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~FOreword

Renewable energy fechnologies have experienced rapid deployment over the past few years, mainly driven by
the ambition fo improve energy security, enhance energy access and mitigate climate change. Many countries
are now exploring ways o stimulate social and economic growth fhrough the development of the renewable
energy secfor. Investment in renewable energy can generate new sources of growth, increase income, improve
frade balances, confribufe fo industrial development and create jobs. While such socio-economic benefits are
increasingly gaining prominence in the global renewable energy debate, specific analytical work and empirical
evidence on this important subject remain relatively limited.

The Socio-economic Benefits of Solar and Wind: an econValue report bridges the knowledge gap with a holistic
analysis of the environmental, social and economic value created from large-scale solar and wind energy de-
ployment. In doing so, it offers a new conceptual framework in support of ongoing analytical work conducted
by IRENA and ofher partners in the Clean Energy Ministerial with a view fo reinforcing the economic and business
case for renewable energy.

The report highlights the significant potential for value creation along the different segments of the value chain
for solar and wind fechnologies, including project planning, manufacturing, installation, grid connection, opera-
fion and maintenance and decommissioning. Additional opportunities for value creation arise from supporfing
activities, such as education and fraining, financing and policy making. To benefit fully from the socio-economic
impacts of renewable energy, the right mix of cross-sectoral policies, covering deployment and industrial policies,
is needed. Building a domestic renewable energy industry requires stimulating investments, strengfhening firm-
level capabilities, promoting education and fraining, and encouraging research and innovation.

The country case studies presented here demonstrate that there is no one-size-fits-all policy solution to maximise
value creation, and that successful policy making requires close coordination and engagement of diverse sfake-
holders. The report underlines the need for sound quantitative analysis of expected socio-economic effects in
order fo enable informed policy choices. It presents different tools available for such estimations, gives guidance
for selecting the most appropriate among them, and emphasises the importance of comprehensive data for
such analysis.

I am confident that the findings in this sfudy will further stfrengthen the business case for renewables, as well as
provide a valuable reference point in discussions on value-creation opporfunities. The recommendations of the
report can confribute to policy design and implementation that maximise socio-economic benefits from the
fransition fo a sustainable energy future.

Adnan Z. Amin
Director - General of Infernafional Renewable Energy Agency






Conrents

SUMMARY FOR POLICY MAKERS
ABOUT THE REPORT
1. ANALYSING SOCIO-ECONOMIC VