In comparison, the share of bioenergy increases to 11% and the share of 
other renewables to 2% in REmap 2030. Coal and natural gas are mainly 
substituted, with their total share decreasing from 53% in the Reference 
Case to 46% in REmap 2030.

The renewable share in industry could increase from 11% to 26% if all the 
REmap Options are implemented (see Figure 5.17). The global industry 
sector currently has only a limited renewable energy share in most coun-
tries (on average 10%).

Unlike the traditional use of biomass in the building sector, biomass use 
in the industrial sectors of developing countries and economies in transi-
tion is regarded as modern. Brazil and India therefore already have high 
renewable energy shares in their industry sectors compared to the world 
average and could even go beyond these levels with additional biomass 
and solar thermal in REmap 2030.

Fossil fuel demand for process heat generation can be substituted with 
biomass and other technologies such as solar thermal systems and heat 
pumps. A higher share of renewable energy in the power sector, on-site 
power generation from renewable energy sources and biomass-fired CHP 
plants can increase the share of renewable electricity in industry. Biomass 
could play a key role for high-temperature heat applications, mainly in the 
non-metallic minerals sectors where other renewable technologies do not 
provide an alternative.

Biomass capacity in the industry sector could increase to 780 GWth in 
the 26 REmap countries, according to REmap 2030. Total demand for 
biomass in the industry sector would reach 21 EJ if all REmap Options 
are deployed by 2030. This is a slightly slower continuation of the past 
trend between 1990 and 2010 (4% per year compared to about 3% per 
year).

Total solar thermal capacity in the 26 REmap countries could reach 
700 GWth if all REmap Options are deployed. Today, there is very 
small solar thermal capacity in the industry sector installed worldwide 
(<1 GWth). Hence, reaching REmap 2030 would require substantial 
growth. However, suitable solar thermal technologies in industrial pro-
duction plants are similar to those in the building sector, and this creates 
benefits for transferring the technological experiences easily to process 
heat generation. Furthermore, most of this capacity would be installed 
in low-temperature heat using processes of small-scale sectors, which 
are growing in number in developing countries and can integrate solar 
thermal plants to their systems when new plants are designed. With the 
right policies in place that consider these aspects, such growth would 
be realisable.
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5Compared to other end-use sectors, access to a continuous energy sup-
ply is essential as most industrial plants operate for three-quarters of the 
year. The cost-competitiveness of technologies is the second most im-
portant factor. Most industry sectors are already located in regions where 
cheap and reliable raw material and energy supply are provided. Industry 
will increasingly relocate to areas with low energy prices. Efficient tech-
nologies with low capital costs running on cheap energy sources will de-

termine the extent to which renewable 
energy will be deployed in the sector.

5.4.2 Biomass

Today, most renewable energy is bio-
mass and waste (~7.8 EJ). In the produc-
tion of bricks, tiles and other ceramics, 
different forms of biomass are used in 
Asian countries. Coconut shells, rice 
husk and different forms of biomass are 
combusted either for steam generation 
or direct heat. In Europe, waste fuels are 
used in cement kilns and to an extent 
in lime production, but the shares are 
generally low, although some kilns run 
at 100%. Wood chips and wood pellets 
have also gained market share in other 
industry sectors in Europe and are com-
busted in efficient boiler systems like 
their fossil fuel-based equivalents.

As in Brazil today, charcoal can be used 
in other countries to substitute coke in-
put and coal injection in blast furnaces 
and sinter ovens for high-temperature 
applications above 1 000 °C. With tech-
nological developments to enhance the 
mechanical stability of charcoal, it can 

be used in more regions and at a higher substitution rate. The substitu-
tion rates of coal by charcoal in iron making can be very high: 100% for 
coal injection and 20% as a coke-making blending component (Norgate 
et al., 2011,2012).

Technically, all fossil fuel use in cement kilns can be substituted with bio-
mass. Two limiting factors are the calorific value of the fuels used and the 

Figure 5.17 Current and projected share of renewable energy in the manufacturing industry sector, by 
country, 2010-2030
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With the right policies, the renewable share of energy use by industry could more than double to 26%, by 
2030, based on technologies now available.
Note:  Results presented in this figure refer to the renewable energy share of the sector’s TFEC, thereby including the contribution of renewable elec-

tricity and district heat consumption (see Indicator 1 in Chapter 2.3).
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temperature level of the process. Direct combustion of biomass at the 
precalciner is easier because the temperatures are lower in this part of the 
process. Biomass gasification is another alternative where synthetic gas 
can be combusted, but experience with gasification technology in kilns is 
limited (Seboka, Getahun and Haile-Meskel, 2009). Roughly 60% of the 
total fuels used in cement production are used at the precalciner, which 
is the technical potential of biomass use in the process. Without any ad-
ditional investments, 20% of the fuels can be substituted with biomass 
(Chinyama, 2011). Cement Sustainability Initiative (CSI, 2009) estimates 
that by 2030, 10-30% substitution in developing countries and up to 50-
60% in industrialised countries is viable. Higher substitution rates change 
the operation dynamics of the plants significantly.

Biomass-based steam generation is particularly interesting for the 
chemical and petrochemical sectors, food and beverages, and textile 
sectors, where most production processes operate with steam. Low- and 
medium-temperature process steam used in the production processes 
of these sectors can be provided by boilers or CHP plants. Combusting 
biogas in CHP plants is another option already pursued in northern Eu-
ropean countries, especially in the food and beverage sector, where food 
waste and process residues can be digested anaerobically to produce 
biogas.

Worldwide, biomass is estimated to contribute to more than 80% of the 
renewable energy potentials of all technologies in industry, with about 

Box 5.8 Action areas for SMEs

While energy-intensive industry makes up more than 60% of the industry sec-
tor’s TFEC, small and medium-sized enterprises (SMEs) account for over 90% 
of the world’s businesses and provide jobs for more than half of the working 
population. Raising the share of renewable energy in the industry sector re-
quires a separate focus on energy-intensive sectors (large energy users) and 
SMEs to optimally allocate resources and accelerate technology deployment.

Bioenergy could technically provide process heat for all sectors, but support 
for other technologies not yet deployed is needed. It is also important to pri-
oritise investments to sectors requiring the least modifications in production 
processes because industrial plants run for several decades, often exceeding 
their technical lifetimes. Their processes are mostly integrated in terms of 
material and energy flows, which limit the penetration of new fuel systems.

SMEs are estimated to account for 15-30% of current total final industrial en-
ergy use (Banerjee et al., 2012). Energy costs often form a substantial part of 
overall production costs, and fossil fuel price volatility has a serious impact on 
their profitability. Furthermore, production capacity is – especially in develop-
ing countries – often based on aging, inefficient equipment, thereby increasing 
the energy demand of process heat generation. Replacing inefficient equip-
ment with new capacity and integrating renewable energy in new capacity are 
two key areas that can benefit SMEs.

Overcoming barriers against new technology uptake: Lack of awareness is 
a major barrier for renewables deployment. Few SMEs know how they can 
reduce their dependence on expensive fossil fuels or have the technical skills 
or dedicated energy managers to focus on the integration of renewables in 
existing processes. There are also limited reference projects that SMEs can 
learn from. Additionally, few companies cater to renewables deployment in 
smaller companies. To realise the many opportunities for SMEs, these barriers 
need to be eliminated.

SME clusters: One strategy to break the vicious circle of unfamiliarity with 
renewables deployment is clusters and cluster leaders. Many SMEs operate in 
clusters organised around a specific set of industrial operations. The proximity 
of multiple SMEs with similar operations and energy demand structures makes 
SME clusters a way of promoting renewable energy deployment. Specific 
knowledge-management centres could be employed to collect and provide 
data on renewable energy applications for these clusters.

Mix of renewable energy technologies: Although the absolute energy de-
mand per SME is often relatively low, the potential to provide a significant 
share of the energy consumption per plant is much higher than in large com-
panies. A portfolio of renewable energy technologies consisting of biomass, 
solar thermal systems, geothermal and heat pumps can be deployed to cater 
to a range of heat requirements and provide flexibility to SMEs towards reduc-
ing their dependency on fossil fuels.
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three-quarters of the total biomass-based heat demand originating from 
CHP; hence, it is the most important technology for the sector to contrib-
ute to a doubling of the global renewable energy share in 2030. A number 
of practical constraints could limit the potential of biomass. In addition 
to the limited availability of biomass, the price of feedstock will increase 
as the limits of supply approach, and demand for large volumes will in-
crease transport, thereby raising costs further. Continuous energy supply 
is another issue, and large storage areas for biomass will be required, 
especially in plants with high absolute demand.

Real-world constraints, such as storage space for 
biomass, limit the potential of renewables in industry.

Finally, there are such mundane considerations as the need to store bio-
mass locally. In addition to costs, space availability on-site is the most 
important barrier limiting the deployment of the technology. Energy-
intensive plants may require too much energy per unit area, whereas 
SMEs could have lower demand per plant. SME plants worldwide could 
therefore be the starting point for the implementation of solar thermal – 
which requires little storage area – in the industry sector.

While biomass, solar thermal, geothermal and heat pumps can provide 
low- and medium-temperature process heat, biomass is the only alterna-
tive for high temperatures.

5.4.3 Solar thermal

The share of solar thermal for process heat is currently very low but 
growing. One of the first large-scale systems was installed in the US at a 
plant producing food products to generate medium temperature steam 
(2.4 MWth of capacity from a total of 384 collectors) (Sun & Wind Energy, 
2009). A few pilot projects have been implemented in Europe (ESTIF, 
2013). In the countries with the largest solar thermal capacity, less than 
10% of the total capacity installed in 2010 was related to process heat 

and space heating, low-temperature process heat, water treatment, and 
refrigeration and cooling in industrial buildings (Weiss, 2013).

Although new initiatives focus mostly on the residential sector, installed 
solar thermal capacity in industry may also increase. For example, by 
2020 China aims to reach 300  million m2 of solar thermal capacity in 
operation, with about 35% related to industrial applications and other 
large-scale projects (Koldehoff, 2012). Industry sectors may benefit from 
the progress achieved in the building sector, especially because the tech-
nologies used for low-temperature process heat applications are similar: 
flat-plate panels and evacuated tubes.

New solar-process heat technologies are also being developed. For 
example, CSP has potential to provide process heat in enhanced oil re-
covery (EOR) operations. Although the related energy use is outside the 
manufacturing industry’s TFEC (and thereby the scope of REmap 2030), 
technology can be applied in industrial production plants. Currently, two 
enhanced oil recovery plants in the US state of California, one in Coalinga 
and the other in McKittrick, produce pressurised steam for the process 
(capacities of 29 MWth and 7 MWth).

The IEA Solar Heating and Cooling Roadmap (IEA, 2012e) projects that up 
to 3 EJ of solar heat can be deployed in the global industry sector by 2030.

There is a broad range of applications for solar thermal technology, in-
cluding industrial cooling. The technology will gain more importance as 
cooling demand in the food and beverage sectors increases in regions 
subject to stricter hygiene and health standards.

Solar drying is already applied in southern Asian countries and in south-
eastern Europe. Various agricultural products (such as tomatoes, tea, 
meat and fish) use modern preservation and drying techniques. If the 
drying time of solar drying were shorter, the process would be employed 
more often in the food and beverage sector. The cost of solar drying is 
already relatively low.
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5.4.4 Heat pumps and geothermal heat
For low-temperature process heat applications, heat pumps (air-source 
or ground-source) and deep geothermal heat are two other options. So 
far, heat pumps have played only a negligible role. In contrast, deep geo-

thermal heat is used in some industrialised countries as well as in China, 
but its share is still less than 1% of the sector’s TFEC.

Temperature lift – the difference between the temperature of ambient 
air and process heat – determines the COP of heat pumps. Besides COP, 
electricity prices determine a heat pump’s economic viability.

Geothermal heat requires a short distance between the source and the 
consumer. It is currently applied in the pulp and paper sector and for 
drying, evaporation, distillation or washing applications in various other 
sectors. In Iceland, for example, geothermal heat is typically used to dry 
fish (Arason, 2003). Similarly, tomatoes are dried with geothermal heat 
in Greece (EGEC, n.d.).

Geothermal resources in China are abundant and are already used for 
heating purposes. The resources are widely distributed throughout 
China. Similarly, Turkey has one of the largest geothermal resource 
potentials worldwide with an estimated technical potential of 31.5 GWth. 
Most of the potential is located in Western Anatolia, where most 
industry is found and a number of industrial-scale units exist for drying 
figs and apricots.

SMEs, which account for more than 95% of the number of industrial plants 
worldwide, have low absolute energy demand per plant compared to 
large plants in the energy-intensive sectors. As with solar thermal, SMEs 
are a good starting point for heat pumps and geothermal as they offer 
great potential in small plants for food or textiles production. In light of 
their limited deployment so far, both technologies will require policy sup-
port to complement biomass technologies so that they can collectively 
achieve a greater share of renewable energy in the industry sector.

5.4.5 Next steps for the industry sector

This chapter provided detailed results for the industry sector according 
to the bottom-up analysis of the 26 REmap countries as well as the latest 
information about the sector’s most important renewable technologies. 

Box 5.9 Electrification in industry
Industry gets a large share of its electricity from the grid but also produces 
electricity in off-grid plants and cogeneration units. Plants can either di-
rectly consume the power they produce or sell part of it to the grid.

In some power-intensive sectors (such as aluminium smelters and cement 
factories), on-site generation is common as it ensures a continuous supply 
of cheap electricity. Fossil fuel use in plants with on-site generation can 
also be substituted with renewable energy. In particular, new plants can be 
located next to renewable energy resources to increase the share of renew-
able electricity in the industry sector.

The electrification of production processes is another option if electricity is 
generated from renewable energy sources. Industrial production processes 
typically operate based on fossil fuel technologies, with the exception of 
a few processes, such as smelting and electrolysis. Some heat-based pro-
duction processes can also operate via novel process routes running on 
electricity.

For example, in Iceland hydrogen is produced from water via electrolysis 
and subsequently combined with CO2 to produce bio-methanol (IRENA/
IEA-ETSAP, 2013c). This process substitutes the fossil fuel-based steam 
reforming or partial oxidation process. However, since electrolysis is an 
electricity-intensive process, such transition is only possible where electric-
ity is cheap.

As historical developments show, the share of electricity is increasing. In 
REmap 2030, the share of electricity use in Asian, African and Latin Ameri-
can countries could increase by about 50% compared to current levels. 
These regions will account for two-thirds of the industrial power demand 
worldwide by 2030. Hence, increasing the share of renewable energy in 
the power sector is key to increasing the share of renewable energy in the 
industry sector.
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Biomass will be the key for this sector to generate medium- and high-
temperature process heat, as no other technology provides an alternative. 
The analysis shows that for low-temperature process heat supply, solar 
thermal, geothermal and heat pumps are the other alternatives next to 
biomass. Policy makers need to realise this portfolio of options and de-
velop targets for limiting fossil fuel use for low-temperature process heat 
generation in national plans. This will be an important first step for this 
sector, as its renewable energy potentials are so far neglected. To close 
this knowledge gap, IRENA has prepared a detailed roadmap specific to 
the sector, which is available online, providing the opportunities and next 
steps beyond what is shown in this chapter at the regional level.

While the global average supply cost of primary 
biomass in 2030 is estimated at USD 8.3 per GJ supply 
costs in each country generally range from USD 2 to 
USD 18 per GJ.

The competition for biomass from other sectors – as fuel for heat and 
power generation, and as motor fuel – poses a particular challenge, as the 
industry sector will need to rely heavily on biomass if it aims to raise its 
renewable energy share. The portfolio of renewable energy technologies 
should be expanded with electrification alternatives for industrial pro-
cesses. More insight into the costs and performance of these technology 
options will be essential. As for the building sector, the synergies between 
improving energy efficiency in industrial production processes and re-
newable energy will need to be understood better, given that the growth 
in the sector’s energy demand between today and 2030 is projected to 
be the largest among all end-use sectors.

5.5 Biomass prospects

REmap 2030 shows that biomass would need to be the key resource if all 
REmap Options are to be deployed by 2030 and would dominate total 

use in all end-use sectors. However, affordability, supply security and 
sustainable sourcing are major concerns. In view of the importance of 
biomass, IRENA has prepared a working paper which is published along 
with this report. This working paper provides detailed findings about: 
1) sustainable biomass availability by 2030, 2) supply cost and future 
price of biomass, 3) rate of biomass supply expansion, 4) optimal use 
of biomass, 5) key uncertainties for biomass prospects, and 6) govern-
ments role to strengthen biomass deployment. This working paper can 
be found online (IRENA, 2014j).

Figure 5.18 Global primary bioenergy demand by sector with REmap 
Options, 2030
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Biomass is versatile and can be used to provide power, transport and 
heat.
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Figure 5.18 shows how biomass 
consumption is spread across 
the three end-use sectors of in-
dustry, transport and buildings, 
as well as the power and district 
heat sector, by 2030, when the 
additional REmap Options are 
implemented (in primary energy 
terms). It is assumed that the 
biofuels are produced from solid 
biomass with a conversion ef-
ficiency of 50%; hence, 1 GJ of 
biofuel (in final energy terms) 
requires 2 GJ of raw biomass (in 
primary energy terms)4. IRENA 
finds that demand for solid bio-
mass will grow at an annual rate 
of 1.9% to 2030, far higher than 
projected in the Reference Case 
and in the historical increase of 
1.3% per year between 1990 and 
2010.

The growth is far greater for 
liquid biofuels, which in the Ref-
erence Case increase by a factor 
of only 2.7 from 2010 to 2030, compared to six-fold growth in REmap 
2030. From 2000 to 2010, annual liquid biofuels growth averaged 19%, 
although it flattened at the end of the decade, in part because of the EU’s 
hesitation to increase its mandate for liquid biofuels. IRENA believes, 

4 The way IRENA expresses primary energy use of biomass is different than the method applied 
by IEA and most other studies. The difference relates to liquid biofuels of the transport sector. In 
other studies, primary energy of liquid biofuels is equivalent to their total energy content and does 
not refer to the raw biomass used to produce them. To ensure compatibility between the results 
presented here and other studies, one would therefore need to account for a conversion efficiency 
of 50% (on an energy basis) to convert raw biomass to liquid biofuels.

however, that advanced biofuels will become competitive well before 
2030 (IRENA, 2013c).

Figure 5.19 shows the supply potential for primary biomass in EJ along 
with the price by type/region. IRENA estimates that up to 25% of the total 
global biomass supply potential of 95-145 EJ is exportable surplus, mean-
ing that biomass is largely a resource to be consumed locally. Traded bio-
mass products will be mainly liquid biofuels, pellets and chips. Note also 
that global biomass demand is expected to increase to 108 EJ in 2030 
with implementation of the additional REmap Options, close to the lower 

Figure 5.19 Global supply curve for primary biomass, 2030
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5end of the total supply potential. While these are very ambitious biomass 
use growth estimates, concerns about its sustainability will gain further 
importance as the limits of biomass supply are reached. This outcome 
also points to the importance of innovation and the development of new 
technologies. With the commercialisation of more efficient and emerg-
ing renewable energy technologies, the portfolio can be widened and 
dependence on biomass can be reduced.

Supply costs are lowest for agricultural residues and biogas from food 
waste and animal manure, and highest for energy crops. IRENA’s bio-
mass supply estimate for 2030 compares well with World Bioenergy 
Association (WBA) estimates (Kopetz, 2013), which suggest that up to 
153  EJ of biomass can be supplied by 2035, with more than 80% of this 
originating from forest products (wood fuel, residues and waste) (70 EJ) 
and agricultural residue and waste (62 EJ). The remaining 12% is energy 

Box 5.10 Impacts of increased biomass demand on carbon balance and 
greenhouse gas emissions
Plants convert CO2 from the atmosphere into biomass. Carbon stored in 
biomass is called biogenic carbon. Some of this carbon stays above ground 
and some in the ground. When plants die, decomposition starts. As plant 
material decays, carbon stored is released as CO2 back to the atmosphere. 
If the amount of carbon released in biomass plantation and forests equals 
the amount of carbon sequestered, then the biomass carbon cycle is in bal-
ance. There are also circumstances where some of the carbon is stored in the 
ground. Carbon stored is huge, for example in the case of peatland.

When biomass is combusted before a plant decays, biogenic carbon is also 
released to the atmosphere. If the total biogenic carbon released during bio-
mass decay and/or combustion is sequestered, the system continues to be in 
balance. As a result, CO2 in the atmosphere does not increase. This is much 
different than the CO2 emissions from fossil fuel combustion, which take mil-
lions of years to be sequestered; therefore, their combustion increases the CO2 
emissions in the atmosphere.

The carbon cycle could, however, change in different ways when large 
amounts of bioenergy are used as fuel. If bioenergy substitutes fossil fuel, 
there is a positive effect because fossil fuel CO2 emissions are avoided. With 
increasing bioenergy use, carbon stored in living plants and soil may also 
change, but the dynamics in soil carbon are not well understood. So this may 
have a positive or a negative effect.

When short-rotation energy crops or agricultural residues are used as fuel, 
they result in a balanced carbon cycle because they grow annually. In com-

parison, rapid expansion of palm oil plantations in Indonesia and Malaysia, for 
example, has led to major problems associated with bioenergy. Logging rain 
forest on peat bogs for palm oil plantations has a negative effect. Plantations 
which were partly on carbon-rich peat soils in the region resulted in drainage. 
The subsequent oxidation of peat and natural or anthropogenic fires results 
in substantial CO2 emissions. Peat digging also has a negative effect which 
results in an increase in CO2 emissions in the atmosphere.

The use of forest residues could result in a positive or negative effect. The 
rate of carbon sequestration into biomass or soil through the decomposition 
of residues is slower than the rates of forest residue combustion. Harvesting 
forest residues could therefore result in accumulation of CO2 emissions in the 
atmosphere. Through increased use of forest residues via thinning and other 
sustainable forest management strategies, forest growth can be accelerated, 
and fires also could be prevented, reducing overall CO2 emissions.

There could also be indirect effects of bioenergy use. Indirect land use change, 
which is the expansion of farmland elsewhere to continue producing crops or 
livestock to meet the demand as a result of conversion of farmland for bioen-
ergy production, could result in an increase in CO2 emissions.

As IRENA’s analysis showed, residues have large supply potential. Increased 
recovery of residues may have positive or negative effects on the biomass car-
bon cycle, but if they are sustainably sourced, they can contribute significantly 
to CO2 emission reductions. Energy crops would also contribute to emission 
reductions if they are cultivated sustainably on surplus land. Transforming for-
ests into agricultural area for bioenergy crops which would store less carbon, 
or just combusting beyond surplus forest growth levels, result in a substantial 
volume of additional CO2 emissions.
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crops (18 EJ). IRENA’s estimates for agricultural residues and food waste 
are similar, at 39-66 EJ, although its estimates for forestry products are 
lower, at 25-42 EJ. In comparison, IRENA estimates a higher potential for 
energy crops of about 31-37 EJ, explained mainly by the difference in land 
availability assumed.

If biomass is sourced sustainably, it can contribute substantially to CO2 
emission reductions. This is because biogenic CO2, resulting from the 
combustion of biomass, is assumed to be sequestered by growing 
biomass in the next season; hence, it could be carbon neutral. 
When life-cycle stages of bioenergy other than combustion 
are considered (e.g., harvesting and recovery), however, 
bioenergy may have higher GHG emissions compared to 
fossil fuels, and also when emissions related to direct 
and indirect land use change are accounted for. Strat-
egies to ensure the sustainability of biomass include 
improving agricultural yields, managing the land 
and other resources sustainably, and increasing 
the use of agricultural and forest residues while 
not exceeding the limits posed by, for example, 
soil organic matter.
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Key points

 ● Five key areas for national policy action have been identified to ac-
celerate renewable energy deployment: 1) establishing transition 
pathways for renewable energy, 2) creating an enabling business en-
vironment, 3) integrating renewable energy, 4) managing knowledge, 
and 5) unleashing innovation.

 ● Realistic and ambitious transition pathways must be developed with 
overarching long-term strategies based on credible and attainable tar-
gets. Policy attention which is currently focusing mainly on the power 
sector should be extended to cover end-use sectors as well.

 ● An enabling business environment for renewables needs to be created 
by creating access to finance and a level playing field, reducing the 
risk on investors and streamlining planning procedures. Externalities 
need to be endogenised, and fossil fuel subsidies need to be removed.

 ● Governments need to facilitate together with the private sector the 
rollout of the infrastructure needed to integrate renewables into the 
energy system – such as electricity transmission grids and biomass 
supply chains.

 ● Increasing and managing knowledge about renewables related to, for 
example, their costs and resource availability, and also avoiding mis-
conceptions based on inaccurate data will be important for increasing 
social acceptance and increasing awareness of the potential of renew-
able energy technologies.

 ● Innovation in existing and mature technologies as well as in break-
throughs is required to continue raising the share of renewables 
beyond a doubling. Innovation is also needed in financing and policy 
frameworks.

 ● REmap 2030 results point to a number of areas with opportunities for 
international co-operation, including interconnectors (trade and grid 
stability), harmonised standards, capacity building, exchange of best 
policy practices and pre-commercial research for innovation.

 ● As the renewable energy hub of the Sustainable Energy for All 
(SE4ALL) initiative, important areas of future work for International 
Renewable Energy Agency (IRENA) include co-operation with other 
hubs to identify nexus issues on renewable energy, energy efficiency 
and modern energy access; and with other organisations in the context 
of high-impact opportunities.

6 OPERATIONALISING REMAP: WHAT CAN POLICY MAKERS DO?
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This chapter discusses how REmap can be operationalised (Chapter 6.1). 
Roadmaps specific to the 26 REmap countries can be found online in the 
26 REmap country briefs. Chapter 6.2 discusses the existing policies and 
the specific characteristics of the 26 REmap countries in terms of renew-
able energy policy, strategy and technology development. Chapter 6.3 
identifies national policy action items, and Chapter 6.4 explores how 
international co-operation can benefit both individual countries as well 
as help to achieve the global doubling objective.

6.1  Transition roadmap for doubling the global renew-
able energy share

Who needs to do what by when? Change is needed in physical terms (for 
example, in gigawatt capacity and tonnes of fuel) but also in terms of 
policy frameworks (for example, in energy pricing, market structure and 
planning). This chapter explores the physical changes that need to hap-
pen between today and 2030 and puts the change into perspective with 
the developments of the past decade.

The technology options for 2030 according to REmap 2030 and the RE+ 
Options can be broken down into four main strategic categories:

1. Renewables for power generation (representing around 40% of total 
modern renewable energy use in REmap 2030), including one-third 
hydro, one-third wind, one-tenth solar and the remainder other renew-
able energy sources. This includes:

 ● Large-scale power generation projects (large hydropower, wind farms, 
concentrated solar power (CSP), etc.) and

 ● Small-scale power generation projects (rooftop solar photovoltaics 
(PV), small hydro, wind power, etc.).

2. Renewable substitutes for fossil fuels in end-use sectors (representing 
around 60% of modern renewable energy use), with buildings account-
ing for 38%, industry for 38% and transport for 24%. This includes:

 ● Modern biomass for thermal applications (representing around 25% of 
renewable energy potential), excluding the replacement of traditional 
use of biomass.

 ● Access to modern energy through renewables, notably the replace-
ment of traditional use of biomass with modern cook stoves and 
modern solid and liquid biomass fuels (representing around 20% of 
the renewable energy potential).

 ● Solar thermal solutions for hot water and space heating and for in-
dustrial process heat (representing around 5% of renewable energy 
potential).

 ● Liquid and gaseous biofuels and electric vehicles (EVs) for transporta-
tion.

3. Other technology options, including:
 ● Electrification as a strategy to enable more renewable energy power 

use (representing around 2-3% of renewable energy use).
 ● A doubling of energy efficiency improvement rates (makes a 15% dif-

ference for the renewable energy share in 2030).
 ● Structural changes, such as modal shifts.
 ● Emerging technology options (such as ocean power, algae).

4. Enabling infrastructure measures and technologies, such as grid and 
storage infrastructure, recharging stations, biomass supply and logistics.

As REmap 2030 illustrates, with additional REmap Options, modern re-
newable energy use worldwide could increase by at least 50% between 
today and 2020, and could nearly quadruple in the 2010-2030 period in 
absolute terms, doubling the global renewable energy share. According to 
REmap 2030, about one-third of the additional modern renewable energy 
potential – on top of the Reference Case – exists in the power sector, and 
the remaining two-thirds is found in the three end-use sectors of industry, 
buildings and transport.

Table 6.1 provides an overview of REmap 2030 based on three groups of 
indicators: technological indicators, financial indicators and the share of 
renewable energy.
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T able 6.1 REmap 2030: An overview
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Technology indicators
Hydropower (excl. pumped storage) (GWe) 689

1 004 1 350 1 600 1 508 6 3.2 2.6
Pumped hydro (GWe) 150 225 325 306 6 N/A 4.4
Wind onshore (GWe) 17

283 600 1 404 900 56 26.4 9.3
300 000 of 5 MWe plants

Wind off shore (GWe) 6 50 231 68 242 N/A 22.5
Solar PV (GWe) 8 100 400 1 250 441 184 23.5 15.1 12.5 million of 100 kWe plants
CSP (GWe) 0 3 15 83 52 62 7.6 21.5 830 of 100 MWe plants
Biomass power (GWe) 35 83 139 390 170 129 6.7 8.9
Geothermal (GWe) 8 11 25 67 26 162 3.1 10.6
Ocean (GWe) - 1 3 9 2 519 - 17.3
Biomass, traditional (EJ/yr) 28 27 20 12 29 -58 -0.0 -4.3
Biomass, advanced for cooking (EJ/yr) 1 4 4 2 88 10.4 8.4 270 million 5 kWth  cookstoves
Biomass heat from cogen for ind/DH (EJ/yr) 1 3 4 14 6 129 10.2 9.8
Biomass pellets for heating (EJ/yr) 0,1 1 2 3 2 49 48.6 5.8 16 million 20 kWth  household boilers
Biomass chips logs etc. for heating 
 buildings

(EJ/yr) 5 5 6 4 49 6.4 1.0 31 million 20 kWth  household boilers

Biomass boilers industry incl. biogas (EJ/yr) 4 4 5 7 7 0 -1.0 3.4 0.7 million 1 MWth  industrial boilers

Biofuels transport
(billion 

litres/yr)
18 105 214 650 287 127 15.9 10.7 15% of global transport fuel use

Biomass use, total (EJ/yr) 43 51 61 108 79 37 1.4 4.3 20% of total primary  energy supply
Solar thermal area (2005 data) (million m2) 157 446 1,162 4,029 1,532 163 11.3 13.0
Share in buildings (%) 100 99 91 67 97 -31 - 10.5
Share in industry (%) - 1 9 33 3 968 - 41.8
Geothermal heat (EJ/yr) 0.2 0.5 0.7 1.2 0.6 86 9.6 4.3
Heat Pump (GWth) N/A 50 177 474 300 58 N/A 13.3
Number of heat pumps (mln) N/A 4 15 40 25 58 N/A 13.3

Battery storage (GWe) N/A 2.0 25 150 73 105 N/A 27.1
5% of total variable  renewables 
capacity

EV, PHEV (mln) N/A 0.2 25 160 69 133 N/A 45.8 10% of the total  passenger car fl eet
Financial indicators

Net incremental system cost
(billion 

USD/yr)
133 0.9%

of 2011 gross fi xed capital formation (15.5 trillion)
Net incremental investment needs

(billion 
USD/yr)

265 1.7%

Subsidy need
(billion 

USD/yr)
101 315 58% of 2012 fossil fuel subsidies (of 544 billion)

Fossil fuel subsidies
(billion 

USD/yr)
544

Regional indicators (based on REmap 2030)
Global - Modern RE (excl. Trad. Biomass) (%) 9 27 13
Global – Modern + Access (%) 30
Global – Modern + Access + EE (%) 34
Global – Modern + Access + EE + “RE+” (%) >36

Note:  Transition indicators for technology deployment, investment and regional deployment, and renewable energy shares provided in the policy indicators refer to REmap 2030, thereby excluding the full implemen-
tation of SE4ALL objectives of doubling the energy effi  ciency improvements and modern energy access.

Table 6.1 REmap 2030: An overview
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and 2020, mainly in Africa and parts of Asia. A core part of the transition 
is the provision of more than 1 billion clean cook stoves.

In the next seven years (from 2014 to 2020), all renewable power sector 
technologies will need to grow substantially in order to implement all ad-
ditional REmap Options by 2030. Different technologies would grow at 
different rates, however, with wind and solar PV increasing at least 5- and 
12-fold, adding about 70 and 60 gigawatt-electric (GWe), respectively, 
of new wind and PV capacity on average each year between today and 
2030.

Early planning requirements for grids and systems in the power sector will 
be crucial as the share of variable renewables approaches 20% in REmap 
2030. Today, four countries (Germany, Italy, China and the US) account for 
approximately 60% of total installed solar PV (around 100 GWe) and wind 
(around 300 GWe) capacities worldwide. According to additional REmap 
Options, all other countries would invest in new capacity along with their 
national plans and beyond. With all REmap Options to be implemented 
by 2030, India, Japan, Mexico and the United Kingdom (UK) could reach a 
total installed wind capacity of at least 300 GWe, nearly 20% of the global 
potential. Similarly, China, India, Indonesia, Japan, South Africa and the 
US would together add another 500 GWe of solar PV capacity by 2030.

Our most pressing challenges for 2020 are ramping 
up new technologies for renewable power, boosting 
energy storage and electrifying the transport sector.

The US, Indonesia and Japan are the main countries which will contribute 
to the global deployment of geothermal power technology. For CSP, the 
main countries are Saudi Arabia, the United Arab Emirates (UAE) and 
India.

There are currently some 200  000 EVs worldwide, and an expansion 
to 160 million EVs and PHEVs would represent approximately 10% of 
the global passenger car fleet. Infrastructure needs to be developed in 

In the first group, technological indicators, biomass is found to be a key 
resource. Total biomass use grows from around 50 exajoules (EJ) to 
108 EJ per year (in primary energy terms) – a more than doubling, or a 
growth rate of 4% per year, significantly faster than the growth during 
the last two decades of around 35%, or 1.5% per year. More than 50 EJ 
additional biomass to be used by 2030 equals around 4 billion tonnes, or 
a queue of trucks that would circle the world 25 times. Up to half of the 
supply potential would originate from Asia and Europe (including Rus-
sia). It is critical that the biomass supply is sustainable, including through 
reduced life-cycle greenhouse gas (GHG) emissions.

The share of modern renewable energy could increase 
by at least 50% by 2020 if action starts today.

Modern solid biomass use would increase by four times, and liquid bio-
mass use would increase by six times, between 2010 and 2030. About 
63% of the total demand for biomass liquids is estimated to be for con-
ventional biofuels, with the remaining 37% being for advanced biofuels. 
Cane ethanol accounts for the bulk of conventional biofuel growth – 
equivalent to five-fold growth in sugar cane for biofuel production. The 
production of liquid biofuels from cane could be located in regions where 
cheap feedstocks are available, such as Africa and Latin America. Asia, 
Europe and North America could concentrate on supplying agricultural 
and forestry residues for various applications.

If additional REmap Options are implemented, the largest liquid biofuel 
users could be in Brazil, China, India, Indonesia and the United States 
(US). These five countries could more than double their biofuels demand 
beyond their national plans by 2030 and make up at least half of the total 
global biofuel market in REmap 2030.

Achieving the goal of modern energy access requires the substitution of 
traditional use of biomass for cooking and space heating. If all REmap Op-
tions are implemented, the installed capacity of advanced cooking tech-
nologies would increase more than four-fold, particularly between today 
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 parallel to accommodate this shift in vehicle type. The contribution of six 
countries (the US, China, Japan, the UK, Germany and Canada) is crucial, 
as they would account for at least 60% of the EV market in REmap 2030. 
As this roadmap shows, realising the full technology potential requires 
the contribution of all countries – from industrialised to developing and 
emerging economies.

Countries of every size and economic type have a part 
to play in order to double the global renewable energy 
share by 2030.

Furthermore, the policy needs vary by technology category. First, tech-
nologies are in different stages of their life cycle. Second, the technology 
characteristics vary. Biomass solutions require feedstock supply and may 
involve trade. EVs require refuelling infrastructure and battery develop-
ment. Emerging technologies require more research, development and 
deployment (RD&D). Governments should first assess the applicable 
technology solutions and then develop the policy framework needed to 
support the transition, based on sector and technology characteristics.

The second group of indicators in Table 6.1 is investment needs in order 
to realise all REmap Options. Net incremental investment needs (above 
the Reference Case) for doubling the renewable energy share by 2030 
amount to US Dollars (USD) 265 billion per year worldwide. More than 
60% is in the power sector, with 10% in the industry sector and the re-
maining 30% in the building sector (the transport sector requires no ad-
ditional investments). When the net fuel-cost savings are also accounted 
for (USD 130 billion per year), the net incremental system costs worldwide 
are estimated at USD 133 billion per year1. These incremental costs are 

1 The incremental system costs are added to the Reference Case system costs. They do not consider 
a drop in fossil fuel prices because of lower demand. If fossil fuel prices would drop by 10% due to 
a 15-26% reduction in demand, the savings amount to USD 450 billion per year, which exceeds the 
system costs increase by more than a factor of three.

relatively modest, as the average cost of substitution in the REmap Op-
tions is USD 2.5 per GJ.

The technologies with the greatest scale-up potential 
by 2030 are onshore wind, solar photovoltaics, 
transport biofuels, solar thermal, heat pumps and 
electric vehicles.

The subsidy needs are estimated to triple to USD 315 billion in 2030 if 
all REmap Options are implemented. This is a market correction for the 
fact that carbon dioxide (CO2) and health costs of fossil fuels are not fully 
priced. Subsidies per unit of modern renewable energy continue to fall 
during this period due to technology learning and rising fossil fuel costs2. 
The largest subsidy needs are for the power sector (two-thirds of the 
total), with solar PV and wind accounting for 65% of the sector’s total. 
The transport sector’s subsidy needs are largely for electrification and ad-
vanced biofuels. In comparison, global subsidies for fossil fuels amounted 
to USD 544 billion in 2012 (IEA, 2013a).

Lastly, Table 6.1 shows renewable energy shares for different sets of ener-
gy policy goals. The Reference Case takes the global modern renewables 
share from 9% to 14% between 2010 and 2030, an increase of approxi-
mately 5 percentage points. When all REmap Options are implemented, 
the additional increase is 13 percentage points, to 27%. This roadmap sug-
gests that policy ambition needs to increase so that the global renewable 
energy share can be doubled.

2 The subsidy needs in 2030 represent an upper estimate. For example, if one tonne of CO2 is priced 
around USD 35 in 2030, the subsidy needs would drop from USD 315 per year to zero.
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6.2  Existing renewable energy targets and  
country  highlights

Elaborate policy frameworks exist but their scope and characteristics vary 
widely from country to country. In a majority of the 26 REmap countries, 
there is an official Reference Case or scenario analysis available (see on-
line Annex). Some of these countries have a renewable energy target as a 
share in TFEC. About half of the 26 REmap countries have targets which 
are specific for TFEC, but the reference year varies from 2015 to 20503.

Analysis of existing renewable energy targets demonstrates the differ-
ence in set commitments across the different sectors. 22 of the 26 REmap 
Countries have adopted a national renewable energy target in their power 
sectors with a timeframe ranging from 2010 to 2050; most targets are to 
be met by 2020. In some cases, the target is general for the renewable 
energy share in total power generation; in others, it is technology specific. 
Some countries have no targets, while others have multiple targets for 
different time horizons, so the reference years vary. Technology-specific 
targets differ based on the deployment level, experience with technology 
and resource availability.

For the transport sector, biofuel and EV targets exist only in some coun-
tries. Most REmap countries have adopted biofuel blending mandates 
ranging from 2% to 10%. Some of the European Union (EU) countries are 
far from achieving the 10% renewable energy target of the transport sec-
tor, explained in part by the low confidence in biofuels. Several countries 
(Japan, India, China and Germany) have EV targets for their national 
vehicle fleets. China has announced a target of 5 million EV and plug-in 
electric vehicles (PHEV) by 2015, but as of 2012, only 4% of this had been 
met (Yue, 2013).

3 A comprehensive overview of the renewable energy targets that have been introduced in the 
26 REmap countries can be found online. These targets represent the commitments of these 
countries in increasing the share of renewable energy in their national energy mix.

There are conventional and advanced biofuel mandates for the EU coun-
tries and the US, and some governments are directing more support to 
advanced biofuels – such as Australia, Brazil, China and India.

Finally, buildings and industry (heating, cooking, etc.) have targets mainly 
for solar water heating and biomass use. Fewer countries have targets for 
end-use sectors as opposed to the case of the power sector. There is a 
need to strengthen efforts in the end-use sectors.

With policy efforts focus mainly on the power sector, 
the industrial sector and heat and cooling for buildings 
require more attention.
In general, targets for the building sector are not expressed as a per-
centage of TFEC, but rather in terms of specific technology capacity for 
heating or cooling or as an implicit objective to increase the share of re-
newables. Renewable energy is promoted through government incentives 
and rebate programs in space and water heating applications (solar water 
heaters, heat pumps and biomass boilers). For example, China, India, 
Morocco and Italy aim to achieve a certain gigawatt volume of heating 
capacity or m2 area of solar thermal. In contrast, Japan has an absolute 
amount of renewable energy supply required if buildings have a floor 
surface area above 2 000 m2.

In recent years, governments have identified the urgency of eliminating 
traditional biomass, which is a common cause for premature deaths due 
to indoor air pollution. Numerous global initiatives and partnerships, such 
as the Global Alliance for Clean Cookstoves, the Clean Stove Initiative, 
have been launched with the aim to educate the masses about clean and 
sustainable cooking practices. In order to accelerate the uptake, espe-
cially in less-developed countries, a market for modern cook stoves needs 
to be created which allows consumers to access affordable and reliable 
equipment.

Renewable energy targets have not been adopted widely in industry; 
however, governments increasingly allocate funds for industrial CHP ef-
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ficiency. Furthermore, as the overall heating and cooling targets do not 
specify sectors, in principle some of these targets could also be deployed 
through increased renewable energy use in industry for process-heat 
generation.

The experience of different countries in setting renewable energy targets 
for the different sectors and in adopting measures to ensure that they are 
met, provides important opportunities for learning and exchange of best 
practices. Countries which are at an early stage of development and/or 
deployment of particular renewable energy options can learn from the 
experiences already acquired and the assessments already taking place 
in others. At the same time, governments can benefit from each other’s 
experience in addressing some of the traditional barriers that impede 
renewable energy deployment. Avenues for cooperation include best 
practice analysis and documentation of conducive and credible policy 
frameworks, including streamlined planning frameworks, targets and de-
ployment policies to strengthen existing national plans.

International co-operation can bridge gaps in countries’ 
existing policy frameworks.

Based on the 26 REmap country analyses, renewable energy highlights 
of the 26 REmap countries were prepared which address country-specific 
policies and technologies. Country briefs which include country-specific 
transition pathway tables and country summaries will be made available 
online in the first half of 2014.

Australia: Renewable energy can comprise more than one-fifth of the 
country’s TFEC by 2030, with a mix of solar PV (half rooftops, half utility), 
onshore wind and biomass (half biofuels, half heat applications). Uptake 
of renewables in the power sector is progressing faster than planned, 
particularly in rooftop PV. Renewable energy policy is under revision with 
the change of government in September 2013. Important policy initiatives 
also exist on the state level.

Brazil: Today, Brazil has the highest renewable energy share among the 
large economies. According to national plans, the country’s renewable 
energy share will remain at the current level of 40% of TFEC, but with 
REmap Options it can go beyond 50%. Brazil would account for one-fifth 
of the global liquid biofuels demand, and its power generation would be 
almost 100% renewables. Very-low-cost wind has been added in recent 
years through a successful auctioning scheme.

Canada: Canada has abundant renewable energy resources, and renewa-
bles can account for one-third of Canada’s TFEC by 2030. Biomass-fired 
industrial CHP plants can double the sector’s renewable energy share, 
and a wide portfolio of renewable energy technologies would account for 
three-quarters of the country’s total power generation. Important policy 
initiatives exist on the state level.

China: China would account for 20% of total global renewable energy 
use if all REmap Options worldwide were implemented, and for a simi-
lar magnitude of the total installed capacity of the different renewable 
energy technologies. China’s engagement is critical in order to meet the 
doubling of the global renewable energy share objective. Objectives for 
solar PV and wind capacity additions have been raised recently to 10 GW 
and 15 GW per year, respectively. Air pollution is a major driver, along with 
industrial development policy and rising oil import dependency.

Denmark: Denmark represents the best practice in renewable energy 
deployment, in terms of both its policy environment and target setting. 
The country aims to reach a 100% renewables share by 2050 with renew-
able electricity combined with district heating, liquid fuels and gas, and 
complemented by extensive energy savings. Over the shorter term, the 
conversion of coal CHP to biomass CHP is a unique feature of the Danish 
transition.

Ecuador: Already, renewable energy accounts for more than 70% of 
Ecuador’s power generation. The sector’s renewable share could near 
85%, mainly with additional hydropower and other renewable energy 
technologies. With a higher share of electricity use in the end-use 
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sectors, the country’s share of renewable energy in TFEC could be raised 
further.

France: France already has an ambitious goal for 2020: to reach a 23% 
share of renewables in its gross final energy consumption. This means 
building 840 PJ of renewable capacity in both the heating and power 
sectors. France is also the second-largest producer of bioethanol and 
biodiesel in Europe. Looking further ahead, after a national debate on 
energy transition, the French government is preparing a new long-term 
energy bill, to be adopted by the end of 2014. The precise trajectories 
and scenarios will be determined afterwards, also taking into account the 
future, post-2020 European energy and climate framework.

Germany: Germany’s Energiewende (“Energy Transition”) initiative has a 
long term target of achieving an ambitious share of 60% renewable en-
ergy in final energy consumption by 2050. The country plans to achieve 
this target with aggressive renewable energy deployment in the power 
and district heat sectors, including novel uses of solar thermal and heat 
pumps in district heat generation. Along with Denmark, it will be one of 
the major countries to deploy offshore wind capacity.

India: India is one of the main countries that relies heavily on traditional 
use of biomass and where a transition to modern energy services has yet 
to be achieved. It is also a big net importer of fossil fuels, and all end-
use sectors could take up renewables. In industry, some biomass-fired 
technologies are already deployed (e.g., gasification) and could be used 
more widely along with other medium- and high-temperature process 
heat technologies such as CSP. Solar PV, CSP and biogas power are being 
rolled out to meet rapidly rising electricity demand, with remarkably low 
costs being achieved in some projects.

Indonesia: Because of Indonesia’s large size and hundreds of islands, 
a significant share of the country still lacks access to modern energy, 
including electricity. Electricity demand is projected to grow more than 
five-fold between now and 2030. Important efforts exist to electrify re-
mote communities and islands using renewables. Expansion of geother-

mal power is being pursued, but additional efforts are needed to meet 
targets. Uptake of solar PV is just starting. Indonesia is already the largest 
producer of palm oil worldwide, and biomass offers opportunities for all 
sectors of the country, provided that it is sustainably sourced. Abatement 
of high energy subsidies is a policy priority.

Italy: Already in 2011, Italy surpassed its EU binding target of 26% renew-
able energy in final energy consumption within the power sector and in 
2012 the renewable energy share was 27.1%. On June 2013, for two hours, 
the cost of energy in the Italian Energy Market has reached the quote of 
ZERO in the whole territory of the country. Renewable energies covered 
entirely the energy demand all over Italy, cutting down the cost of energy 
until the quote of zero was reached. The country is developing a number 
of innovative smart grid solutions to support even higher shares of vari-
able renewables into the power sector.

Japan: Given uncertain nuclear plant prospects and high gas prices, Ja-
pan has put in place an ambitious renewable energy policy. This policy is 
delivering. In addition, as of July 2013 more than 4 GWe of new renewable 
power was in operation. In order to accelerate growth, Japan will continue 
to steadily implement this policy, together with efforts for deregulations 
and grid enhancements.

Malaysia: The government is already pushing for increased use of re-
newable energy through targets and by establishing an organisational 
structure to facilitate the targeted growth. To a large extent, these targets 
can be fulfilled by the large biomass resource of the country. A feed-in 
tariff scheme has been put in place, but high energy subsidies present an 
obstacle for renewable energy uptake.

Mexico: The country’s energy policy was fundamentally re-designed at 
the end of 2013, and a progressive policy has been put in place to acceler-
ate renewable energy growth in the power sector.

Morocco: Morocco is one of the most energy import-dependent coun-
tries in the region. To reduce this dependency and benefit from socio-
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economic aspects of renewables, the country has ambitious plans for the 
year 2020 to use CSP, solar PV and wind technologies. Future export of 
renewable power to Europe could be hindered by transmission capacity 
limitations.

Nigeria: Nigeria today meets nearly 65% of its energy demand from tradi-
tional use of biomass. It is one of the most challenging countries in terms 
of meeting the objective of modern energy access, in particular because 
energy demand is growing very fast. The developments and experiences 
which are being achieved in Nigeria will be important examples for the 
greater Africa region, in terms of both modern energy services and the 
uptake of renewable energy.

Russia: Russia has a wide range of renewable energy resources, such as 
biomass and geothermal, but the country’s tremendous land area cre-
ates difficulties in deploying these potentials. Coal and natural gas use in 
Russia’s large district heat sector could be substituted with biomass, and 
additional sectors could benefit from the large biomass resources avail-
able, raising the country’s renewable energy share further. The country’s 
first renewable energy power auction was held in 2013, and exports of 
biomass commodities such as pellets are growing. Important initiatives 
are taking place on a regional level that supplement national efforts.

Saudi Arabia: the Kingdom’s dynamic economic and population growth 
have spurred the local demand for electrical power. Historically, the King-
dom has satisfied local power and desalinated water demands through 
the use of its plentiful, but non-renewable, hydrocarbon resources. The 
Kingdom has begun an ambitious all-encompassing approach towards a 
sustainable energy mix that emphasizes education, research, global col-
laboration, local integration, commercialization and social benefit. This 
ambitious strategy positions the Kingdom to not only implement the 
world’s largest renewable energy projects but to also export the resulting 
expertise and developed technologies globally.

South Africa: Although South Africa is a major coal producer and con-
sumer, the power supply crunch in recent years has served as a wake-up 

call, and the country has rolled out an ambitious renewable energy policy. 
This includes wind and solar power investments, as well as hydro imports. 
In combination with solar thermal for water heating and different forms 
of biomass and waste (including landfill gas), these measures have the 
potential to nearly triple the renewable energy share by 2030.

South Korea: South Korea imports 96% of its energy, and industry is a 
key player in the country’s economy, accounting for 61% of total energy 
consumption. To enhance energy security and reduce GHG emissions, 
South Korea has not only been increasing deployment of renewable en-
ergy, but also developing renewable energy industry as a new economic 
growth engine. As a result, the Korean manufacturing sector is producing 
innovative renewable energy technologies and is planning to become one 
of the largest exporters of green technologies in the world. Korea will be 
releasing a new national renewable energy plan in 2014.

Tonga: The Tonga Energy Road Map (TERM) is a proven framework for 
energy transition. In other Pacific islands, the recent price slide of solar PV 
has resulted in a pipeline of new projects, and grid stability and electric-
ity storage have come to the forefront as renewable energy integration 
issues.

Turkey: The country aims to raise its solar, wind, biomass and geothermal 
capacity and also to deploy its technical hydro potentials in its power sec-
tor to ensure energy security. A considerable share of its building stock 
will be renewed within the next two decades, which creates a large po-
tential for integrating renewables; in general, however, new renewable en-
ergy policies are required to increase renewables use in end-use sectors.

Ukraine: Ukraine is dependent on natural gas imports, and its energy 
intensity is higher than in most other economically developed countries. 
The country could be an interesting illustration of how SE4ALL objec-
tives for both energy efficiency and renewables can be met, as potentials 
for both are large. For renewables in particular, biomass, solar thermal 
and wind offer potentials for both end-use and power and district heat 
 sectors.
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United Arab Emirates: The UAE foresees abundant renewable energy 
potentials of mainly solar and can considerably increase the renewable 
energy share in its energy mix. For example CSP can be used to generate 
industrial process heat (including in petroleum refining) and for power 
generation. The UAE is a leader through funding, development and opera-
tion of projects globally, using MASDAR and Abu Dhabi Fund for Develop-
ment (ADFD). The UAE hosts the IRENA headquarters.

United Kingdom: The UK has some of the best wind and marine energy 
resources in the world and is promoting the deployment of these tech-
nologies through a range of innovative policies. Biomass is imported on a 
significant scale and used for co-combustion, with Drax being the largest 
plant of this type in the world. The UK has clear plans to support future 
biomass deployment. The UK is well placed to meet EU renewable energy 
targets, and has a robust package of financial support and other policy 
measures in place to help ensure its achievement.

United States: The US has tremendous renewable energy potentials, but 
these vary greatly by region given the size of the country. It has one of 
the largest geothermal and wind resources and also is developing novel 
forms of hydro that have low environmental impact. The US is also a test-
bed for transport sector technologies, such as hydrogen, battery electric 
and hybrid systems, and has innovative projects for advanced biofuels. 
Policies at the state level, rather than the federal level, are driving renewa-
bles deployment, and some states are world leaders in renewable energy 
deployment.

6.3  National actions for accelerated renewables 
 deployment: policy opportunities

Although deployment of some renewable energy technologies is growing 
at a faster rate than many governments realise, governments will continue 
to play an instrumental role in supporting the further development and 
deployment of renewable energy technologies across all sectors. If the 
share of renewables is to be doubled in the global energy mix, deploy-

ment should not simply be left up to markets and existing players. Indeed, 
meeting the objective of doubling the share of renewable energy by 2030 
requires action by both the public and private sectors.

Boosting renewable energy share requires action, 
not only from the private sector, but also from policy 
makers.

As renewables evolve, they require a specific mix of targeted incentives 
at each stage, from basic science and research and development (R&D) 
to commercial deployment. Renewable energy deployment policies, in 
particular, have been instrumental in stimulating market development. 
Such policies can be categorised broadly into:

 ● fiscal incentives (tax credits, grants, rebates, etc.);
 ● public financing (guarantees, low-interest loans, etc.);
 ● regulations (quotas, feed-in tariffs, auction mechanisms, etc.);
 ● enabling policies (capacity building, knowledge, etc.).

Various deployment policies have been adopted globally at the regional, 
national and state/provincial levels. As the previous chapter showed, re-
newable energy targets – and as a consequence policies – have focused 
mainly on the electricity sector. There is already a trend towards greater 
adoption of policies for the heating/cooling and transportation sectors, 
but further attention will be required for the end-use sectors (Mitchell et 
al., 2011). Adoption of relevant policies across all end-use sectors will be 
crucial not only for the realisation of REmap Options, but also to bring 
about the necessary step-change beyond the electricity sector.

The success of REmap Options will also depend on a broad range of com-
plementary policies, including trade and investment, R&D and education. 
In this context, adequate measures and planning will be required. For 
instance, the deployment of REmap Options will result in additional jobs 
in the renewable energy sector. These jobs will need to be filled with a 
suitably skilled and trained labour force, requiring an appropriate policy 
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environment to meet the employment needs of a growing renewable 
energy sector (IRENA, 2013i).

Establishing the right mix of policies also has the potential to generate 
new economic activities and maximise value creation. This will depend 
on existing industrial capacities, regional and global market develop-
ments and the current competitiveness of each market. Governments 
can support value creation through a variety of measures, including 
programmes to strengthen technology transfer through cluster devel-
opment, implementation of local content requirements, and product 
development through public and private co-operation in the field of 
research and innovation (IRENA and CEM, 2014). IRENA’s econValue 
project analyses value creation from renewable energy deployment and 
provides recommendations for policy design options to optimise such 
benefits.

The 26 REmap country analyses present national policy actions needed to 
overcome existing barriers that are often technology, sector and country-
specific. Supported by consultations with national experts, five areas of 
national policy action areas are identified (illustrated in Figure 6.1). Each 
policy action area is characterised by a context-specific mix of enabling 
policies and is stand alone, but they have a direct impact on the effec-
tiveness of the other action areas. As such, they represent the phases of 
the renewable energy policy life-cycle starting with planning pathways, 
which includes more insight into the base-year situation and the devel-
opment of national plans and targets. This is followed by creating an 
enabling business environment with extended policy support, long-term 
commitment and interim measures to improve the economic viability of 
renewable energy technologies (e.g., risk guarantees). With increasing 
renewable energy use, the integration of renewables into the system 
and improvements in infrastructure will be needed. Each of these phases 
needs to be supported with up-to-date and well-managed knowledge 
about renewables (including skills and capacity building). Innovation in 
new and existing technologies as well as in policies and finance schemes 
will need to support market creation and the integration of renewables 
to the system.

Doubling the share of renewable energy in the global energy mix by 2030 
is not an end point. As national plans improve and become successful for 
doubling the global renewable energy share in 2030, the policy action 
phases start again to review and adapt policy frameworks and targets, 
improve technology level and reach even higher levels of renewable en-
ergy.

The national policy action areas defined earlier are each accompanied 
by specific proposals in order to ensure that renewable energy deploy-
ment is adequately supported along its development stages. Table 6.2 
provides an overview of these policy proposals for each of the national 
policy action areas; this is not exhaustive list. Most action will be national, 
but international co-operation can help to accelerate an energy transi-
tion, which is further discussed in the next chapter. As such, there is no 
“one size fits all” solution for policy frameworks. Actions and policies will 
need to be tailored to account for the specific needs of regions, sectors 

Figure 6.1 Policy action areas to accelerate renewable energy 
 deployment
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and technologies and involve multiple stakeholders (World Bank, 2013d). 
The existing physical, legal and regulatory structure of energy supply 
and demand, renewable resource endowment, the age profile of capital 
stock, demand growth prospects, and social and cultural factors all play 
a role and determine the optimal design of renewables policies. The rest 
of this chapter further elaborates on the specific proposals highlighted in 
Table 6.2.

6.3.1 Planning transition pathways

The implementation of policies to support the growth of renewable en-
ergy deployment can benefit from an overarching long-term strategy 
based on credible and attainable targets.

Proposal #1: Assess the base-year situation and Reference Case trends for 
renewable energy for 2030 on a country basis.

As discussed earlier in Chapter 6.2, the availability of energy data for 
the current situation and for the period to 2030 differs across countries. 
Some of them do not have reliable statistics about how much energy is 
consumed, such as Nigeria, and reported traditional biomass use data is 
subject to further uncertainty. Others have targets, although of varying 
quality and detail. Many EU Member States have targets for 2020, but 
roughly half are not on course to meet them. Other countries do not even 
monitor progress; however, a few have quite detailed roadmaps for 2030, 
with goals even for 2050.

The REmap analysis is based on country Reference Cases. In general, all 
countries have scenario modelling within universities or other organisa-
tions, but these are not necessarily linked to government studies and 
are not used for official projections. Therefore, not all countries had an 
official Reference Case to share with IRENA for the REmap analysis. Half 
of the 26 REmap countries provided a Reference Case with projection 
end-years varying between 2025 (e.g., Mexico) and 2050 (e.g., France). 
For others, external sources such as the IEA’s World Energy Outlook 2012 
were used.

Proposal #2: Develop a national roadmap to meet renewable energy tar-
gets. Monitor progress and re-evaluate targets and framework effective-
ness and efficiency regularly.

While developing Reference Case trends that are consistent with national 
development agendas is vital, it is equally important to set national re-
newable energy targets and ensure that they are pursued. In addition, it 
should be recognised that change in the energy sector is gradual, usually 
spanning many years. During the course of this transition, it is crucial to 
ensure that the certainty and reliability of policies is maintained. One 
of the successful approaches, as experienced in Denmark, has been to 
achieve an agreement between the main stakeholders, including politi-
cal parties, to formulate a long-term goal for renewable energy market 
development. There is also a need for periodic review and adaptation of 
policies as markets and technologies evolve, so that support schemes 
remain effective and efficient, while sufficient certainty is maintained in 
the investment environment (IRENA, 2012g).

Many countries have energy mix projections and renewable energy tar-
gets, but not all countries enforce them. Planning and project-approval 
procedures can be too lengthy, feed-in tariffs too low or difficult to ob-
tain, and there is a perceived risk of sudden policy changes.

On the positive side, some countries exceed their targets. China and India 
have both surpassed their previous renewable energy targets, and their 
Five-Year Plans have been reviewed to include higher renewable energy 
targets for forthcoming years. 

Proposal #3: Ensure human and institutional capacity to develop and 
 sustain the transition.

Accelerated renewable energy deployment requires that a range of hu-
man and institutional capacity needs are met. Governments need to pro-
vide a supportive policy, planning and regulatory framework; the private 
sector has a key role to play in deploying new technologies. An enabling 
framework is needed including market structures, energy supply and use 
capital stock, and the availability of investment capital; finally, training 
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Ta ble 6.2 Policy action areas and proposals to accelerate renewable energy deployment

Action Area Proposals Countries/Actors

Planning transition 
pathways

#1 Assess the base-year situation and Reference Case trends for renewable energy for 2030 on a coun-
try basis. All

#2 Develop a national roadmap to meet renewable energy targets. Monitor progress and re-evaluate 
targets and framework eff ectiveness and effi  ciency regularly. All

#3 Ensure human and institutional capacity to develop and sustain the transition. All

#4 Streamline planning processes and ensure their consistency and inclusiveness on diff erent levels, 
including municipal, national and regional planning. All

Creating an enabling 
business environment                                               

#5 Invest in new capacity and develop risk-minimising measures to reduce the cost of capital and level-
ised cost of renewable energy generation and use. All, developing countries

#6 Consider increased renewable energy deployment as an alternative to fossil fuel subsidies. Countries which subsidize 
fossil fuels

#7 Ensure fair market access and phase out negative price distortions. Countries with 
monopolies/oligopolies

#8 Account for external eff ects in the pricing of fossil fuel energy supply and use. Countries with 
high air pollution levels

#9 Ensure quality of products through standards and regulations, and fi nd the country balance for local 
content requirements in the light of market access for cost reductions and innovation. All

#10 Through country-dialogue and community engagement, establish a set of credible and predictable 
policy frameworks that can be maintained over longer periods. All

#11 Reduce the duration of project implementation by improving the planning and regulatory frame-
work All

Ensuring smooth 
integration into the 
existing infrastructure

#12 Build enabling infrastructure such as transmission grids, interconnectors and electric vehicle charg-
ing stations.

For example, countries where re-
source/demand centres are apart

#13 Facilitate sustainable biomass supply and consider the nexus in the development of renewable 
energy strategies and policies, notably land, energy, water, agriculture, trade and infrastructure. All

#14 Develop market for aff ordable and reliable equipment for modern energy access. Developing countries

Creating and 
managing knowledge

#15 Build a strong, publicly accessible knowledge base on renewable energy technology costs, potential 
and technology options. All

#16 Expand project development knowledge for bankable project proposals. All

#17 Collect and report best-practice information on technology and policies. Countries with best practices

#18 Establish and improve programmes to increase awareness and strengthen the capacity of manufac-
turers, installers and users. All

#19 Design renewable energy technologies from the point of view of product and service life-cycle 
environmental and sustainability impacts.

Countries with R&D and 
manufacturing base

Unleashing
innovation

#20 Develop targeted policies that support the technology life cycle. All

#21 Review energy applications of high relevance and low renewable energy potential and develop 
programmes to fi ll the gap with new technology.

Countries with 
such applications
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Box 6.1 The German Energiewende
Germany deserves special attention. As the world’s fourth largest economy, it 
has retained its manufacturing industry base even as it pursues an ambitious 
transition to renewables, the phase-out of nuclear energy and reduced energy 
consumption. Most saliently, the German transition is a democratic movement, 
with most investments having been made by citizens, small businesses and 
communities. Germany’s four biggest power providers, which collectively 
make up three-quarters of the market, are responsible for only 5% of all invest-
ments in renewables as of 2012 (Böll Foundation, 2012-2014).
Efforts began two decades ago, and the share of renewable energy in the 
power sector has since risen from around 3% to 25% in 2013. Policy-makers 
have acknowledged that the activities in the power sectors as part of the en-
ergy transition (“Energiewende”) need to be complemented by further efforts 
in transport and heating.
In February 2014, roughly 36 GW of PV, 33 GW of onshore wind, 7 GW of bio-
mass capacity had been installed resulting in a net electricity production of 
30 TWh for solar, 53.4 TWh for wind and 42.6 TWh for biomass energy over 
the year 2013. Total installed renewables capacity is at 83 GW, compared to 
105 GW of fossil and nuclear capacity. Electricity demand is stable or declin-
ing, and the daily peak averages around 60-70 GW, with an annual peak of 80 
GW. Renewable power now regularly peaks at levels close to a third of total 
demand.
Because baseload power plants are inflexible, wholesale prices sometimes 
fall below zero, and exports to neighbouring countries are skyrocketing – up 
around 50% in 2013, and 2012 was itself a record year of power exports for 
Germany. Average wholesale prices have fallen for four years in a row, and util-
ities face losses, in part because they failed to understand the consequences 
of the transition for them. But to be fair, almost everyone expected wholesale 
power prices to go up this decade (DLR/IWES/IFNE, 2012). After the shut-
down of 8 of the country’s 17 nuclear plants in the spring of 2011, some feared 
a shortfall of generating capacity, so the outcome – a huge power export sur-
plus and record-low wholesale prices – is the opposite of what was expected.
Electricity surcharges related to feed-in tariffs have grown significantly and 
accounts for more than a fifth of consumer electricity prices. Preventing 
further growth of this surcharge is a policy priority. According to German util-
ity association Bundesverband der Energie- und Wasserwirtschaft, solar PV 
alone made up some 53% of the renewables surcharge in 2013, although it 
provided only 20% of all renewable electricity in 2012. This experience cannot 
be transferred to other countries, however; Germany invested in PV heavily 
during the last decade, when the technology was quite expensive, financing 

the steep learning curve. The technology now costs only a third as much, and 
prices continue to fall. Onshore wind remains the least expensive source of 
renewable electricity, making up only 16% of the renewables surcharge in 2013 
although it accounted for a third of all renewable power. Future support levels 
for new wind and PV capacities will be similar to projected kWh-costs for new 
conventional capacities.

Biofuels have raised concerns in Germany because of the conflict between 
food and energy crops, but German car manufacturers are warming to the 
idea of electric vehicles. In the building sector, strict efficiency standards ex-
ist for new buildings, but the large inefficient existing stock is a challenge. Oil 
is used widely as heating fuel, although biomass pellets are often cheaper. 
Support for heat pumps and solar water heating has been wavering, with 
funding based in part on lower-than-expected revenue from carbon emission 
allowances. There are interesting demonstration projects for seasonal heating 
and cooling. So far, too little attention has been paid to renewables in heavy 
industry.

Major policy changes are expected in 2014 with the reform of the Renewable 
Energies Act (EEG). It is the intention of the government to focus on the most 
cost efficient sources of renewable energy, namely onshore wind and PV. In 
addition the FIT framework will continue to support the deployment of off-
shore wind capacity. The deployment targets are set at 6.5 GW until 2020 and 
15 GW until 2030. The average FIT for all RE installations built until the end 
of 2013 was 17ct/kWh (in euro cent). This average is supposed to fall to 12 ct/
kWh for new capacities. The new government has proposed binding deploy-
ment corridors for new wind and PV capacity in which the steady reduction 
of the FIT in coming years depends on the capacity addition of the previous 
year. This is supposed to keep capacity additions around 2,5 GW for each 
onshore wind and PV as well as to provide a greater planning security. The 
market premium (a fixed premium on top of wholesale market prices) that 
was optional in the past (80% of wind capacity participated) will now become 
mandatory improving the market responsiveness of renewable capacities. The 
amendment of the EEG is to enter into force on 1 August 2014. It also seems 
possible that Germany will implement a capacity payment for dispatchable 
electricity generation within the near future. Clearly, the ability of renewables 
to be built quickly and in large quantities has disrupted the traditional power 
market in Germany.

The macroeconomic benefits include an estimated 377 000 jobs in the re-
newables sector in 2012 and reduced energy imports. The benefit for the world 
may be even greater: in fact German power consumers are paying a large part 
of the bill for the global learning curve in wind and solar power.
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tive requires time. The time required needs to be shortened with new poli-
cies and interim measures.

Proposal #5: Invest in new capacity and develop risk-minimising measures 
to reduce the cost of capital and levelised cost of renewable energy gen-
eration and use.

The risk profile of renewable energy projects is, in many cases, different 
from that of conventional energy projects. Typically, the bulk of renew-
able project costs are upfront investments with low ongoing operating 
and fuel costs. Therefore, the required return on investment plays a criti-
cal role in overall project viability, more so than for competing fossil fuel 
projects. The cost of capital (or the discount rate) can vary widely and 
is a sensitive issue. In Africa, project developers and investors routinely 
demand a 20% return on capital. In industrialised countries, pension funds 
and other large investors may require only a 5% return for investments in 
utilities and transmission companies – a big difference for the viability of 
renewables projects. The difference in the cost of capital is related in part 
to the general characteristics of economies, but also in part to uncertainty 
about renewables policies. Reducing these uncertainties lowers the cost 
of capital. In addition, more-convenient debt requirements and longer 
debt terms would help to reduce the cost of capital. Mitigating risks for 
investors, for example through guarantee schemes and insurances, will 
accelerate the deployment of renewables. In general, a better under-
standing of risks, real and perceived, is necessary in order to effectively 
mitigate their impact.

The levelised cost of renewable energy is sensitive to 
the cost of capital, which increases with higher market 
risk.

Like the conventional energy sector, banks deal with large renewable 
energy projects. Yet the project size of the distributed renewables or 
rooftop solar PV could be quite small and makes an important difference. 
In the UK, for instance, only a few banks lend to projects smaller than 

and education institution need to ensure that there is the human capacity 
the sector requires. Therefore institution building and renewable energy 
education and training are critical in the transition to renewable-based 
energy systems.

Proposal #4: Streamline planning processes and ensure their consistency 
and inclusiveness on different levels, including municipal, national and 
regional planning.

Energy planning includes different stages: basic statistical data collec-
tion, establishing demand projections, analysis of options and strategies, 
enforcement and regular monitoring, and reporting and verification as 
a basis for policy adjustments. While these stages are in place in most 
countries for the power sector, this is less common for other sectors 
(IRENA, 2013k).

Even within a single country, local and national plans often do not match. 
German state-level renewable energy plans collectively exceed national 
targets, and there is a similar lack of co-ordination between federal and 
state governments in Nigeria, Canada, Russia and the United States. Mu-
nicipal plans are all too often not well co-ordinated with national objec-
tives.

6.3.2 Creating an enabling business environment

According to this roadmap, most renewable technologies will have an 
economic case by 2030 compared to conventional fuel equivalents. 
Although renewables are becoming increasingly cost competitive com-
pared with conventional energy, this is not yet the case in all parts of the 
world. Reaching economic viability cannot be left to markets alone since, 
in some regions, markets are distorted due to subsidies on fossil fuels; in 
others, the risks for investing in renewable energy are high, which raise 
the costs. Benefits of renewable energy related to improved human health 
or climate change mitigation are also not accounted for. Policy makers 
need to act today in order to ensure cost competitiveness of renewables 
in the future. Establishing a market where renewables are cost competi-
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20 MW in size, making financing for new projects both more difficult and 
more expensive (REG Windpower, 2013). Many banks are not willing to 
lend below USD 20 million – quite a large amount for typical distributed 
renewable energy projects.

The cost of financing low-volume investments is higher because some 
transaction charges are fixed. There is a need to develop project-ag-
gregation mechanisms that can be certified for investments from larger 
investors. Small-scale projects face additional challenges compared to 
large-scale projects in terms of obtaining market intelligence, training and 
retraining skilled staff and purchasing the small amounts of professional 
services needed to inform project development. Dedicated funds and 
government financing schemes such as guarantees, low-interest loans or 
green bonds are needed for this purpose (SE4ALL, 2013).

Funding the transition to renewables depends on private sector engage-
ment. Developing countries face challenges in mobilising long-term 

financing for energy and green infrastructure, and the challenges are 
compounded by the need for regulatory reform, uncertainty about the 
global outlook and the resultant private sector risk aversion.

Strategies need to be developed for the financing of 
small-scale renewable energy projects.

The issue of constraints to scaling up financing flows for infrastructure in 
general – and clean energy in particular – has been widely studied. The 
following are the most frequently mentioned challenges (SE4ALL, 2013):

 ● Increasing the financial and human resources dedicated to project 
preparation;

 ● Bringing mainstream investors into emerging markets;
 ● Increasing leverage of attractive but limited development bank re-

sources;

Box 6.2 Risk assessments for renewable energy investments
Investors in energy technologies primarily look at a trade-off between risk 
and return. The higher the risk, the higher the expected return. The level of 
risk relates to the size of the initial investment, current and future operating 
costs, the maturity of the market, the political environment, carbon prices, the 
ease and rates at which capital can be borrowed, etc. The return depends on 
the rate at which benefits start to be generated once the technology begins 
operation. For energy technologies, the return is often relative to the price of 
the electricity or energy sold.

Investors may see a relatively high risk for investing in renewables if they have 
no experience in the field, which could be the case if the policy environment 
does not provide sufficient investor confidence or if technology development 
is uncertain. For renewable energy technologies, if there are risks originating 
from the maturity of technology or the policy environment, high discount rates 
(or weighted average cost of capital, WACC) could result in high annualised 
capital costs. The upfront risks for investments in conventional technologies 
are lower, but fuel prices which contribute to a large share of the levelised cost 
of electricity/heat may fluctuate.

The time dimension for both risks and returns is an important element for 
investors. The choice of the right discount rate to assess the economic feasibil-
ity of technologies is becoming increasingly important. An analysis prepared 
for the Committee on Climate Change in 2011 found that low discount rates 
are assigned to projects with an overall low risk perception (such as solar PV, 
onshore wind, run-of-river hydro and biogas). Medium-high discount rates 
are used for biomass and offshore wind, whereas high discount rates apply 
for tidal and wave technologies. For conventional technologies, combined-
cycle gas turbine (CCGT) plants are perceived to be low risk; new nuclear is 
perceived to be medium risk; and coal- and gas-fired power plants combined 
with carbon capture and storage (CCS) are perceived to be high risk.

In the REmap 2030 analysis, the discount rates are adjusted per country but 
not per technology. If discount rates were adjusted per technology, the cost 
comparison between new nuclear and onshore wind would be more beneficial 
for onshore wind. Similarly, the cost comparison between CCGT and offshore 
wind would be more beneficial for CCGT. A more detailed analysis of the im-
pact of discount factors – including policy opportunities to reduce the cost of 
financing – is planned for the coming years.
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 ● Improving the policy environment for private investments in energy; 
and

 ● Aggregating small-scale projects to meet minimum financing thresh-
olds.

Development banks remain one of the main sources of concessional and/
or long-term finance available for funding infrastructure. However, the 
contribution of development banks in the order of USD 60 billion per year 
in renewable energy is very modest in relation to the needs for financial 
scale-up. On average, the leverage factors are still comparatively low. A 
new paradigm is needed whereby development banks achieve a much 
higher leverage with a focus on project preparation and commercial fi-
nancing is expanded at the same time.

Successful mitigation measures have included: lowering transaction costs, 
investment and production tax credits, subsidies, grants or rebates, soft 
loans, preferential treatment (priority grid access, parking and bus lane 
usage rights for electric vehicles, etc.), raising standards and implement-
ing quality-control mechanisms. More-uniform international application 
of such measures will increase competition, increase market size and 
strengthen national deployment efforts.

In addition to investment support measures, policies for renewable power 
generation such as fixed price and premium feed-in-tariffs, portfolio 
standards and auctions are known to be effective for capacity develop-
ment. However, such market policies need to be designed carefully to en-
sure that innovation and investments are continuous and that they remain 
effective and efficient. Finally, these interim measures should be removed 
when markets do not require them any further.

Proposal #6: Consider increased renewable energy deployment as an 
 alternative to fossil fuel subsidies.

Resource availability, policy and economic factors determine the varia-
tions in energy prices across countries as well as the taxes and subsidies 
imposed. Countries facing energy security issues and importing nations 

generally have policies which promote the efficient use of energy, such as 
different forms of taxes, and switch to fuels which are locally abundant.

Countries with large fossil resources are generally also the energy ex-
porters. They commonly also subsidise the domestic use of fossil fuels 
by granting inexpensive access to oil-based products, electricity and 
cooking fuels. As discussed in Chapter 4.2, pre-tax consumer fossil fuel 
and electricity subsidies reached more than USD 544 billion in 2012. A 
few countries make up most of the total, with primarily the Middle East 
(Iran and Saudi Arabia) and North Africa (Egypt) representing 50% and 
emerging and developing Asia (India, China, and Indonesia) representing 
20% of this amount. Furthermore, some countries subsidise electricity as 
well (for example India and some African countries). These subsidies act 
as a barrier for uptake of renewables. They generally make for ineffective 
poverty alleviation policies, as the majority of the subsidies end up with 
those using most of the energy – i.e., the rich. Renewables are increasingly 
seen as a viable solution for reduced government subsidies.

New financing approaches are needed to mobilise 
significant financial capital.

Nearly half of the total subsidies are for petroleum products, with 30% 
for electricity and a quarter for natural gas. Total fossil fuel and electric-
ity subsidies are six times more than the renewable energy support of 
USD 88 billion (USD 55 billion for power from renewable resources and 
USD 33 billion for biofuels). On the one hand, governments intervene in 
markets in a positive way by providing subsidies to renewable energy. 
On the other hand, fossil fuel subsidies provide limited incentive for 
increased renewable energy use. Only few countries intervene in both 
ways at the same time but on a global scale both types of interventions 
pull in different directions. While it is often politically difficult to phase 
out subsidies government are encouraged to review the effectiveness of 
such subsidy schemes and consider accelerated renewables deployment 
in combination with higher energy efficiency as a way to reduce fossil 
fuel subsidies.
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Proposal #7:  
Ensure fair market access and phase out negative price distortions.
A greater share of renewable energy can produce greater economic 
growth for the national economy. Central-station power plants with large 
capacity require big corporations and banks, but distributed renewables 
open up the market to more small and medium-size enterprises, indi-
viduals and small investors. In Germany, individuals and citizen-owned 
energy co-operatives held 79% of the renewable power generation ca-
pacity in 2012 (Böll Foundation, 2013b). This diversification of ownership 
structures within the energy sector has the potential to stimulate local 
job creation as new small and medium-sized enterprises (SMEs) emerge 
within the sector. Indeed, this has also led to increasing competition with 
incumbents – who, naturally, cannot be expected to fully promote such 
diversification. Therefore policy makers must ensure a fair playing field for 
everyone. Greater market competition can benefit consumers and create 
jobs. The local benefits of renewable energy such as jobs, ownership of 
energy systems need to be communicated with the public.

Indeed, in some countries, utilities set the price paid to independent re-
newable power suppliers – their competitors. Not surprisingly, the prices 
offered are not always attractive. In other countries, incumbent utilities 
own the power grid. Unsurprisingly, grid access for renewables suppliers 
in such cases is often bureaucratic and costly.

Proposal #8:  
Account for external effects in the pricing of fossil fuel energy supply and 
use.

The cost and benefits of renewable energy are not valued adequately in 
current market frameworks. As discussed in Chapter 4.2, if external costs 
that currently are not taken into account in the market – such as those for 
health care, climate change and environmental impacts – are taken into 
account, most of the conventional energy technologies would become 
more expensive than renewables. External costs need to be internalised 
by policy measures, as they are inherently ignored if left to market solu-
tions.

Proposal #9: Ensure quality of products through standards and regulations, 
and find the country balance for local content requirements in the light of 
market access for cost reductions and innovation.

The need for international co-ordination in planning, standardisation and 
quality control is rising. Standardisation and quality control are essential 
for ensuring the safety, performance and long-term durability of prod-
ucts, in particular in an increasingly globalized renewable energy market. 
These are also important to support renewable energy technology de-
ployment and increase investment and public acceptance, in particular 
for technologies newly entering the market. Support for demonstration 
projects is needed as well as for the creation of research, development 
and test facilities for new technologies.

For instance, the EU is currently focussing more on international grid ex-
pansion to lower costs and the need for upgrades. In the standardisation 
and quality-control fields, about 570 international standards have been 
identified, but their deployment is not as widespread as needed (IRENA, 
2013l). 

To increase local benefits, such as creating jobs or economic develop-
ment, from renewable energy technology investments, governments are 
mandating the use of equipment and technologies which are produced 
domestically. However, there is also a risk for investors not to be able to 
implement the most innovative and cost-effective equipment due to local 
content requirements. The balance between local content requirements 
and international trade of technologies should be found for the deploy-
ment of affordable and best technologies.

Proposal #10: Through country dialogue and community engagement, 
establish a set of credible and predictable policy frameworks that can be 
maintained over long periods.

A long-term strategy that is adequately supported by an appropriate 
policy framework can play an important role in attracting investments 
into the renewable energy sector, as such frameworks reduce the invest-
ment uncertainty.
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leader in wind and solar power growth through long-term policy com-
mitments and stable incentives. Renewable energy has relatively high 
acceptance among political parties, developers, and society, and much 
has been done to strengthen Germany’s capacity building at a research 
and technical level.

Denmark goes even further than Germany, with the Danish 2050 Strategy 
aiming to achieve 100% independence from fossil fuels in the national 
energy supply (electricity, heat, industry and transport) by mid-century. 
Denmark’s government has helped the country become the world leader 
in wind energy through policy mechanisms guided by national energy 
plans with long-term targets. The government has several energy policy 
milestones: half of traditional consumption of electricity from wind power 
in 2020, a phase out of coal and oil burners by 2030, and electricity and 
heat supply covered by renewable energy by 2035.

Proposal #11: Reduce the duration of project implementation by improving 
the planning and regulatory framework

Planning procedures are a problem in many countries because of the time 
and cost involved. Japan is an extreme case, with the average develop-
ment time of nine years for a wind project because of very strict envi-
ronmental planning procedures. In France, the planning for a utility-scale 
solar PV project typically takes two years. Streamlined planning proce-
dures reduce “soft costs” (permitting, paperwork, etc.). In Germany, it 
sometimes takes only a week to get approval for a small solar PV project.

6.3.3 Ensuring smooth integration into the existing infrastructure

The integration of large amounts of variable renewables – mostly solar 
and wind – into the power sector calls for particular attention. REmap 
2030 analysis showed that a number of countries could achieve a more 
than 40% share of variable renewable energy in their power generation 
capacities if all REmap Options are implemented. Electricity transmission 
networks need to be expanded to connect centres of supply and demand 
in a way that is socially, technically and economically acceptable. More 

Box 6.3 Transition management
REmap is supporting policy makers by identifying realisable options to 
transition towards a renewables-based energy system. These technology 
options need to be supported by specific policy interventions between 
today and 2030. However, policy makers will also need to consider and 
engage stakeholders to ensure that these physical changes will be real-
ised. These stakeholder groups include organisations that historically have 
dominated the energy sector – such as utility companies and oil companies, 
or car manufacturers in the transport sector – but also newer stakeholder 
groups like biochemical firms, electric car manufacturers, the offshore in-
dustry or local community groups.

One possible model for governing a transition towards a renewables-based 
energy system is “transition management”. The idea behind transition man-
agement is that a physical transition also requires a fundamental change 
in the socio-economic system and cultural settings that govern the energy 
sector – including the attitudes and behaviours of consumers. Guiding 
principles for transition management are long-term goals, strategic innova-
tion networks to support newcomers, experimentation and avoid lock-in, a 
recognition of the role of incumbent stakeholders that may want to protect 
their position, and the need to align different policy domains.

The relevance of transition management increases as the transition towards 
renewables deepens. In other words, for policy makers in countries with the 
highest renewable energy shares in the power and end-use sectors, it will 
be important to consider the different stakeholder roles, create space for 
newcomers and actively manage the transition. Similarly, countries that are 
looking at more innovative ways of integrating renewables into their sys-
tems will need to ensure that there are opportunities for continuous experi-
mentation and learning. Finally, transition management provides a relevant 
framework to consider activities beyond 2030, as the transition towards 
renewables will require even deeper and more disruptive changes in the 
energy system (Rotmans, Kemp and van Asselt, 2001; Bosman et al., 2013).

A number of countries have successfully included renewable energy in 
their energy plans. Germany is one prominent example. The country’s 
target for 2050 is at least 60% renewable energy by 2050, with at least 
80% renewable energy in the power supply. The country is also a global 

REmap 2030  146



6

decentralised electricity production requires an improved distribution 
network, as opposed to high-voltage transmission lines; likewise, electric 
vehicles and bioenergy supply chains require new infrastructure.

Proposal #12: Build enabling infrastructure such as transmission grids, 
interconnectors and electric vehicle charging stations.

Grid infrastructure is key for supplying power from remote renewable 
energy resources to population centres. The Scandinavian Nord Pool 
power exchange is a best-practice example of how interconnection can 
help renewables. Power pools are market systems which complement 
physical interconnectors. If Denmark needs more power, it can look on the 
exchange for the cheapest producer that can ramp up production within 
the next 30 minutes – and that entity may be in Finland, a country with 
which Denmark shares no physical border. That flexibility is key as Den-
mark expands its use of wind energy. Likewise, Germany and Austria are 
now both closely intermeshed on the Phelix power exchange, and ELIX 
adds France and Switzerland to that pool.

In many European countries, transmission grid extension and reinforce-
ment requires long administrative authorisation processes. Similarly, the 
UK lacks clear planning measures to support distributed electricity. As 
the share of renewable power continues to rise, sufficient power planning 
must ensure that intermittency is balanced through improved flexibility 
in generation, transmission and distribution planning, demand-side man-
agement and smart grids.

Infrastructure also includes the supply of biomass. The analysis showed 
that bioenergy demand would more than double between today and 
2030, and international bioenergy trade could be 20-35% of total global 
biomass demand if all REmap Options are implemented. This will require 
substantial investment in logistics, road infrastructure to access residues 
and forest biomass resources, higher efficiency agriculture, the supply of 
fertilisers and other productivity-enhancing resources, and the efficient 
transport of its products to markets. Increased agricultural productivity 
could contribute to the use of less resources for the production of the 

same amount of food. Higher yields may reduce land expansion for food 
production and make available resources for energy crops in a world with 
rising food demand.

Electric vehicles require recharging infrastructure. Such infrastructure 
is currently being rolled out in various countries. Governments have to 
ensure uniformity of connectors and geographic spread as to facilitate 
acceptance.

Proposal #13: Facilitate sustainable biomass supply and consider the nexus 
in the development of renewable energy strategies and policies, notably 
land, energy, water, agriculture, trade and infrastructure.

Bioenergy trading (biofuel and solid biomass) has already grown im-
mensely since 2000, driven in part by the EU’s renewable energy targets 
and increasing demand from East Asian countries. If the security of 
feedstock supply is ignored, the biomass sector will not take off. Explora-
tion of primary biomass imposes a burden on land and water resources. 
These resources are also required for food and feed production, and this 
demand will continue to increase along with population and economic 
growth. The use of agricultural residues can limit land expansion for bio-
mass growth, but high removal rates could limit soil fertility and result in 
further environmental impacts.

Given these concerns, biomass needs to be sourced sustainably and uti-
lised effectively. The incentives in an integrated policy framework need 
to target the sustainable use of forest resources and to limit the use of 
resources also required for food production. Innovation is also key for 
improving crop yields and cost reductions as well as for the development 
of less resource-intensive bioenergy commodities. As for bioenergy, other 
renewable energy policies do not stand on their own. The analysis has 
shown the importance of simultaneously improving energy access and 
energy efficiency in order to attain the objective for renewables. At the 
same time, renewable energy expansion needs to take place in a sustain-
able way, so deployment has to be undertaken in a holistic manner that 
takes into account the overall context, including the use of land and water. 
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In fact, under specific circumstances, some renewable energy technolo-
gies, in particular PV and wind, offer significant comparative advantages 
over conventional fossil-fuel based generation in terms of impact on re-
sources (water and land) when seen from a qualitative and a quantitative 
perspective. These factors should be taken into account by governments 
in developing national energy sector strategies.

Proposal #14: Develop markets for affordable and reliable equipment for 
modern energy access.

Achieving modern energy access to substitute traditional biomass use for 
cooking as proposed by REmap 2030 represents another challenge. The 
priority to overcome this challenge is to establish a global market struc-
ture for the sales of cook stoves and fuels. Efficient cook-stove technolo-
gies which can use a range of fuel options need to be developed which 
also fulfil international standards and quality controls. Biogas, liquid bio-
fuels and renewable electricity all can play a role but need economies of 
scale to be affordable and sustainable in economic and technical terms.

6.3.4 Creating and managing knowledge

Proposal #15: Build a strong, publicly accessible knowledge base on renew-
able energy technology costs, resource potential and technology options.

While a great interest exists to invest in renewable energy projects, reli-
able information about renewable energy technologies remains scarce. 
Existing technologies are developing fast and innovation leads to the 
development of new technologies. At the same time, new capacity is 
being rapidly added in different countries. Given the rapidity with which 
the sector is evolving, the debate on renewables is all too often fuelled 
by misconceptions and inaccurate data (e.g. installed capacity, costs, 
efficiency, etc.). This calls for greater efforts are needed to improve the 
knowledge base.

Credible plans take resource assessments, costs, energy demand data and 
other factors into account. Banks require even more detailed resource 

assessments. Governments need to understand the quality of project pro-
posals, the track record of project developers and the key issues related 
to the technology solutions proposed. Legal and regulatory best practices 
must be understood, for example for power purchase agreements.

Proposal #16: Expand project development knowledge for bankable project 
proposals.

Many developing countries lack the capacity to develop bankable project 
proposals, which reduces deployment and raises project cost. In Germany, 
reliable feed-in tariffs mean that solar investors can pick up a two-page 
form to apply for a loan from their local savings bank. The national develop-
ment bank KfW backs the loan, with the local bank serving as the conduit. 
Similar programmes exist, for example, in Brazil through the Brazilian De-
velopment Bank (BNDES). Countries that reduce risk and facilitate financ-
ing have seen a much stronger uptake of renewable energy than those 
relying on market forces which raise transaction costs for renewables.

In order to prepare bankable project proposals, the phases of project 
development such as timeline and steps, estimating finance needs and 
understanding the communication and co-ordination structure need to 
be better understood by investors, financers and governments. A better 
understanding supported by case studies and best practices will help 
project developers in the successful implementation of renewable energy 
technology projects and will help reduce costs and chances of failure.

Proposal #17: Collect and report best-practice information on technology 
and policies.

Governments, investors and other stakeholders need to be aware of the 
latest information on best practices in renewable energy technologies and 
policies. This will help to set technology benchmarks, enhance improve-
ments in the deployment and implementation of the renewable energy 
technologies and also contribute to the evaluation and adaptation of ex-
isting policies. Sharing best practices and learning from each other also 
creates opportunities for international co-operation.
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Proposal #18: Establish and improve programmes to increase awareness 
and strengthen the capacity of manufacturers, installers and users.
Societal acceptance and global awareness of renewable energy options 
will create increased focus and pressure on outside actors to push for the 
systematic integration of renewables. Societal and political will, nurtured 
by international co-operation and facilitation, can create an environment 
in which the mistakes and successes of all contribute to building a strong-
er, cleaner future for all. IRENA has proposed a multi-stakeholder global 
coalition for a concerted and innovative effort to develop clear messaging 
to improve social acceptance of renewable energy.

Training in renewable energy equipment use is an important issue, in part 
to increase awareness of renewable energy technologies. After imple-
mentation, people often need to be trained to use devices. The success of 
solar hot water and cook stoves has been slower than necessary because 
this education step was sometimes overlooked.

In the building sector, consumers do not know which heating systems are 
the best and which financial incentives are offered. In South Africa and 
India, where solar water heater targets exist, the lack of awareness is the 
biggest challenge in renewable energy deployment for heating.

Quality control matters for small and large projects. For example, solar 
PV projects in India using identical equipment in the same location show 
up to 20% difference in performance because of the design and instal-
lation quality. Deployment of international standards and guidelines can 
facilitate markets and help to maintain quality.

Proposal #19: Design renewable energy technologies from the point of view 
of product and service life-cycle environmental and sustainability impacts.

Introducing new technologies to the market has both environmental and 
societal impacts. The sustainability of existing and emerging renewable 
energy technologies requires assessment and comparison among other 
renewable energy technologies as well as with their conventional equiva-
lents. For example, depending on feedstock type, land use and region, 

the greenhouse gas emission performance of conventional biofuels var-
ies substantially, raising questions about their sustainability. End-of-life 
treatment of solar PV modules and the related impacts is another focus 
of discussions about sustainability. Sustainability is a multi-dimensional 
concept, and assessments of technologies therefore should incorporate 
indicators that deal with both socio-economic as well as environmental 
and resource impacts of technologies.

6.3.5 Unleashing innovation

Proposal #20: Develop targeted policies that support the technology life cycle.

Innovation requires more than basic research and contribution to the 
further development of breakthrough technologies. A more intense focus 
on the adaptation of mature technologies to specific environment condi-
tions, guarantees for further innovation in the long term and improved 
energy efficiency are also highly recommended. Examples include high-
altitude wind turbines, smart grids and heat pumps using natural refriger-
ants (hydrocarbons, carbon dioxide, etc.).

Co-ordination between the domains of energy policy, industrial policy 
and research and development is fundamental to enable an effective re-
newable energy technology innovation policy. In addition to this require-
ment, specific policies have to be tailored to country requirements and 
customised for the technologies of interest.

The capacity of innovation in renewable energy technology varies widely 
according to a number of regional, national and sub-national factors 
(IRENA, 2014k). Innovation can be the result of an efficient combination 
of these factors; hence, every country has innovation potential, but op-
portunities will differ. Three main innovation modes can be defined based 
on the different country contexts: 1) adaption, 2) commercial scale-up and 
3) technology venture. Countries need to identify their innovation mode 
in order to adopt the best-suited instruments.

IRENA promotes strategies for effective and efficient innovation in renew-
able energy technology deployment as an incremental approach to reach 
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and exceed the target of doubling the share of renewables in the global 
energy mix by 2030. The policy instruments to be applied depend on 
technology maturity, cost and risk. Figure 6.2 is a toolbox of instruments 
that map policy functions within the technology maturity space. It illus-
trates the relationship between different stages of technological develop-
ment and the policy objectives needed to support renewable energy up-
take, with a focus on three main areas: competency building, knowledge 
creation and diffusion, and deployment. Within the three areas outlined, a 
range of enabling policy actions and instruments should be implemented. 
Doubling the share of renewable energy by 
2030 will require a context-specific mix of 
policy interventions, including innovation, 
deployment and other complementary poli-
cies, to ensure fulfilment of the REmap Op-
tions that have been identified.

A strong and stable political commitment 
towards the promotion of innovation in 
the energy sector is indispensable in tran-
sitioning to a suitable energy regime and 
transforming an energy matrix at a national 
level. Policies that support the complete 
technology life cycle, from basic research 
to commercialisation, should be co-ordi-
nated. Local manufacturing of equipment 
and technology should be promoted. The 
REmap Options are built upon existing re-
newable energy technology achievements, 
and IRENA encourages governments to im-
plement these options in their energy plans 
and programmes.

In spite of the tremendous existing poten-
tial to carry out REmap Options and glob-
ally double the share of renewable energy 
by 2030, these options are technologically 

constrained to the emerging and mature technological applications 
now known. Going beyond this scientific and technological knowledge 
to surpass the doubling of the renewable energy share is possible 
only with novel renewable energy technology solutions and applica-
tions. IRENA calls for the support of governments to boost these new 
solutions, stimulate innovation and research and make a higher share 
of renewable energy technology possible worldwide. Governments 
should also facilitate implementation of pilot and demonstration plants 
to bridge the gap between R&D and commercialisation.

Figure 6.2 Guide for policies in the technology life cycle

Increased Technology Maturity   
Increased Commercial Adoption   

Creating and Sharing New Knowledge  
RE resource assessment dissemination, subsidies and incentives for new research, contests and prizes, intellectual property 

protection and enforcement measures  

Building Competence and Human Capital  
 Subsidies and incentives for education and training, fellowships, scholarships, visas for advanced degree candidates  

Knowledge Di�usion / Creating Collaborative Networks  
Joining or initiating international cooperation, supporting industry associations, intellectual property protection and enforcement 

measures that provide confidence for network participants  

Developing Infrastructure  
Public-private partnerships, incentivising private development, planning for public 

development, investment in public infrastructure 

Providing Finance  
Loan guarantees, ‘green’ banks, public venture capital-style funds  

Basic Science 
and R&D  Applied R&D Demonstration Market 

Development 
Commercial 
Deployment 

Establishing Governance and the Regulatory Environment  
Setting standards, setting targets, taxing negative externalities, subsidising positive 

externalities, eco-labeling and other voluntary approaches, tradable permits  

Creating Markets  
Feed-in tari s, energy portfolio standards, public 

procurement, media campaigns, setting government 
requirements, taxing negative externalities, subsidising 

positive externalities 
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Proposal #21: Review energy applications of high relevance and low renew-
able energy potential and develop programmes to fill the gap with new 
technology.

The REmap Options, in combination with efficiency and access, can result 
in a doubling of the global renewable energy share by 2030 if there is 
rapid growth in a number of technology areas. This growth is uncertain. 
There are still some areas where no significant renewables potential has 
been identified so far (such as steel making, shipping and aviation). More-
over, higher shares of renewables will be needed after 2030. Therefore, it 
is important that policies should not only focus on the market develop-
ment and commercial diffusion side of the technology life cycle, but also 
consider basic research, applied R&D and demonstration.

6.4 International co-operation

REmap analysis clearly underlines the necessity for national actions and 
international co-operation to support the transition to a doubling of the 
share of renewables in the global energy mix by 2030. International co-
operation is essential to foster innovation in renewable energy technology 
and markets. It is of paramount importance in developing successful and 
goal-oriented science, technology and innovation programmes. Interna-
tional co-operation also creates a platform where experiences and best 
practices in renewable energy technology innovation are shared and 
transferred across countries.

Based on the national policy action areas, this chapter discusses the 
opportunities and potential areas of greater international co-operation 
across governments, and highlights the role that IRENA can play, as the 
recognised hub for renewable energy, to further facilitate the transition.

6.4.1 International co-operation for deployment at scale

As national policy makers work to ensure that the right policies and fi-
nancing are in place, that markets are stimulated and accessible, and that 
technological innovation is nurtured, countries are increasingly exploring 

new modalities of international co-operation to find sustainable energy 
solutions to meet their growing energy needs without negatively affect-
ing the climate system. This co-operation is critical to attain the goals of 
REmap 2030.

REmap 2030 analysis shows that development and deployment of renew-
able energy technologies cannot be contained within national borders. 
The deployment of renewable energy technologies in one country will 
have an impact – through energy prices, technology learning, externali-
ties and finance flows, for example – on the deployment of renewables 
elsewhere. At the same time, renewable energy technologies are products 
in themselves; they use resources, components and manufacturing capa-
bilities contributed by multiple countries.

International co-operation is therefore vital to advance the deployment 
of renewables and ensure that countries meet their energy needs while 
reaping the benefits of sustainable solutions that renewable energy pro-
vides. While this co-operation may take many forms, priority must be 
placed on those areas where the impact of such co-operation would be 
the greatest.

The first national policy action area focuses on planning transition 
pathways. Planning is the first step towards increasing the deployment 
of renewable energy use. The comparison of the 26 REmap countries 
showed that the existing policy frameworks vary widely and there are 
large gaps in the policy frameworks between some of them. International 
co-operation can play a role in strengthening national renewable 
energy plans, both in the REmap countries and beyond. Specific areas 
of co-operation include best-practice analysis and documentation 
of conducive and credible policy frameworks, including streamlined 
planning frameworks, targets and deployment policies. Sharing input 
from research institutions and other international knowledge hubs in 
the creation of national renewable energy plans can help. Co-operation 
is particularly interesting for countries which are in the same region, 
as there could be similarities across resource availability and economic 
development. A better understanding of the base case will need to 
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be supported by internationally harmonised renewable energy data 
collected from countries.

To support international co-operation on planning transition pathways:

 ● IRENA is working with countries and regions to help reflect the re-
newable energy potential in long-term regional and national energy 
master plans.

 ● Given already the high attention from policy makers to the power sec-
tor and its increasing importance for renewable energy deployment, 
IRENA is also working with energy planning models which focus on 
national, regional and international level developments to gain more 
insight into policy-relevant information for countries and international 
co-operation.

 ● IRENA is also conducting an analysis of policy status and trends of 
countries based on standardised information which could be the basis 
for best-practice exchange as well as international discussions and 
co-operation.

The second area of national policy action is creating an enabling business 
environment. Only a few countries have developed long-term credible 
and predictable policy frameworks which create an enabling environ-
ment for renewable energy investments. Countries at an early stage of 
development and/or deployment can learn from other countries’ planning 
frameworks and deployment policies. Regional co-ordination of policy 
initiatives, along with ensuring that trade in both resources and experi-
ence grows along with renewable energy markets, can help to attain the 
necessary economies of scale.

Energy pricing strategies often show similarity across countries within 
the same region, explained in part by resource availability. A better 
understanding of the energy pricing structure and market conditions is 
necessary to eliminate the risks related to the costs of financing as well 
as to develop international strategies for fading out fossil fuel subsidies. 
Deployment at a scale that would affect both the cost of technologies 
and stimulate private investment requires cross-border and regional co-

operation. Despite the existence of funds invested in renewables, there is 
a significant lack of investment in cross-border and regional initiatives. 
For example, development banks invested a total of USD 60 billion in 
renewable energy in 2012 – more than half of their total investments in 
clean energy – but the bulk of this came from regional or national banks 
investing in national projects. Less than USD 10 billion represented North-
South or South-South investments in renewables (BNEF, 2013).

Combustion of fossil fuels happens at a local scale, but greenhouse gas 
emissions and human health problems related to the use of fossil fuels 
result in international problems. Therefore, they require internationally 
agreed approaches, in part to endogenise these externalities in the price 
of conventional fuels.

Quality assurance and standardisation are critical for sustainable, long-
lasting and safe equipment. Most policies aim to increase the use of local 
equipment and resources, but trade of renewable energy commodities 
will still increase. Furthermore, new renewable energy markets will accel-
erate global investments for renewable energy equipment manufacture.

To support international co-operation on creating an enabling business 
environment:

 ● IRENA is working with Middle East and North Africa (MENA) countries 
to understand different energy pricing structure and policies. IRENA is 
also supporting regional initiatives in Africa, Central America, Central 
and South Asia, Southeast Europe and the MENA region to create 
regional Clean Energy Corridors, intended to utilise the potential of 
abundant renewable energy sources to meet growing energy needs 
and increase access to modern energy services.

 ● IRENA is also deploying its tool of Project Navigator to help devel-
opers access financing for bankable projects with countries, finance 
organisations and the private sector.

 ● Another field of international co-operation is IRENA’s support to re-
gional initiatives to operationalise standards and quality-assurance 
mechanisms together with regional technical institutes.
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The third area of national policy action is managing knowledge of tech-
nology options and their deployment. Reliable data and information are 
key to improve the knowledge base for national, regional and internation-
al actors in the field, which include governments, investors, industry and 
the public. To support international co-operation on managing knowledge 
of technology options and their deployment:

 ● IRENA has initiated the work aiming to build and consolidate public 
support for renewables, and the Renewable Costing Alliance, which 
compiles information on real-life project costs, is intended to strength-
en this effort.

 ● Through the Global Renewable Energy Atlas, which provides resource-
assessment data, IRENA is working closely with countries to collect the 
most complete and up-to-date renewable energy data to develop a 
global renewable energy statistics database. Such data is the foundation 
of all analytical work required to support governments on discussions 
and co-operation at the national, regional and international levels,

 ● IRENA is also working on understanding the changes in environmental 
impacts from reduced fossil fuel use, but also related to the impacts of 
different renewable energy technologies.

The fourth group of national action items is ensuring smooth integration 
of renewables into the existing infrastructure. Electricity grid intercon-
nectors exemplify the benefits of international co-operation, with both 
exporting and importing countries benefitting from increased renewable 
energy use. IRENA analysis (IRENA, 2013k,m) highlights the importance 
of interconnectors in the African context to spread the benefits of large 
renewable-resource potential in different regions of the continent. Trade 
in renewable power could account for 15-20% of the power supply in West 
Africa and Southern Africa, the analysis shows. Electricity exports from 
the Grand Inga project in the Democratic Republic of the Congo alone 
could reduce average regional power generation costs in the Southern 
African power pool by nearly 10% in 2030.

Bioenergy trade is also important. Based on the REmap analysis, in-
ternational bioenergy trade could account for 20-35% of total bioen-

ergy  demand in 2030. The economic value of global biomass trade 
flows would be in the range of USD 100-400 billion. This trade poses a 
 significant business opportunity, but it requires a widely applied, uniform 
framework to ensure sustainability and the development of the necessary 
logistical infrastructure.

Sustainable management of the water, energy and land nexus is a major 
aspect of international discussions because these resources are traded 
and shared, often as embedded inputs, internationally and the drivers 
behind their growth, such as population growth, urbanisation or climate 
change, are all interconnected and related to economic developments 
worldwide. To support international co-operation on ensuring smooth 
integration of renewables into the existing infrastructure:

 ● IRENA is developing a grid-stability assessment methodology for 
different regions and countries to determine how their power grids 
can be transformed to accommodate an increasing share of variable 
renewables.

 ● IRENA is undertaking efforts to bridge the knowledge gap on the role 
of renewable energy in the water, energy and land nexus by develop-
ing quantitative analysis focusing on the impacts of renewable energy 
on the different elements of the nexus.

The fifth area of national policy action is unleashing innovation. Research 
and development in technology is international. Furthermore, technology 
development benefits largely from regional and international strategies 
and co-operation. Networking of research centres, knowledge transfer 
and sharing of best practices will help to improve the efficiency of exist-
ing technologies and also to develop breakthroughs, as identified in this 
study, to go beyond doubling.

To support international co-operation on unleashing innovation, IRENA is 
mapping the gaps and benefits for collaborative RD&D on technologies 
and in regions for enhanced innovation through international co-opera-
tion and streamlined national and regional RD&D plans.
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6.4.2 IRENA as the SE4ALL renewable energy hub
As the only global intergovernmental organisation dedicated solely 
to renewable energy, IRENA is uniquely positioned to advance the 
aspirational goal of doubling the share of renewables in the global energy 
mix (Roehrkasten and Westphal, 2013). The SE4ALL initiative, launched 
in early 2012, aims to influence the global debate and promote renewable 
energy through public-private partnerships through the SE4ALL network. 
IRENA has been entrusted with the role of SE4ALL’s Hub for Renewable 
Energy.

IRENA will engage with those who have made specific commitments 
to renewable energy, both within the initiative and in the context of 
different SE4ALL High Impact Opportunities, on issues related to its 
own programmes, such as studies on islands, cities, off-grid lighting and 
the water-energy-land nexus. Close co-operation with other SE4ALL 
hubs, as well as with the Global Facilitation Team, will be central to this 
role. IRENA will work closely with regional banks to ensure synergies 
and complementarity of effort with IRENA’s activities in each region.

A formal framework of co-operation will be established with the World 
Bank, an SE4ALL Knowledge Hub, to leverage respective strengths in the 
area of renewables. In partnership with the SE4ALL Energy Efficiency 
Hub in Denmark, IRENA will promote the necessary and inseparable link 
between renewables and energy efficiency. Another important area of 
future work, which this roadmap exercise has highlighted, is to pursue a 
more detailed assessment of the potential of sustainable biomass.

Over the course of 2014/15, IRENA will create REmap Action Teams, 
bringing together interested countries and other stakeholders to work 
together under the REmap 2030 umbrella on specific issues, such as 
transportation, joint strategies for renewables and energy efficiency, and 
other areas that could have a transformative impact on the deployment 
of renewables. IRENA will also expand the range and scope of its 
technological, geographic and topical work to provide a sound knowledge 
base for efforts to provide sustainable energy for all.

Another way that IRENA will expand its work is to engage in deeper 
analysis for the 26 countries encompassed by REmap studies to date, 
as well as to broaden the scope of countries included in this global 
roadmap exercise. In doing so, it is hoped, we can advance IRENA’s 
mandate – adopted by founding members in 2009 and embraced by 
over 160 participating countries to date – to promote the widespread and 
increased adoption and sustainable use of all forms of renewable energy 
to ensure a sustainable energy future for future generations.

6.5 Next steps

This roadmap shows how a doubling of the global renewable energy 
share can be achieved by 2030. This is the first global study to provide 
renewable energy options based on the bottom-up analysis of 26 coun-
tries which account for three-quarters of the projected global energy 
demand. In addition to the power sector, the study encompasses de-
velopments and potential in end-use sectors, which often are not dealt 
with in detail.

The starting point of this study is, to the extent possible, the official 
national sources. This roadmap showed the realisable potential of renew-
able energy technologies beyond the Reference Case – the REmap Op-
tions – in 2030 at the country and sector levels as well as their costs. The 
study concludes that a doubling of the global renewable energy share is 
possible at negligible additional costs. When socio-economic benefits are 
included, the result is a net savings.

As represented by RE+ Options, doubling the renewable energy share by 
2030 is not an end point. More needs to be done and is possible. This re-
quires greater efforts, however, through modal shifts and early retirement 
and more innovation in breakthrough technologies. Going from R&D to 
significant deployment can take some decades, so action to develop and 
commercialise these options must be taken now.
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The results of this roadmap show that there are opportunities for renewa-
bles everywhere and every region has a role to play.

This study is a living document. In order to assess this additional potential 
and to account for the developments in countries, this study will be up-
dated continuously as part of IRENA’s 2014/15 Work Programme. This will 
be done in dialogue with countries as national plans are updated and as 
new technology cost and performance information is available. By doing 
so, REmap 2030 will continue to provide guidance to countries based 
on the most up-to-date information about the possible pathways, 
technology and policy options for doubling the global renew-
able energy share and going beyond.

Country analysis will also be expanded to include other 
energy users, in particular from regions where the 
coverage of this study was limited, such as the 
countries in Africa or Latin America. To comple-
ment country analysis, IRENA is already carrying 
out assessments at the regional level, such as 
for South Asia, and will continue with similar 
assessments for other regions.

Alongside the REmap 2030 analysis, IRENA 
will develop country action plans for the 
implementation and application of REmap 
Options. IRENA will organise REmap Action 
Teams to translate the national policy sug-
gestions into an action agenda for transport 
sector and energy efficiency activities, and 
provide guidance to the High Impact Oppor-
tunities under the SE4ALL initiative.

By the end of 2015, the outcome will be a 
more comprehensive and acknowledged road-
map on options and action required for dou-
bling the share of renewable energy in the fifteen 

years to 2030. It will also monitor the progress achieved globally and in 
the REmap countries between 2010 and 2015, and will provide compari-
sons with the technology development trends estimated in this roadmap.

REmap 2030  155



ACEEE (American Council for an Energy-Efficient Economy) (2013), “New 
Hybrid Car Scores First Place on Greenest Vehicle List”, 16 January 2013, 
ACEEE, Washington, DC, www.aceee.org/press/2013/01/new-hybrid-car-
scores-first-place-gr.

ACEEE (2014), “Greenercars.org Releases 2014 Environmental Scores: 
Smart for Two Drive Tops Greenest Vehicles List”, 28 January 2013, 
ACEEE, Washington, DC, www.aceee.org/press/2014/01/greenercarsorg-
releases-2014-environ.

AEA Technology Environment (2005), “Damages per Tonne Emissions of 
PM2.5, NH3, SO2, NOx and VOCs from Each EU25 Member State (Excluding 
Cyprus) and Surrounding Seas”, AEA Technology Environment, Didcot, 
www.doc88.com/p-476118345143.html.

AEE-Intec (Institute for Sustainable Technologies) (2007-2013), “Solar 
Heat Worldwide 2007-2013”, Annual Reports, AEE-Intec, Gleisdorf, www.
aee-intec.at/index.php?seitenId=40&lang=en.

Arason, S. (2003), “The Drying of Fish and Utilization of Geothermal 
Energy: The Icelandic Experience”, International Geothermal Conference 
paper, Session #8, December 2013, Reykjavik, http://geoheat.oit.edu/ 
bulletin/bull24-4/art7.pdf.

Avantium (2014), “PEF Bottles”, Avantium, Amsterdam, http://avantium.
com/yxy/products-applications/fdca/PEF-bottles.html.

Banerjee, R., et al. (2012), “Chapter 8 – Energy End Use: Industry”, in 
Global Energy Assessment: Toward a Sustainable Future, Cambridge Uni-
versity Press, Cambridge and New York, and IIASA (International Institute 
for Applied Systems Analysis), Laxenburg, www.iiasa.ac.at/web/home/
research/Flagship-Projects/Global-Energy-Assessment/GEA_Chapter8_
industry_lowres.pdf.

BDEW (Bundesverband der Energie- und Wasserwirtschaft e.V.) (2013), 
“BDEW Roadmap: Realistic Steps for the Implementation of Smart Grids 
in Germany”, 11 February 2013, BDEW, Berlin, www.bdew.de/internet.
nsf/id/816417E68269AECEC1257A1E0045E51C/$file/Endversion_BDEW-
Roadmap_englisch.pdf.

Bimesdoerfer, K., C. Kantz and J.R. Siegel (2011), Killing Two Birds with 
One Stone: Driving Green Jobs through Creating a Rural Renewable En-
ergy Systems Industry, a Green Economy and Sustainable Development: 
Bringing Back the Social Dimension conference paper, 10-11 October 2011, 
UNRISD (United Nations Research Institute for Social Development), 
Geneva.

BioDME (2013), “BioDME Final Report of the European BioDME Pro-
ject”, 5th International DME conference paper, 18 April 2013, Ann Arbor, 
Michigan, www.biodme.eu/wp/wp-content/uploads/DME5_BioDME_ 
Salomonsson.pdf.

BNEF (Bloomberg New Energy Finance) (2013), “Development Banks – 
Breaking the $100bn-a-year Barrier”, 10 September 2013, BNEF, London, 
www.bnef.com/InsightDownload/8414/pdf/.

Böll Foundation (2012-2014), “Energy Transition – The German Ener-
giewende”, http://energytransition.de/.

Böll Foundation (2013b), “Citizens Own Half of German Renewable En-
ergy”, 29 October 2013, http://energytransition.de/2013/10/citizens-own-
half-of-german-renewables/.

Boshell, F. (2006), “Production of Large Wind Turbines in Latin America 
for Local Conditions”, MSc. Thesis, August 2006, Eindhoven Univer-
sity of Technology, Eindhoven, www.lr.tudelft.nl/fileadmin/Faculteit/LR/
Organisatie/Afdelingen_en_Leerstoelen/Afdeling_AEWE/Wind_Energy/

REFERENCES

REmap 2030  156

http://www.aceee.org/press/2013/01/new-hybrid-car-scores-first-place-gr
http://www.aceee.org/press/2013/01/new-hybrid-car-scores-first-place-gr
http://www.aceee.org/press/2014/01/greenercarsorg-releases-2014-environ
http://www.aceee.org/press/2014/01/greenercarsorg-releases-2014-environ
http://www.doc88.com/p-476118345143.html
http://www.aee-intec.at/index.php?seitenId=40&lang=en
http://www.aee-intec.at/index.php?seitenId=40&lang=en
http://geoheat.oit.edu/bulletin/bull24-4/art7.pdf
http://geoheat.oit.edu/bulletin/bull24-4/art7.pdf
http://avantium.com/yxy/products-applications/fdca/PEF-bottles.html
http://avantium.com/yxy/products-applications/fdca/PEF-bottles.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/GEA_Chapter8_industry_lowres.pdf
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/GEA_Chapter8_industry_lowres.pdf
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/GEA_Chapter8_industry_lowres.pdf
http://www.bdew.de/internet.nsf/id/816417E68269AECEC1257A1E0045E51C/$file/Endversion_BDEW-Roadmap_englisch.pdf
http://www.bdew.de/internet.nsf/id/816417E68269AECEC1257A1E0045E51C/$file/Endversion_BDEW-Roadmap_englisch.pdf
http://www.bdew.de/internet.nsf/id/816417E68269AECEC1257A1E0045E51C/$file/Endversion_BDEW-Roadmap_englisch.pdf
http://www.biodme.eu/wp/wp-content/uploads/DME5_BioDME_Salomonsson.pdf
http://www.biodme.eu/wp/wp-content/uploads/DME5_BioDME_Salomonsson.pdf
http://www.bnef.com/InsightDownload/8414/pdf
http://energytransition.de
http://energytransition.de/2013/10/citizens-own-half-of-german-renewables
http://energytransition.de/2013/10/citizens-own-half-of-german-renewables
http://www.lr.tudelft.nl/fileadmin/Faculteit/LR/Organisatie/Afdelingen_en_Leerstoelen/Afdeling_AEWE/Wind_Energy/Education/Masters_Projects/Finished_Master_projects/doc/Francisco_Boshell_r.pdf
http://www.lr.tudelft.nl/fileadmin/Faculteit/LR/Organisatie/Afdelingen_en_Leerstoelen/Afdeling_AEWE/Wind_Energy/Education/Masters_Projects/Finished_Master_projects/doc/Francisco_Boshell_r.pdf


Education/Masters_Projects/Finished_Master_projects/doc/Francisco_
Boshell_r.pdf.

Bosman, R., et al. (2013), “Energielente op komst? De (on)macht van 
bottom-up en top-down in de energietransitie” (Energy Spring com-
ing? The power (lessness) of bottom-up and top-down in the energy 
transition), DRIFT (Dutch Research Institute for Transitions) essay nr. 
E 2013.02, 11 October 2013, DRIFT, Rotterdam, www.drift.eur.nl/wp-
content/uploads/2013/10/Energielente-op-Komst-Bosman-et-al-DRIFT-
essay-2013.02-printversie1.pdf.

BP (2012), “BP Energy Outlook 2030”, January 2013, BP, London, 
www.bp.com/content/dam/bp/pdf/statistical-review/BP_World_Energy_ 
Outlook_booklet_2013.pdf.

Carbon Trust (2008), “Offshore Wind Power: Big Challenge, Big Op-
portunity – Maximising the Environmental, Economic and Security Ben-
efits”, October 2008, Carbon Trust, London, www.carbontrust.com/ 
media/42162/ctc743-offshore-wind-power.pdf.

Chabot, B. (2013), “A Case Study of Harnessing Generous Natural Re-
newable Resources Available Along Hours, Days and Seasons: Wind 
Power Production in Germany in 2012”, 9 April 2013, Renewables Inter-
national, www.renewablesinternational.net/files/smfiledata/2/2/4/5/4/4/
V1WindG2012.pdf.

Chinyama, M.P.M. (2011), “Alternative Fuels in Cement Manufacturing”, in 
M. Manzanera (ed.), Alternative Fuel, 9 August 2011, InTech, Rijeka, http://
cdn.intechopen.com/pdfs-wm/17593.pdf.

Chiras, D.D. (2002), The Solar House: Passive Heating and Cooling, Chel-
sea Green Publishing, White River Junction.

CleanTechnica (2013a), “World’s Largest (4GW) Solar Project Planned for 
India”, 24 September 2013, http://cleantechnica.com/2013/09/24/worlds-
largest-4gw-solar-project-planned-india/.

CleanTechnica (2013b), “Solar Power Record in Germany – 22.68 GW”, 16 
April 2013, http://cleantechnica.com/2013/04/16/solar-power-record-in-
germany-22-68-gw-infographic/.

CSI (Cement Sustainability Initiative) (2009), “Development of State of 
the Art-Techniques in Cement Manufacturing: Trying to Look Ahead”, CSI/
ECRA-Technology Papers, 4 June 2009, WBCSD (World Business Council 
for Sustainable Development), Düsseldorf/Geneva, www.wbcsdcement.
org/pdf/technology/Technology%20papers.pdf.

Dargay, J., D. Gately and M. Sommer (2007), “Vehicle Ownership and 
Income Growth, Worldwide: 1960-2030”, Energy Journal, Vol. 28, No. 4, 
pp. 143-170.

DENA (German Energy Agency) (2011), “Dena Grid Study II: Integration 
of Renewable Energy Sources in the German Power Supply System from 
2015 – 2020 with an Outlook to 2025”, November 2010, DENA, Berlin, 
www.dena.de/fileadmin/user_upload/Projekte/Erneuerbare/Dokumente/
dena_Grid_Study_II_-_final_report.pdf.

DG/ENER (European Commission Directorate-General for Energy) (2013), 
“The Future Role and Challenges of Energy Storage”, DG/ENER, Brus-
sels, http://ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/ 
energy_storage.pdf.

DHC Platform (2012), “District Heating and Cooling: A Vision towards 
2020-2030-2050”, May 2009, DHC+  Technology Platform, Brussels, 
www.dhcplus.eu/wp-content/uploads/2012/02/vision-dhc.pdf.

Die Zeit (2013), “Die Wärme bleibt im Dorf” (The heat stays in the village), 
Die Zeit, No. 44, www.zeit.de/2013/44/enklave-buesingen- solarthermie.

REmap 2030  157

http://www.lr.tudelft.nl/fileadmin/Faculteit/LR/Organisatie/Afdelingen_en_Leerstoelen/Afdeling_AEWE/Wind_Energy/Education/Masters_Projects/Finished_Master_projects/doc/Francisco_Boshell_r.pdf
http://www.lr.tudelft.nl/fileadmin/Faculteit/LR/Organisatie/Afdelingen_en_Leerstoelen/Afdeling_AEWE/Wind_Energy/Education/Masters_Projects/Finished_Master_projects/doc/Francisco_Boshell_r.pdf
http://www.drift.eur.nl/wp-content/uploads/2013/10/Energielente-op-Komst-Bosman-et-al-DRIFT-essay-2013.02-printversie1.pdf
http://www.drift.eur.nl/wp-content/uploads/2013/10/Energielente-op-Komst-Bosman-et-al-DRIFT-essay-2013.02-printversie1.pdf
http://www.drift.eur.nl/wp-content/uploads/2013/10/Energielente-op-Komst-Bosman-et-al-DRIFT-essay-2013.02-printversie1.pdf
http://www.bp.com/content/dam/bp/pdf/statistical-review/BP_World_Energy_Outlook_booklet_2013.pdf
http://www.bp.com/content/dam/bp/pdf/statistical-review/BP_World_Energy_Outlook_booklet_2013.pdf
http://www.carbontrust.com/media/42162/ctc743-offshore-wind-power.pdf
http://www.carbontrust.com/media/42162/ctc743-offshore-wind-power.pdf
http://www.renewablesinternational.net/files/smfiledata/2/2/4/5/4/4/V1WindG2012.pdf
http://www.renewablesinternational.net/files/smfiledata/2/2/4/5/4/4/V1WindG2012.pdf
http://cdn.intechopen.com/pdfs-wm/17593.pdf
http://cdn.intechopen.com/pdfs-wm/17593.pdf
http://cleantechnica.com/2013/09/24/worlds-largest-4gw-solar-project-planned-india
http://cleantechnica.com/2013/09/24/worlds-largest-4gw-solar-project-planned-india
http://cleantechnica.com/2013/04/16/solar-power-record-in-germany-22-68-gw-infographic
http://cleantechnica.com/2013/04/16/solar-power-record-in-germany-22-68-gw-infographic
http://www.wbcsdcement.org/pdf/technology/Technology%20papers.pdf
http://www.wbcsdcement.org/pdf/technology/Technology%20papers.pdf
http://www.dena.de/fileadmin/user_upload/Projekte/Erneuerbare/Dokumente/dena_Grid_Study_II_-_final_report.pdf
http://www.dena.de/fileadmin/user_upload/Projekte/Erneuerbare/Dokumente/dena_Grid_Study_II_-_final_report.pdf
http://ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf
http://ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf
http://www.dhcplus.eu/wp-content/uploads/2012/02/vision-dhc.pdf
http://www.zeit.de/2013/44/enklave-buesingen-solarthermie


DLR, IWES and IFNE (Deutsches Zentrum für Luft- und Raumfahrt, Fraun-
hofer Institut für Windenergie und Energie system technik and Ingeni-
eurbüro für neue Energien) (2012), “Langfristszenarien und Strategien 
für den Ausbau der erneuerbaren Energien in Deutschland bei Berück-
sichtigung der Entwicklung in Europa und global” (Long-term scenario 
and strategies for the development of renewable energy in Germany in 
the light of developments in Europe and globally), BMU Schlussbericht 
FKY 03MAP146, 29 March 2012, DLR/IWS/IFNE, Stuttgart/Kassel/Teltow, 
www.erneuerbare-energien.de/fileadmin/ee-import/files/pdfs/allgemein/
application/pdf/leitstudie2011_bf.pdf.

E4tech (2009), “Review of Technologies for Gasification of Biomass 
and Wastes”, June 2009, E4tech, London, http://wiki.gekgasifier.com/f/
Review +of+Biomass+Gasification+Technologies.NNFCC.Jun09.pdf.

EB (European Bioplastics) (2013), “Bioplastics Facts and Figures”, EB, 
Berlin, http://en.european-bioplastics.org/wp-content/uploads/2013/ 
publications/EuBP_FactsFigures_bioplastics_2013.pdf.

EBB (European Biodiesel Board) (2013), “Statistics”, EBB, Brussels, www.
ebb-eu.org/stats.php.

EBTP (European Biofuels Technology Platform) (2013), “Bio-SNG (Syn-
thetic Natural Gas) and Gasification Technologies”, Last updated: 17 De-
cember 2013, EBTP, Guelzow, www.biofuelstp.eu/bio-sng.html.

EC (European Commission) (2009), Directive 2009/28/EC of 23 April 
2009 on the promotion of the use of energy from renewable sources 
and amending and subsequently repealing Directives 2001/77/EC and 
2003/30/EC, L 140/16-62, EC, Brussels.

EC (2010), Directive 2010/31/EU of 10 April 2010 on the energy perfor-
mance of buildings, L 153/13-35, EC, Brussels.

EC (2012), “Connecting Europe – The Energy Infrastructure for Tomor-
row”, EC, Brussels, http://ec.europa.eu/energy/mff/facility/doc/2012/ 
connecting-europe.pdf.

EC (2013), “CORDIS, Community Research and Development Informa-
tion Service: Seventh Framework Programme (FP7)”, EC, Brussels, http://
cordis.europa.eu/fetch?CALLER=FP7_PROJ_EN&QZ_WEBSRCH=&QM_
EP_PGA_A=FP7-ENERGY&USR_SORT=EN_QVD+CHAR+DESC.

EERE (U.S. Department of Energy, Energy Efficiency and Renewable En-
ergy) (2013), “The History of Solar”, EERE, Washington, DC, www1.eere.
energy.gov/solar/pdfs/solar_timeline.pdf.

EGEC (European Geothermal Energy Council) (n.d.), “Key Issue 5: In-
novative Applications. Geothermal Utilization for Industrial Processes”, 
EGEC, Brussels, www.erec.org/fileadmin/erec_docs/Projcet_Documents/
K4_RES-H/K4RES-H_Geothermal_ProcessHeat.pdf.

Electrification Coalition (2013), “State of the Plug-in Electric Vehicle Mar-
ket”, EV Market Outlook, 25 July 2013, PricewaterhouseCoopers, www.
pwc.com/en_GX/gx/automotive/industry-publications-and-thought- 
leadership/assets/pwc-ec-state-of-pev-market-final.pdf.

Energypedia (2011), “Recent Market for PicoPV Systems”, https:// 
energypedia.info/index.php/Recent_Market_for_PicoPV_systems.

EPIA (European Photovoltaic Industry Association) (2013), “Global Mar-
ket Outlook for Photovoltaics 2013-2017”, EPIA, Brussels, www.epia.org/ 
fileadmin/user_upload/Publications/GMO_2013_-_Final_PDF.pdf.

ESTELA (European Solar Thermal Electricity Association) (2012a), 
“Solar Thermal Electricity in China in 2011 and Future Outlook”, July 
2012,  ESTELA, Brussels, www.estelasolar.eu/fileadmin/ESTELAdocs/ 
documents/ Publications/STE_in_China_By_C.Hernandez_ESTELA_
July2012_WEB.pdf.

ESTELA (2012b), “The Essential Role of Solar Thermal Electricity: A 
Real Opportunity for Europe”, October 2012, ESTELA, Brussels, www.
estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/ESTELA-
Position_Paper_FINAL_JAn2013_double_page.pdf.

ESTIF (European Solar Thermal Industry Federation) (2013), “Solar 
Thermal Markets in Europe: Trends and Market Statistics 2012”, June 
2013, ESTIF, Brussels, www.estif.org/fileadmin/estif/content/market_data/
downloads/Solar_Thermal_M%20arkets%202012.pdf.

REmap 2030  158

http://www.erneuerbare-energien.de/fileadmin/ee-import/files/pdfs/allgemein/application/pdf/leitstudie2011_bf.pdf
http://www.erneuerbare-energien.de/fileadmin/ee-import/files/pdfs/allgemein/application/pdf/leitstudie2011_bf.pdf
http://wiki.gekgasifier.com/f/Review+of+Biomass+Gasification+Technologies.NNFCC.Jun09.pdf
http://wiki.gekgasifier.com/f/Review+of+Biomass+Gasification+Technologies.NNFCC.Jun09.pdf
http://en.european-bioplastics.org/wp-content/uploads/2013/publications/EuBP_FactsFigures_bioplastics_2013.pdf
http://en.european-bioplastics.org/wp-content/uploads/2013/publications/EuBP_FactsFigures_bioplastics_2013.pdf
http://www.ebb-eu.org/stats.php
http://www.ebb-eu.org/stats.php
http://www.biofuelstp.eu/bio-sng.html
http://ec.europa.eu/energy/mff/facility/doc/2012/connecting-europe.pdf
http://ec.europa.eu/energy/mff/facility/doc/2012/connecting-europe.pdf
http://cordis.europa.eu/fetch?CALLER=FP7_PROJ_EN&QZ_WEBSRCH=&QM_EP_PGA_A=FP7-ENERGY&USR_SORT=EN_QVD+CHAR+DESC
http://cordis.europa.eu/fetch?CALLER=FP7_PROJ_EN&QZ_WEBSRCH=&QM_EP_PGA_A=FP7-ENERGY&USR_SORT=EN_QVD+CHAR+DESC
http://cordis.europa.eu/fetch?CALLER=FP7_PROJ_EN&QZ_WEBSRCH=&QM_EP_PGA_A=FP7-ENERGY&USR_SORT=EN_QVD+CHAR+DESC
http://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
http://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
http://www.erec.org/fileadmin/erec_docs/Projcet_Documents/K4_RES-H/K4RES-H_Geothermal_ProcessHeat.pdf
http://www.erec.org/fileadmin/erec_docs/Projcet_Documents/K4_RES-H/K4RES-H_Geothermal_ProcessHeat.pdf
http://www.pwc.com/en_GX/gx/automotive/industry-publications-and-thought-leadership/assets/pwc-ec-state-of-pev-market-final.pdf
http://www.pwc.com/en_GX/gx/automotive/industry-publications-and-thought-leadership/assets/pwc-ec-state-of-pev-market-final.pdf
http://www.pwc.com/en_GX/gx/automotive/industry-publications-and-thought-leadership/assets/pwc-ec-state-of-pev-market-final.pdf
http://https://energypedia.info/index.php/Recent_Market_for_PicoPV_systems
http://https://energypedia.info/index.php/Recent_Market_for_PicoPV_systems
http://www.epia.org/fileadmin/user_upload/Publications/GMO_2013_-_Final_PDF.pdf
http://www.epia.org/fileadmin/user_upload/Publications/GMO_2013_-_Final_PDF.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/STE_in_China_By_C.Hernandez_ESTELA_July2012_WEB.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/STE_in_China_By_C.Hernandez_ESTELA_July2012_WEB.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/STE_in_China_By_C.Hernandez_ESTELA_July2012_WEB.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/ESTELA-Position_Paper_FINAL_JAn2013_double_page.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/ESTELA-Position_Paper_FINAL_JAn2013_double_page.pdf
http://www.estelasolar.eu/fileadmin/ESTELAdocs/documents/Publications/ESTELA-Position_Paper_FINAL_JAn2013_double_page.pdf
http://www.estif.org/fileadmin/estif/content/market_data/downloads/Solar_Thermal_M%20arkets%202012.pdf
http://www.estif.org/fileadmin/estif/content/market_data/downloads/Solar_Thermal_M%20arkets%202012.pdf


ETH (Technical University of Zurich) Zurich (2013), “Toolbox for CO2-free 
Buildings”, 4 November 2013, www.ethz.ch/en/news-and-events/media-
information/media-releases/2013/11/toolbox-for-co2-free-buildings.html.

Euroheat & Power (2013), “District Heating and Cooling. Country by 
Country 2013 Survey”, 21 May 2013, Euroheat & Power, Brussels, www.
euroheat.org/Publications-8.aspx?PID=211&M=NewsV2&Action=1&News
Id=274.

EUWID (Europaeischer Wirtschaftsdienst) (2014), “Markt für Holzpellets 
in Deutschland wächst stetig” (Wood pellet market in Germany is growing 
steadily), EUWID, 12 February, Jahrgang 7, pp. 13.

ExxonMobil (2012), “The Outlook for Energy: A View to 2040”, Exxon-
Mobil, Irving, http://corporate.exxonmobil.com/en/energy/energy- outlook.

Fichtner and Prognos (2013), “Cost Reduction Potentials of Offshore Wind 
Power in Germany”, August 2013, Fichtner and Prognos, Berlin, www. 
offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_
LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.
pdf.

F.O. Licht (2013a), “World Ethanol Production Shows Signs of Recovery”, 
World Ethanol & Biofuels Report, 21 October, pp. 59-65.

F.O. Licht (2013b), “The World Biodiesel Balance 2013 and 2014”, World 
Ethanol & Biofuels Report, 7 October, pp. 37-45.

Frankfurt School-UNEP Centre/BNEF (Frankfurt School – United Nations 
Environment Programme Collaborating Centre for Climate & Sustainable 
Energy Finance and BNEF) (2013), “Global Trends in Renewable Energy 
Investment 2013”, Frankfurt School of Finance & Management GmbH, 
Frankfurt, http://fs-unep-centre.org/sites/default/files/attachments/
gtr2013keyfindings.pdf.

GBPN (Global Buildings Performance Network) (2013), “A Comparative 
Analysis of Building Energy Efficiency Policies for New Buildings”, Feb-
ruary 2013, GBPN, Paris, www.gbpn.org/sites/default/files/08.Final%20
BC%20Report_Reduced%20File%20Size.pdf.

GEA (Global Energy Assessment) (2012), “Global Energy Assessment: 
Toward a Sustainable Future”, Cambridge University Press, Cambridge 
and New York, and IIASA, Laxenburg, www.globalenergyassessment.org/.

GlobalData.com (2013), “Energy/Power”, http://energy.globaldata.com/
research-areas/power.

GoingElectric (2013), “Tesla: Battery Costs Fall Under 180 €/kWh”, 
10 August 2013, www.goingelectric.de/2013/08/10/news/tesla-model-s- 
batterie-kosten-180-euro-kilowattstunde/.

Gonçalves, J. and J. Peuckert (2011), “Measuring the Impacts of Quality 
Infrastructure: Impact Theory, Empirics and Study Design”, Physikalisch 
Technische Bundesanstalt (PTB), April 2011, Braunschweig, www.ptb.
de/de/org/q/q5/docs/broschueren/broschuere_Guide%207_measuring_
the_impacts_of_quality_infrastructure_e.pdf.

Greenpeace International, EREC (European Renewable Energy Council) 
and GWEC (Global Wind Energy Council) (2012), “Energy [R]evolution: 
A Sustainable World Energy Outlook 2050”, July 2012, Greenpeace In-
ternational, EREC, GWEC, Amsterdam/Brussels, www.greenpeace.org/
international/Global/international/publications/climate/2012/Energy%20
Revolution%202012/ER2012.pdf.

GVEP (Global Village Energy Partnership International) (2011), “The His-
tory of Mini-Grid Development in Developing Countries”, GVEP Inter-
national, London, www.gvepinternational.org/sites/default/files/policy_
briefing_-_mini-grid_final.pdf.

GWEC (2012), “Global Wind Energy Outlook”, November 2012, GWEC, 
Brussels, www.gwec.net/wp-content/uploads/2012/11/GWEO_2012_low-
Res.pdf.

REmap 2030  159

http://www.ethz.ch/en/news-and-events/media-information/media-releases/2013/11/toolbox-for-co2-free-buildings.html
http://www.ethz.ch/en/news-and-events/media-information/media-releases/2013/11/toolbox-for-co2-free-buildings.html
http://www.euroheat.org/Publications-8.aspx?PID=211&M=NewsV2&Action=1&NewsId=274
http://www.euroheat.org/Publications-8.aspx?PID=211&M=NewsV2&Action=1&NewsId=274
http://www.euroheat.org/Publications-8.aspx?PID=211&M=NewsV2&Action=1&NewsId=274
http://corporate.exxonmobil.com/en/energy/energy-outlook
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://fs-unep-centre.org/sites/default/files/attachments/gtr2013keyfindings.pdf
http://fs-unep-centre.org/sites/default/files/attachments/gtr2013keyfindings.pdf
http://www.gbpn.org/sites/default/files/08.Final%20BC%20Report_Reduced%20File%20Size.pdf
http://www.gbpn.org/sites/default/files/08.Final%20BC%20Report_Reduced%20File%20Size.pdf
http://www.globalenergyassessment.org
http://energy.globaldata.com/research-areas/power
http://energy.globaldata.com/research-areas/power
http://www.goingelectric.de/2013/08/10/news/tesla-model-s-batterie-kosten-180-euro-kilowattstunde
http://www.goingelectric.de/2013/08/10/news/tesla-model-s-batterie-kosten-180-euro-kilowattstunde
http://www.ptb.de/de/org/q/q5/docs/broschueren/broschuere_Guide%207_measuring_the_impacts_of_quality_infrastructure_e.pdf
http://www.ptb.de/de/org/q/q5/docs/broschueren/broschuere_Guide%207_measuring_the_impacts_of_quality_infrastructure_e.pdf
http://www.ptb.de/de/org/q/q5/docs/broschueren/broschuere_Guide%207_measuring_the_impacts_of_quality_infrastructure_e.pdf
http://www.greenpeace.org/international/Global/international/publications/climate/2012/Energy%20Revolution%202012/ER2012.pdf
http://www.greenpeace.org/international/Global/international/publications/climate/2012/Energy%20Revolution%202012/ER2012.pdf
http://www.greenpeace.org/international/Global/international/publications/climate/2012/Energy%20Revolution%202012/ER2012.pdf
http://www.gvepinternational.org/sites/default/files/policy_briefing_-_mini-grid_final.pdf
http://www.gvepinternational.org/sites/default/files/policy_briefing_-_mini-grid_final.pdf
http://www.gwec.net/wp-content/uploads/2012/11/GWEO_2012_lowRes.pdf
http://www.gwec.net/wp-content/uploads/2012/11/GWEO_2012_lowRes.pdf


Hamelinck, C., et al. (2012), “Renewable Energy Progress and Biofuels 
Sustainability”, report prepared for the European Commission, September 
2012, Ecofys/Fraunhofer/Becker Büttner Held (BBH)/Energy Economics 
Group (EEG)/Winrock, Brussels, http://ec.europa.eu/energy/renewables/
reports/doc/2013_renewable_energy_progress.pdf.

Harmes-Liedtke, U. and J.J. Oteiza Di Mateo (2011), Measurement of Qual-
ity Infrastructure, June 2011, PTB, Braunschweig, www.ptb.de/de/org/q/
q5/docs/broschueren/broschuere_discussion5_2011_11.pdf.

Henry, J.M., et al. (2013), “How Reversible Pump-turbines Can Support 
Grid Variability: The Variable Speed Approach”, The International Journal 
on Hydropower & Dams, Vol. 21, No. 5, pp. 68-73.

Hydropower & Dams (2013), “Hydro 2013 Reflects Global Commitment to 
Hydropower”, The International Journal on Hydropower & Dams, Vol. 21, 
No. 6, pp. 91-130.

IEA (International Energy Agency) (2010), “Energy Technology Perspec-
tives 2010”, OECD (Organisation for Economic Co-operation and Develop-
ment)/IEA, Paris, www.iea.org/publications/freepublications/ publication/
etp2010.pdf.

IEA (2011), “World Energy Outlook 2011”, OECD/IEA, Paris, www.iea.org/
publications/freepublications/publication/WEO2011_WEB.pdf.

IEA (2012a), “Technology Roadmap: Bioenergy for Heat and Power”, 
OECD/IEA, Paris, www.iea.org/publications/freepublications/publication/
bioenergy.pdf.

IEA (2012b), “Extended Energy Balances for Non-OECD and OECD Coun-
tries”, OECD/IEA, Paris,

IEA (2012c), “Energy Technology Perspectives 2012”, OECD/IEA, Paris, 
www.iea.org/etp/etp2012/.

IEA (2012d), “World Energy Outlook 2012”, OECD/IEA, Paris, www. 
worldenergyoutlook.org/publications/weo-2012/.

IEA (2012e), “Technology Roadmap: Solar Heating and Cooling”, OECD/
IEA, Paris, www.iea.org/publications/freepublications/publication/2012_
SolarHeatingCooling_Roadmap_FINAL_WEB.pdf.

IEA (2013a), “World Energy Outlook 2013”, OECD/IEA, Paris, www.world-
energyoutlook.org/publications/weo-2013/.

IEA (2013b), “Medium-term Renewable Energy Market Report 2013”, 
OECD/IEA, Paris, www.iea.org/w/bookshop/add.aspx?id=453.

IIASA (2014), “GAINS GLOBAL (Greenhouse Gas – Air Pollution Interac-
tions and Synergies)”, IIASA, Laxenburg, http://gains.iiasa.ac.at/gains/
GOD/index.login?logout=1.

IMF (International Monetary Fund) (2013), “Energy Subsidy Reform: Les-
sons and Implications”, 28 January 2013, IMF, Washington, DC, www.imf.
org/external/np/pp/eng/2013/012813.pdf.

IPCC (Intergovernmental Panel on Climate Change) (2007a), “Sum-
mary for Policymakers”, in: B. Metz, et al. (eds.), Climate Change 2007: 
Mitigation, Fourth Assessment Report, IPCC, Cambridge University Press, 
Cambridge and New York, www.ipcc.ch/pdf/assessment-report/ar4/wg3/
ar4-wg3-spm.pdf.

IPCC (2007b), “Climate Change 2007: Impacts, Adaptation and Vulner-
ability”, in M.L. Parry, et al. (eds.), Contribution of Working Group II to the 
Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change, Cambridge University Press, Cambridge and New York, www.
ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_ 
report_wg2_report_impacts_adaptation_and_vulnerability.htm.

REmap 2030  160

http://ec.europa.eu/energy/renewables/reports/doc/2013_renewable_energy_progress.pdf
http://ec.europa.eu/energy/renewables/reports/doc/2013_renewable_energy_progress.pdf
http://www.ptb.de/de/org/q/q5/docs/broschueren/broschuere_discussion5_2011_11.pdf
http://www.ptb.de/de/org/q/q5/docs/broschueren/broschuere_discussion5_2011_11.pdf
http://www.iea.org/publications/freepublications/publication/etp2010.pdf
http://www.iea.org/publications/freepublications/publication/etp2010.pdf
http://www.iea.org/publications/freepublications/publication/WEO2011_WEB.pdf
http://www.iea.org/publications/freepublications/publication/WEO2011_WEB.pdf
http://www.iea.org/publications/freepublications/publication/bioenergy.pdf
http://www.iea.org/publications/freepublications/publication/bioenergy.pdf
http://www.iea.org/etp/etp2012
http://www.worldenergyoutlook.org/publications/weo-2012
http://www.worldenergyoutlook.org/publications/weo-2012
http://www.iea.org/publications/freepublications/publication/2012_SolarHeatingCooling_Roadmap_FINAL_WEB.pdf
http://www.iea.org/publications/freepublications/publication/2012_SolarHeatingCooling_Roadmap_FINAL_WEB.pdf
http://www.worldenergyoutlook.org/publications/weo-2013
http://www.worldenergyoutlook.org/publications/weo-2013
http://www.iea.org/w/bookshop/add.aspx?id=453
http://gains.iiasa.ac.at/gains/GOD/index.login?logout=1
http://gains.iiasa.ac.at/gains/GOD/index.login?logout=1
http://www.imf.org/external/np/pp/eng/2013/012813.pdf
http://www.imf.org/external/np/pp/eng/2013/012813.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-spm.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-spm.pdf
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm


IPCC (2007c), “Climate Change 2007: Mitigation of Climate Change”, 
in: B. Metz, et al. (eds.), Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge and New York, www.ipcc-wg3.
de/assessment-reports/fourth-assessment-report/working-group-iii-
fourth-assessment-report.

IRENA (International Renewable Energy Agency) (2012a), “Proposed 
Work Programme and Budget for 2012”, Report of the Director-General, 
A/2/1, 30  January 2012, IRENA, Abu Dhabi, www.irena.org/Document-
Downloads/WP2012.pdf.

IRENA (2012b), Doubling the Share of Renewables: Roadmap to 2030, 
Agenda item 4.b., Informal Discussion Note, 3rd meeting of the IRENA 
Council, 5-6 June 2012, IRENA, Abu Dhabi.

IRENA (2012c), “Doubling the Share of Renewables: A Roadmap to 2030”, 
IRENA Workshop Proceedings, 5  September 2012, IRENA, Abu Dhabi, 
www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79
&SubcatID=211.

IRENA (2012d), “IRENA’s Global Renewable Energy Roadmap (REMAP 
2030)”, IRENA Workshop Proceedings, 14  November 2012, IRENA, 
Abu Dhabi, www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID= 
30&CatID=79&SubcatID=267.

IRENA (2012e), “Proposed Work Programme and Budget for 2013”, Re-
port of the Director-General, A/3/L.3, 16  December 2013, IRENA, Abu 
Dhabi, www.irena.org/DocumentDownloads/WP2013.pdf.

IRENA (2012f), “International Off-Grid Renewable Energy Conference 
(IOREC)”, 1-2 November 2012, Accra, www.irena.org/menu/index.aspx? 
mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=272.

IRENA (2012g), “Policy Brief: Evaluating Policies in Support of the De-
ployment of Renewable Power”, IRENA, Abu Dhabi, www.irena.org/

DocumentDownloads/Publications/Evaluating_policies_in_support_of_
the_deployment_of_renewable_power.pdf.

IRENA (2013a), “Doubling the Global Share of Renewable Energy: 
A Roadmap to 2030”, January 2013, IRENA, Abu Dhabi, www.irena.
org/DocumentDownloads/Publications/IRENA%20REMAP%202030%20
working%20paper.pdf.

IRENA (2013b), “Renewable Power Generation Costs in 2012: An Over-
view”, IRENA, Abu Dhabi, www.irena.org/DocumentDownloads/Pub-
lications/Overview_Renewable%20Power%20Generation%20Costs%20
in%202012.pdf.

IRENA (2013c), “Road Transport: The Cost of Renewable Solutions”, 
IRENA, Abu Dhabi, www.irena.org/DocumentDownloads/Publications/
Road_Transport.pdf.

IRENA (2013d), “IRENA/IEA-ETSAP (Energy Technology Systems Analy-
sis Program) Technology Briefs”, IRENA, Abu Dhabi, www.irena.org/
menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=283.

IRENA (2013e), IRENA’s Renewable Energy Roadmap 2030 – The REMAP 
Process, 19 June 2013, IRENA, Abu Dhabi.

IRENA (2013f), REMAP 2030 Costing Methodology, IRENA, Abu Dhabi.

IRENA (2013g), IRENA’s Renewable Energy Roadmap 2030 – A Manual for 
the REMAP Tool, IRENA, Abu Dhabi.

IRENA (2013h), Renewable Energy Innovation Policy:  Success Criteria 
and Strategies, IRENA, Abu Dhabi, www.irena.org/DocumentDownloads/ 
Publications/Renewable_Energy_Innovation_Policy.pdf.

IRENA (2013i), “Renewable Energy and Jobs”, IRENA, Abu Dhabi, www.
irena.org/rejobs.pdf.

REmap 2030  161

http://www.ipcc-wg3.de/assessment-reports/fourth-assessment-report/working-group-iii-fourth-assessment-report
http://www.ipcc-wg3.de/assessment-reports/fourth-assessment-report/working-group-iii-fourth-assessment-report
http://www.ipcc-wg3.de/assessment-reports/fourth-assessment-report/working-group-iii-fourth-assessment-report
http://www.irena.org/DocumentDownloads/WP2012.pdf
http://www.irena.org/DocumentDownloads/WP2012.pdf
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=211
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=211
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID
http://www.irena.org/DocumentDownloads/WP2013.pdf
http://www.irena.org/menu/index.aspx
http://www.irena.org/DocumentDownloads/Publications/Evaluating_policies_in_support_of_the_deployment_of_renewable_power.pdf
http://www.irena.org/DocumentDownloads/Publications/Evaluating_policies_in_support_of_the_deployment_of_renewable_power.pdf
http://www.irena.org/DocumentDownloads/Publications/Evaluating_policies_in_support_of_the_deployment_of_renewable_power.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA%20REMAP%202030%20working%20paper.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA%20REMAP%202030%20working%20paper.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA%20REMAP%202030%20working%20paper.pdf
http://www.irena.org/DocumentDownloads/Publications/Overview_Renewable%20Power%20Generation%20Costs%20in%202012.pdf
http://www.irena.org/DocumentDownloads/Publications/Overview_Renewable%20Power%20Generation%20Costs%20in%202012.pdf
http://www.irena.org/DocumentDownloads/Publications/Overview_Renewable%20Power%20Generation%20Costs%20in%202012.pdf
http://www.irena.org/DocumentDownloads/Publications/Road_Transport.pdf
http://www.irena.org/DocumentDownloads/Publications/Road_Transport.pdf
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=283
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=283
http://www.irena.org/DocumentDownloads/Publications/Renewable_Energy_Innovation_Policy.pdf
http://www.irena.org/DocumentDownloads/Publications/Renewable_Energy_Innovation_Policy.pdf
http://www.irena.org/rejobs.pdf
http://www.irena.org/rejobs.pdf


IRENA (2013j), “IOREC 2012 – International Off-Grid Renewable Energy 
Conference, Key Findings and Recommendations”, IRENA, Abu  Dhabi, 
www.irena.org/DocumentDownloads/Publications/IOREC_Key%20
 Findings%20and%20Recommendations.pdf.

IRENA (2013k), “West African Power Pool: Planning and Pros-
pects for Renewable Energy”, IRENA, Abu Dhabi, www.irena.org/ 
DocumentDownloads/Publications/WAPP.pdf.

IRENA (2013l), “International Standardisation in the Field of Renew-
able Energy”, IRENA, Abu Dhabi, www.irena.org/DocumentDownloads/ 
Publications/International_Standardisation_%20in_the_Field_of_ 
Renewable_Energy.pdf.

IRENA (2013m), “Southern African Power Pool: Planning and Pros-
pects for Renewable Energy”, IRENA, Abu Dhabi. www.irena.org/ 
DocumentDownloads/Publications/SAPP.pdf.

IRENA (2014a), “REmap 2030: A Renewable Energy Roadmap, Sum-
mary of Findings”, IRENA, Abu Dhabi, http://irena.org/remap/REmap%20
 Summary%20of%20findings_final_links.pdf.

IRENA (2014b), Renewable Energy in Manufacturing, A Technology Road-
map for REmap 2030, IRENA, Abu Dhabi.

IRENA (2014c), Renewables in Cities, A Technology Roadmap for REmap 
2030, IRENA, Abu Dhabi (forthcoming).

IRENA (2014d), Renewable Technology Options for the Industry Sector: 
Assessment of the Global and Regional Potentials until 2030, IRENA, Abu 
Dhabi (forthcoming).

IRENA (2014e), “Strategies for Integrating Variable Renewables: A Tech-
nology Roadmap for REmap 2030”, IRENA, Abu Dhabi (forthcoming).

IRENA (2014f), Ocean Thermal Energy Conversion: Technology Brief, 
IRENA, Abu Dhabi (June 2014).

IRENA (2014g), Salinity gradient energy: Technology Brief, IRENA, Abu 
Dhabi (June 2014).

IRENA (2014h), Tidal energy: Technology Brief, IRENA, Abu Dhabi (June 
2014).

IRENA (2014i), Wave energy: Technology Brief, IRENA, Abu Dhabi (June 
2014).

IRENA (2014j), “Global Bioenergy Supply and Demand Projections for the 
Year 2030”, IRENA, Abu Dhabi.

IRENA (2014k), “The RETIP Process: A Guide for the Development of 
Renewable Energy Technology Innovation Policy”, IRENA, Abu Dhabi 
(forthcoming).

IRENA and CEM (Clean Energy Ministerial) (2014), “The socio-economic 
benefits of large-scale solar and wind: An econValue report”, IRENA, Abu 
Dhabi (forthcoming), www.irena.org/revalue.

IRENA/IEA-ETSAP (2013a), ETSAP Regular Workshop, including an 
IRENA-REMAP session, 17 June 2013, OECD/IEA, Paris, www.irena.org/
menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=338.

IRENA/IEA-ETSAP (2013b), Heat Pumps: Technology Brief, IRENA, 
Abu Dhabi, www.irena.org/DocumentDownloads/Publications/IRENA- 
ETSAP%20Tech%20Brief%20E12%20Heat%20Pumps.pdf.

IRENA/IEA-ETSAP (2013c), Bio-methanol: Technology Brief, IRENA, 
Abu Dhabi, www.irena.org/DocumentDownloads/Publications/IRENA- 
ETSAP%20Tech%20Brief%20I08%20Production_of_Bio-methanol.pdf.

REmap 2030  162

http://www.irena.org/DocumentDownloads/Publications/IOREC_Key%20Findings%20and%20Recommendations.pdf
http://www.irena.org/DocumentDownloads/Publications/IOREC_Key%20Findings%20and%20Recommendations.pdf
http://www.irena.org/DocumentDownloads/Publications/WAPP.pdf
http://www.irena.org/DocumentDownloads/Publications/WAPP.pdf
http://www.irena.org/DocumentDownloads/Publications/International_Standardisation_%20in_the_Field_of_Renewable_Energy.pdf
http://www.irena.org/DocumentDownloads/Publications/International_Standardisation_%20in_the_Field_of_Renewable_Energy.pdf
http://www.irena.org/DocumentDownloads/Publications/International_Standardisation_%20in_the_Field_of_Renewable_Energy.pdf
http://www.irena.org/DocumentDownloads/Publications/SAPP.pdf
http://www.irena.org/DocumentDownloads/Publications/SAPP.pdf
http://irena.org/remap/REmap%20Summary%20of%20findings_final_links.pdf
http://irena.org/remap/REmap%20Summary%20of%20findings_final_links.pdf
http://irevalue.irena.org/sub_projects.aspx?id=2
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=338
http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=30&CatID=79&SubcatID=338
http://www.irena.org/DocumentDownloads/Publications/IRENA-ETSAP%20Tech%20Brief%20E12%20Heat%20Pumps.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA-ETSAP%20Tech%20Brief%20E12%20Heat%20Pumps.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA-ETSAP%20Tech%20Brief%20I08%20Production_of_Bio-methanol.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA-ETSAP%20Tech%20Brief%20I08%20Production_of_Bio-methanol.pdf


IRENA and IEA-ETSAP (2014), Doubling the global renewable energy 
share: a comparison of ETSAP modelling results with IRENA’s global re-
newable energy roadmap (forthcoming).

Isaac, M. and D.P. van Vuuren (2009), “Modelling Global Residential Sec-
tor Energy Demand for Heating and Air Conditioning in the Context of 
Climate Change”, Energy Policy, Vol. 37, No. 2, pp. 507-521.

Jenkins, J. and S. Mansur (2011), Bridging the Clean Energy Valleys of 
Death, Breakthrough Institute, November 2011, Oakland, California, http://
thebreakthrough.org/blog/Valleys_of_Death.pdf.

Koldehoff, W.B. (2012), Solar Thermal in Industries – Status and Per-
spectives, German Solar Industry Association, 5 March 2012, Berlin, 
http://solarthermalworld.org/sites/gstec/files/story/2013-03-26/2013-en- 
koldehoff-.pdf.

Kopetz, H. (2013), “Renewable Resources: Build a Biomass Energy Mar-
ket”, Nature, Vol. 494, pp. 29-31.

Krey, V., et al. (2012), “Urban and Rural Energy Use and Carbon  Dioxide 
Emissions in Asia”, Energy Economics, Vol. 34, Supplement 3, pp. 
S272–S283.

Lim, S., et al. (2012), “A Comparative Risk Assessment of Burden of Dis-
ease and Injury Attributable to 67 Risk Factors and Risk Factor Clusters 
in 21 Regions, 1990-2010: A Systematic Analysis for the Global Burden of 
Disease Study 2010”, The Lancet, Vol. 380, No. 9859, pp. 2224-2260.

Loisel, R., et al. (2014), “Flexibility Assessment in Nuclear Energy Domi-
nated Systems with Increased Wind Energy Shares”, 21 January 2014, 
Laboratoire d’Economie et de Management Nantes-Atlantique  (LEMNA), 
Institute for Energy and Transport and DG Joint Research Centre, 
Nantes, http://hal.archives-ouvertes.fr/docs/00/93/42/17/PDF/LEMNA_
WP_2014-04.pdf.

Lund, J.W., D.H. Freeston and T.L. Boyd (2010), “Direct Utilization of 
Geothermal Energy 2010 Worldwide Review”, in Proceedings World Geo-
thermal Congress 2010, 25-29 April 2010, Bali, http://geotermia.org.mx/
geotermia/pdf/WorldUpdateDirect2010-Lund.pdf .

Lund, J.W., D.H. Freeston and T.L. Boyd (2011), “Direct Utilization of Geo-
thermal Energy 2010 Worldwide Review”, Geothermics, Vol. 40, No. 3, 
pp. 159-180.

Maersk (2011), “Maersk and the U.S. Navy Collaborate on Biofuel Ini-
tiative”, 12 December 2011, Norfolk, Virginia and Copenhagen, http://
my.maerskline.com/link/?page=news&path=/news/news20111212.

Markandya, A. (1998), “The Valuation of Health Impacts in Developing 
Countries”, Planejamento and Politicas Publicas, No. 18, pp. 119-155.

Meyer, D., et al. (2012), “Brazilian Ethanol: Unpacking a Success Story of 
Energy Technology Innovation. Historical Case Studies of ENERGY Tech-
nology Innovation”, in: A. Grubler, et al., Chapter 24: Policies for the En-
ergy Technology Innovation System, Global Energy Assessment: Toward 
a Sustainable Future, Cambridge University Press, Cambridge, and IIASA, 
Laxenburg.

MIC (Main(e) International Consulting LLC) (2013), “Floating Offshore 
Wind Foundations: Industry Consortia and Projects in the United States, 
Europe and Japan. An Overview”, May 2013, MIC, Bremen, Maine, http://
maine-intl-consulting.com/resources/Floating+Offshore+Wind+Platform
s+Consortia+for+web.pdf.

MII (Ministry of Industries and Innovation) (2008), “Technical Report on 
the Future Expansion and Undergrounding of the Electricity Transmis-
sion Grid”, MII, Reykjavik, www.atvinnuvegaraduneyti.is/media/fylgigogn-
raflinur-i-jord/5-Elinfrastrukturudvalget.pdf.

REmap 2030  163

http://thebreakthrough.org/blog/Valleys_of_Death.pdf
http://thebreakthrough.org/blog/Valleys_of_Death.pdf
http://solarthermalworld.org/sites/gstec/files/story/2013-03-26/2013-en-koldehoff-.pdf
http://solarthermalworld.org/sites/gstec/files/story/2013-03-26/2013-en-koldehoff-.pdf
http://hal.archives-ouvertes.fr/docs/00/93/42/17/PDF/LEMNA_WP_2014-04.pdf
http://hal.archives-ouvertes.fr/docs/00/93/42/17/PDF/LEMNA_WP_2014-04.pdf
http://geotermia.org.mx/geotermia/pdf/WorldUpdateDirect2010-Lund.pdf
http://geotermia.org.mx/geotermia/pdf/WorldUpdateDirect2010-Lund.pdf
http://my.maerskline.com/link/?page=news&path=/news/news20111212
http://my.maerskline.com/link/?page=news&path=/news/news20111212
http://maine-intl-consulting.com/resources/Floating+Offshore+Wind+Platforms+Consortia+for+web.pdf
http://maine-intl-consulting.com/resources/Floating+Offshore+Wind+Platforms+Consortia+for+web.pdf
http://maine-intl-consulting.com/resources/Floating+Offshore+Wind+Platforms+Consortia+for+web.pdf
http://www.atvinnuvegaraduneyti.is/media/fylgigogn-raflinur-i-jord/5-Elinfrastrukturudvalget.pdf
http://www.atvinnuvegaraduneyti.is/media/fylgigogn-raflinur-i-jord/5-Elinfrastrukturudvalget.pdf


Mitchell, C., et al. (2011), “Policy, Financing and Implementation”, in O. 
Edenhofer, et al. (eds.), IPCC Special Report on Renewable Energy Sources 
and Climate Change Mitigation, Cambridge University Press, Cambridge 
and New York, http://srren.ipcc-wg3.de/report/IPCC_SRREN_Ch11.pdf.

National Grid (2013), “UK Future Energy Scenarios: UK Gas and Electric-
ity Transmission”, July 2013, National Grid, Warwick, www.nationalgrid.
com/NR/rdonlyres/2450AADD-FBA3-49C1-8D63-7160A081C1F2/61591/
UKFES2013FINAL2.pdf.

Navigant (2013a), Market Data: Biomass Power Generation, Navigant 
Consulting, Boulder.

Navigant (2013b), Minigrid Deployment Tracker 4Q13, Navigant Consulting, 
Boulder.

Navigant (2013c), “Installed Capacity of Geothermal Heat Pumps Will 
Grow by Nearly 150 Percent by 2020”, 12 November 2013, www.navigan-
tresearch.com/newsroom/installed-capacity-of-geothermal-heat-pumps-
will-grow-by-nearly-150-percent-by-2020.

Navigant (2013d), Electric Vehicle Market Forecast: Global Forecasts for 
Light Duty Hybrid, Plug in Hybrid, and Battery Electric Vehicles: 2013-
2020, Navigant Consulting, Boulder.

Navigant (2014a), “Navigant Research Forecasts 58% Growth in Global 
Biofuels Consumption by 2022; Biodiesel and Drop-in Fuels Gain Market 
Share”, 5 February 2014, www.greencarcongress.com/2014/02/20140205-
navigant.html.

Navigant (2014b), Electric Vehicles: 10 Predictions for 2014, Navigant 
Consulting, Boulder.

Nemet, G. (2012), “Solar Photovoltaics: Multiple Drivers of Technological 
Improvement. Historical Case Studies of Energy Technology Innovation”, 
in A. Grubler, et al. (Eds.), Chapter 24: Policies for the Energy Technol-

ogy Innovation System, Global Energy Assessment: Toward a Sustainable 
Future, Cambridge University Press, Cambridge and IIASA, Laxenburg.

NOAA (U.S. National Oceanic and Atmospheric Administration) (2014), 
“Recent Global CO2”, www.esrl.noaa.gov/gmd/ccgg/trends/global.html.

Norgate, T., et al. (2011), “The Greenhouse Gas Footprint of Charcoal 
Production and of Some Applications in Steelmaking, CSIRO Minerals 
Down Under Flagship”, Clayton, South Victoria, www.conference.alcas.
asn.au/2011/norgateetalv2.pdf.

Norgate, T., et al. (2012), “Biomass as a Source of Renewable Carbon for 
Iron and Steelmaking”, ISIJ International, Vol. 52, No. 8, pp. 1472-1481.

Novozymes (2012), “Socio-economic Prospects of Advanced Biofuels”, 
Global Bioenergy Partnership Seminar presented at Rio+20 conference, 
18 June 2012, Rio de Janeiro, www.globalbioenergy.org/fileadmin/user_
upload/gbep/docs/2012_events/GBEP_Seminar_Rio_de_Janeiro_18_
June_2012/16_-_GBEP_Seminar_PPT_Voetmann.pdf.

OECD (1996), “Intellectual Property, Technology Transfer and Genetic Re-
sources. An OECD Survey of Current Practices and Policies”, OECD, Paris, 
www.oecd.org/science/biotech/1947170.pdf.

Ondraczek, J. (2012), “The Sun Rises in the East (of Africa): A Comparison 
of the Development and Status of the Solar Energy Markets in Kenya and 
Tanzania”, Working Paper FNU-197, Hamburg University, Hamburg, www.
fnu.zmaw.de/fileadmin/fnu-files/staff/ondraczek/110816_PVSEC_Paper_
Janosch_Ondraczek_final.pdf.

Peng, W. and J. Pan (2006), “Rural Electrification in China: History and 
Institution,” China & World Economy, Vol. 14, No. 1, pp. 71-84.

Pike Research (2013), “Pike Research Forecasts Electric Bikes to Sell at 
47 – 51 Million Units per Year in 2018”, http://nextbigfuture.com/2012/03/
pike-research-forecasts-electric-bikes.html.

REmap 2030  164

http://srren.ipcc-wg3.de/report/IPCC_SRREN_Ch11.pdf
http://www.nationalgrid.com/NR/rdonlyres/2450AADD-FBA3-49C1-8D63-7160A081C1F2/61591/UKFES2013FINAL2.pdf
http://www.nationalgrid.com/NR/rdonlyres/2450AADD-FBA3-49C1-8D63-7160A081C1F2/61591/UKFES2013FINAL2.pdf
http://www.nationalgrid.com/NR/rdonlyres/2450AADD-FBA3-49C1-8D63-7160A081C1F2/61591/UKFES2013FINAL2.pdf
http://www.navigantresearch.com/newsroom/installed-capacity-of-geothermal-heat-pumps-will-grow-by-nearly-150-percent-by-2020
http://www.navigantresearch.com/newsroom/installed-capacity-of-geothermal-heat-pumps-will-grow-by-nearly-150-percent-by-2020
http://www.navigantresearch.com/newsroom/installed-capacity-of-geothermal-heat-pumps-will-grow-by-nearly-150-percent-by-2020
http://www.greencarcongress.com/2014/02/20140205-navigant.html
http://www.greencarcongress.com/2014/02/20140205-navigant.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html
http://www.conference.alcas.asn.au/2011/norgateetalv2.pdf
http://www.conference.alcas.asn.au/2011/norgateetalv2.pdf
http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2012_events/GBEP_Seminar_Rio_de_Janeiro_18_June_2012/16_-_GBEP_Seminar_PPT_Voetmann.pdf
http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2012_events/GBEP_Seminar_Rio_de_Janeiro_18_June_2012/16_-_GBEP_Seminar_PPT_Voetmann.pdf
http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2012_events/GBEP_Seminar_Rio_de_Janeiro_18_June_2012/16_-_GBEP_Seminar_PPT_Voetmann.pdf
http://www.oecd.org/science/biotech/1947170.pdf
http://www.fnu.zmaw.de/fileadmin/fnu-files/staff/ondraczek/110816_PVSEC_Paper_Janosch_Ondraczek_final.pdf
http://www.fnu.zmaw.de/fileadmin/fnu-files/staff/ondraczek/110816_PVSEC_Paper_Janosch_Ondraczek_final.pdf
http://www.fnu.zmaw.de/fileadmin/fnu-files/staff/ondraczek/110816_PVSEC_Paper_Janosch_Ondraczek_final.pdf
http://nextbigfuture.com/2012/03/pike-research-forecasts-electric-bikes.html
http://nextbigfuture.com/2012/03/pike-research-forecasts-electric-bikes.html


Platts (2013), “World Electric Power Plants Database, December 2013”, 
McGraw Hill Financial, New York, June 2013, www.platts.com/products/
world-electric-power-plants-database.

Protermosolar (2013), www.protermosolar.com.

PwC (PricewaterhouseCoopers) (2013), “World in 2050. The BRICs and 
Beyond: Prospects, Challenges and Opportunities”, January 2013, PwC 
Economics, London, www.pwc.com/en_GX/gx/world-2050/assets/pwc-
world-in-2050-report-january-2013.pdf.

RE Focus (Renewable Energy Focus) (2013), “Renewable Power Gen-
eration – 2012 Figures. Part Six – Biomass”, July/August 2013, RE 
Focus, www.renewableenergyfocus.com/view/35689/renewable-power- 
generation-2012-figures/.

REG Windpower (2013), “Energy and Climate Change”, written state-
ment submitted to the U.K. Parliament, April 2013, www.publications. 
parliament.uk/pa/cm201314/cmselect/cmenergy/180/180vw11.htm.

Reinaud, J. (2008), “Climate Policy and Carbon Leakage – Impacts of the 
European Emissions Trading Scheme on Aluminium”, Information Paper, 
OECD/IEA, Paris, www.iea.org/publications/freepublications/publication/
Aluminium_EU_ETS.pdf.

REN21 (Renewable Energy Policy Network for the 21st Century) (2011), 
“Renewables 2011 Global Status Report”, REN21 Secretariat, Paris, www.
ren21.net/Portals/0/documents/Resources/GSR2011_FINAL.pdf.

REN21 (2013), “Renewables 2013 Global Status Report”, REN21 Secre-
tariat, Paris, www.ren21.net/Portals/0/documents/Resources/GSR/2013/
GSR2013_lowres.pdf.

RENEW (2013), “People Power: Rooftop Solar PV Reaches 3GW in Aus-
tralia”, 4 December, http://reneweconomy.com.au/2013/people-power-
rooftop-solar-pv-reaches-3gw-in-australia-99543.

Renner, M. and M. Gardezi (2013), “Automobile Production Sets New 
Record, but Alternative Vehicles Grow Slowly”, 28 June 2013, Vital 
Signs Online, Worldwatch Institute, http://vitalsigns.worldwatch.org/
vs-trend/automobile-production-sets-new-record-alternative-vehicles-
grow- slowly.

Roehrkasten, S. and K. Westphal (2013), “IRENA and Germany’s Foreign 
Renewable Energy Policy: Aiming at Multilevel Governance and an Interna-
tionalization of the Energiewende?”, Working Paper, German Institute for 
International and Security Affairs, Berlin, www.swp-berlin.org/fileadmin/
contents/products/arbeitspapiere/Rks_Wep_ FG08WorkingPaper_2013.
pdf.

Roland Berger (2013), “Offshore Wind Toward 2030: On the Pathway 
to Cost Competitiveness”, April 2013, Roland Berger Strategy Consult-
ants GmbH, Munich, www.rolandberger.com/media/pdf/Roland_Berger_ 
Offshore_Wind_Study_20130506.pdf.

Rotmans, J., R. Kemp and M. van Asselt (2001), “More Evolution than 
Revolution: Transition Management in Public Policy”, Foresight, Vol. 3, 
No. 1, pp. 15-31.

RTE (Réseau de Transport d’Électricité) (2011), “Generation Adequacy 
Report on the Electricity Supply – Demand Balance in France”, RTE, 
Paris, www.rte-france.com/uploads/Mediatheque_docs/vie_systeme/ 
annuelles/bilan_previsionnel/an/generation_adequacy_report_2011.pdf.

Rutovitz, J. and S. Harris (2012), “Calculating Global Energy Sector 
Jobs: 2012 Methodology”, report prepared for Greenpeace International, 
June 2012, Institute for Sustainable Futures, University of Technology, 
Sydney, http://cfsites1.uts.edu.au/find/isf/publications/rutovitzharris2012 
globalenergyjobsmethycalc.pdf.

REmap 2030  165

http://www.platts.com/products/world-electric-power-plants-database
http://www.platts.com/products/world-electric-power-plants-database
http://www.protermosolar.com
http://www.pwc.com/en_GX/gx/world-2050/assets/pwc-world-in-2050-report-january-2013.pdf
http://www.pwc.com/en_GX/gx/world-2050/assets/pwc-world-in-2050-report-january-2013.pdf
http://www.renewableenergyfocus.com/view/35689/renewable-power-generation-2012-figures
http://www.renewableenergyfocus.com/view/35689/renewable-power-generation-2012-figures
http://www.publications.parliament.uk/pa/cm201314/cmselect/cmenergy/180/180vw11.htm
http://www.publications.parliament.uk/pa/cm201314/cmselect/cmenergy/180/180vw11.htm
http://www.iea.org/publications/freepublications/publication/Aluminium_EU_ETS.pdf
http://www.iea.org/publications/freepublications/publication/Aluminium_EU_ETS.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR2011_FINAL.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR2011_FINAL.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR/2013/GSR2013_lowres.pdf
http://www.ren21.net/Portals/0/documents/Resources/GSR/2013/GSR2013_lowres.pdf
http://reneweconomy.com.au/2013/people-power-rooftop-solar-pv-reaches-3gw-in-australia-99543
http://reneweconomy.com.au/2013/people-power-rooftop-solar-pv-reaches-3gw-in-australia-99543
http://vitalsigns.worldwatch.org/vs-trend/automobile-production-sets-new-record-alternative-vehicles-grow-slowly
http://vitalsigns.worldwatch.org/vs-trend/automobile-production-sets-new-record-alternative-vehicles-grow-slowly
http://vitalsigns.worldwatch.org/vs-trend/automobile-production-sets-new-record-alternative-vehicles-grow-slowly
http://www.swp-berlin.org/fileadmin/contents/products/arbeitspapiere/Rks_Wep_FG08WorkingPaper_2013.pdf
http://www.swp-berlin.org/fileadmin/contents/products/arbeitspapiere/Rks_Wep_FG08WorkingPaper_2013.pdf
http://www.swp-berlin.org/fileadmin/contents/products/arbeitspapiere/Rks_Wep_FG08WorkingPaper_2013.pdf
http://www.rolandberger.com/media/pdf/Roland_Berger_Offshore_Wind_Study_20130506.pdf
http://www.rolandberger.com/media/pdf/Roland_Berger_Offshore_Wind_Study_20130506.pdf
http://www.rte-france.com/uploads/Mediatheque_docs/vie_systeme/annuelles/bilan_previsionnel/an/generation_adequacy_report_2011.pdf
http://www.rte-france.com/uploads/Mediatheque_docs/vie_systeme/annuelles/bilan_previsionnel/an/generation_adequacy_report_2011.pdf
http://cfsites1.uts.edu.au/find/isf/publications/rutovitzharris2012


Schlipf, D., et al. (2011), “Prospects of Optimization of Energy Produc-
tion by LIDAR Assisted Control of Wind Turbines”, University of Stutt-
gart, EWEA 2011 conference proceedings, 14-17 March 2011, Brussels, 
http://elib.uni-stuttgart.de/opus/volltexte/2013/8585/pdf/ SchlipfEtAl_
EWEA2011_Prospects_of_Optimization_of_Energy_Production_by_
LIDAR_ Assisted_Control_of_Wind_Turbines.pdf.

SE4ALL (Sustainable Energy for All) (2012), “A Global Action Agen-
da: Pathways for Concerted Action towards Sustainable Energy for 
All”, The Secretary-General’s High-Level Group on Sustainable En-
ergy for All, United Nations, New York, www.un.org/wcm/webdav/site/ 
sustainableenergyforall/shared/Documents/SEFA-Action%20Agenda-
Final.pdf.

SE4ALL (2013), “Draft Concept Note for Sustainable Energy for All Advi-
sory Board Finance Committee”, SE4ALL, pp. 6.

Seboka, Y., M.A. Getahun and Y. Haile-Meskel (2009), “Biomass En-
ergy for Cement Production: Opportunities in Ethiopia”, United Nations 
Development Programme, UNEP and UNEP Risø Centre, New York, 
www.undp.org/content/undp/en/home/librarypage/environment-energy/ 
climate_change/mitigation/biomass-energy-for-cement-production- 
opportunities-in-ethiopia.html.

Sharpley, N. (2013), “Hydraulic Drivetrain Turbine Sets Sights on Offshore 
Wind”, 2 August 2013, Windpower Engineering & Development, www.
windpowerengineering.com/design/electrical/drives/hydraulic-drivetrain-
turbine-sets-sights-on-offshore-wind/.

Shen, L., J. Haufe and M.K. Patel (2009), “Product Overview and Market 
Projection of Emerging Bio-based Plastics”, PRO-BIP 2009, Final report, 
November 2009, Utrecht University, Utrecht, www.uu.nl/SiteCollection-
Images/IMEW/Copernicus/Reports/PROBIP2009%20Final%20June%20
2009%20revised%20in%20November%2009.pdf.

Sheridan, C. (2013), “Big Oil Turns on Biofuels”, Nature Biotechnology, 
Vol. 31, No. 10, pp. 870-873.

Simell, P., et al. (2009), “The Development of a Gas Clean-up Process: Les-
sons Learned”, An International Conference on Thermochemical Conver-
sion Science paper, 16-18 September 2009, Chicago, www.gastechnology.
org/tcbiomass2013/tcb2009/05_tcb2009_Gasification_II.pdf.

Sivak, M. (2013), Will AC Put a Chill on the Global Energy Supply?”, Ameri-
can Scientist, September-October 2013, Vol. 101, No: 5, pp. 330.

Stone, B. (2008), “Urban Sprawl and Air Quality in Large US Cities”, Jour-
nal of Environmental Management, Vol. 86, pp. 688–698.

Sun & Wind Energy (2009), “Bringing CSP to Distributed Markets”, Octo-
ber 2009, pp. 65-68.

Takehama, A. (2013), “Grid Integration Issues of Renewable Energy in Ja-
pan and Transparency of Grid Data”, 18th REFORM Group Meeting paper, 
29 August 2013, Salzburg, www.polsoz.fu-berlin.de/polwiss/forschung/
systeme/ffu/veranstaltungen/termine/downloads/13_salzburg/ 
Takehama-Salzburg-2013.pdf.

Tata (2013), “Green Telecom Towers – An Attractive Option for Sustain-
able Tomorrow”, Tata Strategic Management Group, Mumbai/Delhi, www.
tsmg.com/download/article/Green%20Telecom%20Towers.pdf.

Tawney, L., et al. (2011), “Two Degrees of Innovation—How to Seize the 
Opportunities in Low-carbon Power”, WRI (World Resources Institute) 
Working Paper, WRI, Washington, DC, www.wri.org/sites/default/files/
two_degrees_of_innovation.pdf.

UN DESA (United Nations Department of Economic and Social Affairs) 
(2012), “World Urbanization Prospects”, The 2011 Revision, United Na-
tions, New York, http://esa.un.org/unup/.

REmap 2030  166

http://elib.uni-stuttgart.de/opus/volltexte/2013/8585/pdf/SchlipfEtAl_EWEA2011_Prospects_of_Optimization_of_Energy_Production_by_LIDAR_Assisted_Control_of_Wind_Turbines.pdf
http://elib.uni-stuttgart.de/opus/volltexte/2013/8585/pdf/SchlipfEtAl_EWEA2011_Prospects_of_Optimization_of_Energy_Production_by_LIDAR_Assisted_Control_of_Wind_Turbines.pdf
http://elib.uni-stuttgart.de/opus/volltexte/2013/8585/pdf/SchlipfEtAl_EWEA2011_Prospects_of_Optimization_of_Energy_Production_by_LIDAR_Assisted_Control_of_Wind_Turbines.pdf
http://www.un.org/wcm/webdav/site/sustainableenergyforall/shared/Documents/SEFA-Action%20Agenda-Final.pdf
http://www.un.org/wcm/webdav/site/sustainableenergyforall/shared/Documents/SEFA-Action%20Agenda-Final.pdf
http://www.un.org/wcm/webdav/site/sustainableenergyforall/shared/Documents/SEFA-Action%20Agenda-Final.pdf
http://www.undp.org/content/undp/en/home/librarypage/environment-energy/climate_change/mitigation/biomass-energy-for-cement-production-opportunities-in-ethiopia.html
http://www.undp.org/content/undp/en/home/librarypage/environment-energy/climate_change/mitigation/biomass-energy-for-cement-production-opportunities-in-ethiopia.html
http://www.undp.org/content/undp/en/home/librarypage/environment-energy/climate_change/mitigation/biomass-energy-for-cement-production-opportunities-in-ethiopia.html
http://www.windpowerengineering.com/design/electrical/drives/hydraulic-drivetrain-turbine-sets-sights-on-offshore-wind
http://www.windpowerengineering.com/design/electrical/drives/hydraulic-drivetrain-turbine-sets-sights-on-offshore-wind
http://www.windpowerengineering.com/design/electrical/drives/hydraulic-drivetrain-turbine-sets-sights-on-offshore-wind
http://www.uu.nl/SiteCollectionImages/IMEW/Copernicus/Reports/PROBIP2009%20Final%20June%202009%20revised%20in%20November%2009.pdf
http://www.uu.nl/SiteCollectionImages/IMEW/Copernicus/Reports/PROBIP2009%20Final%20June%202009%20revised%20in%20November%2009.pdf
http://www.uu.nl/SiteCollectionImages/IMEW/Copernicus/Reports/PROBIP2009%20Final%20June%202009%20revised%20in%20November%2009.pdf
http://www.gastechnology.org/tcbiomass2013/tcb2009/05_tcb2009_Gasification_II.pdf
http://www.gastechnology.org/tcbiomass2013/tcb2009/05_tcb2009_Gasification_II.pdf
http://www.polsoz.fu-berlin.de/polwiss/forschung/systeme/ffu/veranstaltungen/termine/downloads/13_salzburg/Takehama-Salzburg-2013.pdf
http://www.polsoz.fu-berlin.de/polwiss/forschung/systeme/ffu/veranstaltungen/termine/downloads/13_salzburg/Takehama-Salzburg-2013.pdf
http://www.polsoz.fu-berlin.de/polwiss/forschung/systeme/ffu/veranstaltungen/termine/downloads/13_salzburg/Takehama-Salzburg-2013.pdf
http://www.tsmg.com/download/article/Green%20Telecom%20Towers.pdf
http://www.tsmg.com/download/article/Green%20Telecom%20Towers.pdf
http://www.wri.org/sites/default/files/two_degrees_of_innovation.pdf
http://www.wri.org/sites/default/files/two_degrees_of_innovation.pdf
http://esa.un.org/unup


UN GA (United Nations General Assembly) (2012), “Decade of Sustain-
ability for All 2014-2024”, GA/11333 EN/274, United Nations, New York, 
www.un.org/News/Press/docs/2012/ga11333.doc.htm.

UNIDO/ICSHP (United Nations Industrial Development Organization/ 
International Center on Small Hydro Power) (2013), “World Small Hy-
dropower Development Report 2013”, UNIDO/ICSHP, Vienna/Hangzhou, 
www.smallhydroworld.org/fileadmin/user_upload/pdf/WSHPDR_2013_
Final_Report-updated_version.pdf.

UPM (2012), “UPM to Build the World’s First Bio-refinery Producing Wood-
based Biodiesel”, 1 February 2012, Helsinki, www.upm.com/EN/ MEDIA/
All-news/Pages/UPM-to-build-the-world%E2%80%99s-first-biorefinery-
producing-wood-based-biodiesel-001-Wed-01-Feb-2012-10-05.aspx.

US EIA (U.S. Energy Information Administration) (2012), “Biofuels Is-
sues and Trends”, October 2012, US EIA, Washington, DC, www.eia.gov/ 
biofuels/issuestrends/pdf/bit.pdf.

US EIA (2013), “Monthly Biodiesel Production Report”, www.eia.gov/ 
biofuels/biodiesel/production/.

Wang, H. and N. Lutsey (2013), “Long-term Potential for Increased 
Shipping Efficiency through the Adoption of Industrial-leading Prac-
tices”, July 2013, International Council on Clean Transportation, Wash-
ington, DC, www.theicct.org/sites/default/files/publications/ICCT_ 
ShipEfficiency_20130723.pdf.

Weiss, W. (2013), “Potential of Solar Process Heat”, presented at So-
lar Process Heat for Industry conference, 15 March 2013, Brussels, 
www.rhc-platform.org/fileadmin/user_upload/Structure/Solar_Thermal/
Download/130315_Workshop_SPHI_Potential_of_Solar_Process_Heat_-
_W_Weiss.pdf.

WHO (World Health Organization) (2008), The Global Burden of Disease: 
2004 Update, WHO, Geneva, www.who.int/healthinfo/global_burden_
disease/GBD_report_2004update_full.pdf?ua=1.

WHO (2014), “Global Health Estimates, Health Statistics and Informa-
tion Systems”, WHO, Geneva, www.who.int/healthinfo/global_burden_ 
disease/en/.

Winkler, H., et al. (2006), “Policies and Scenarios for Cape Town’s Energy 
Future: Options for Sustainable City Energy Development”, Journal of 
Energy in Southern Africa, Vol. 17, No. 1, pp 28-41.

Wood Markets (2013), Wood Pellet Market Outlook, February 2013, 
Vancouver, www.woodmarkets.com/wp-content/ uploads/2014/02/WMM-
Feb13.pdf.

World Bank (2013a), “SE4All Global Tracking Framework”, May 2013, 
World Bank, Washington, DC, www.worldbank.org/en/topic/energy/ 
publication/Global-Tracking-Framework-Report.

World Bank (2013b), “Population Projections”, World Bank, Washington, 
DC, http://go.worldbank.org/H4UN4D5KI0.

World Bank (2013c), “GDP per capita, PPP (current international $)”, 
World Bank, Washington, DC, http://data.worldbank.org/indicator/
NY.GDP.PCAP.PP.CD.

World Bank (2013d), Toward a Sustainable Energy Future for All: Direc-
tions for the World Bank Group’s Energy Sector, World Bank, Washington, 
DC.

WWF (World Wide Fund for Nature), Ecofys and OMA (Office for Met-
ropolitan Architecture) (2011), “The Energy Report: 100 Percent Renew-
able Energy by 2050”, WWF, Gland, http://assets.panda.org/downloads/
the_energy_report_lowres_111110.pdf.

Yue, E. (2013), “China’s Electric Vehicle Development Failing to Meet 
Ambitious Targets”, 3 July 2013, ReVolt blog, Worldwatch Insitute, http://
blogs.worldwatch.org/revolt/chinas-electric-vehicle-development-failing-
to-meet-ambitious-targets/.

REmap 2030  167

http://www.un.org/News/Press/docs/2012/ga11333.doc.htm
http://www.smallhydroworld.org/fileadmin/user_upload/pdf/WSHPDR_2013_Final_Report-updated_version.pdf
http://www.smallhydroworld.org/fileadmin/user_upload/pdf/WSHPDR_2013_Final_Report-updated_version.pdf
http://www.upm.com/EN/MEDIA/All-news/Pages/UPM-to-build-the-world%E2%80%99s-first-biorefinery-producing-wood-based-biodiesel-001-Wed-01-Feb-2012-10-05.aspx
http://www.upm.com/EN/MEDIA/All-news/Pages/UPM-to-build-the-world%E2%80%99s-first-biorefinery-producing-wood-based-biodiesel-001-Wed-01-Feb-2012-10-05.aspx
http://www.upm.com/EN/MEDIA/All-news/Pages/UPM-to-build-the-world%E2%80%99s-first-biorefinery-producing-wood-based-biodiesel-001-Wed-01-Feb-2012-10-05.aspx
http://www.eia.gov/biofuels/issuestrends/pdf/bit.pdf
http://www.eia.gov/biofuels/issuestrends/pdf/bit.pdf
http://www.eia.gov/biofuels/biodiesel/production
http://www.eia.gov/biofuels/biodiesel/production
http://www.theicct.org/sites/default/files/publications/ICCT_ShipEfficiency_20130723.pdf
http://www.theicct.org/sites/default/files/publications/ICCT_ShipEfficiency_20130723.pdf
http://www.rhc-platform.org/fileadmin/user_upload/Structure/Solar_Thermal/Download/130315_Workshop_SPHI_Potential_of_Solar_Process_Heat_-_W_Weiss.pdf
http://www.rhc-platform.org/fileadmin/user_upload/Structure/Solar_Thermal/Download/130315_Workshop_SPHI_Potential_of_Solar_Process_Heat_-_W_Weiss.pdf
http://www.rhc-platform.org/fileadmin/user_upload/Structure/Solar_Thermal/Download/130315_Workshop_SPHI_Potential_of_Solar_Process_Heat_-_W_Weiss.pdf
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf?ua=1
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf?ua=1
http://www.who.int/healthinfo/global_burden_disease/en
http://www.who.int/healthinfo/global_burden_disease/en
http://www.woodmarkets.com/wp-content/uploads/2014/02/WMM-Feb13.pdf
http://www.woodmarkets.com/wp-content/uploads/2014/02/WMM-Feb13.pdf
http://www.worldbank.org/en/topic/energy/publication/Global-Tracking-Framework-Report
http://www.worldbank.org/en/topic/energy/publication/Global-Tracking-Framework-Report
http://go.worldbank.org/H4UN4D5KI0
http://data.worldbank.org/indicator/NY.GDP.PCAP.PP.CD
http://data.worldbank.org/indicator/NY.GDP.PCAP.PP.CD
http://assets.panda.org/downloads/the_energy_report_lowres_111110.pdf
http://assets.panda.org/downloads/the_energy_report_lowres_111110.pdf
http://blogs.worldwatch.org/revolt/chinas-electric-vehicle-development-failing-to-meet-ambitious-targets
http://blogs.worldwatch.org/revolt/chinas-electric-vehicle-development-failing-to-meet-ambitious-targets
http://blogs.worldwatch.org/revolt/chinas-electric-vehicle-development-failing-to-meet-ambitious-targets


BEV battery-electric vehicle

BNDES Brazilian Development Bank

CAGR compound annual growth rate
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CCS carbon capture and storage
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CIS Commonwealth of Independent States
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CO2 carbon dioxide
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CSP concentrated solar power
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ETH Technical University of Zurich
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EV electric vehicle

GCC Gulf Cooperation Council
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IEA-ETSAP  Energy Technology Systems Analysis Programme of the 
IEA
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MWe megawatt-electric
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PM particulate matter
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RD&D research, development and deployment
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SE4ALL Sustainable Energy for All
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SME small and medium-sized enterprise

SNG synthetic natural gas

SO2 sulphur dioxide

TFC total final consumption

TFEC total final energy consumption

TJ terajoule

TPES total primary energy supply

TWh  terawatt-hour

UAE United Arab Emirates

UK United Kingdom

UN United Nations

UNFCCC United Nations Framework Convention on Climate 
Change

US United States

USD U.S. dollars

VAT value-added tax

VOC volatile organic compound

WACC weighted average cost of capital

WBA World Bioenergy Association

WEO International Energy Agency’s World Energy Outlook 
report

WHO World Health Organization

WWF World Wide Fund for Nature

REmap 2030  170



Exajoule: One quintillion (1018) joules.

Final energy: Energy in the form that it reaches consumers (such as elec-
tricity from a wall socket).

Gigajoule: One billion (109) joules.

Gigatonne: One billion (109) tonnes.

Gigawatt: One billion (109) watts.

Joule: A unit of measurement for energy, equivalent to one watt of power 
for one second.

Megawatt: One million (106) watts.

Petajoule: One quadrillion (1015) joules.

Primary energy: A source of energy before any conversion has taken 
place, such as crude oil and lumps of coal.

Reference Case: In this study, the business-as-usual case under current 
policies and governmental plans.

REmap 2030: The name of this study and the collective outcome of the 
Reference Case and REmap Options.

REmap Options: The additional growth of renewables on top of the Ref-
erence Case.

RE+ Options: The additional growth potential on top of REmap 2030.

GLOSSARY

SE4ALL: Sustainable Energy for All, the UN Secretary General’s initiative 
for global access to sustainable energy.

Terawatt-hour: One trillion (1012) watt-hours.
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REmap 2030

The world can double the share of renewables in its energy use by 2030. REmap 2030, a renewable energy roadmap, is the first study 
of global renewable energy potential to be based on data from official governmental sources. Prepared by the International Renewable 
Energy Agency (IRENA) in consultation with governments and other stakeholders worldwide, the roadmap encompasses 26 countries 
representing three-quarters of current energy demand. In determining the potential to scale up renewables, the study not only focuses 
on technologies, but also on the availability of financing, political will, skills, and the role of planning. 

The study finds that doubling of the share of renewable energy in total final energy consumption by 2030 would be nearly cost-neutral. 
When external costs that can be avoided by replacing conventional energy are taken into account, this ambitious transition even results 
in cost savings.

Nor is the proposed doubling an absolute limit; the world can increase the share of renewables much further, but policymakers need to 
make preparations for this long-term transition today. This has to start by providing investors in the sector with clear guidelines for the 
transition to a future driven by renewable energy.

This REmap 2030 report presents a comprehensive summary of its findings, while directing readers to the REmap 2030 web portal 
(www.irena.org/remap), which presents extensive background documents. The study will continue to be updated in the years to come, 
as new countries join the process and as the data for all REmap countries becomes available.

www.irena.org
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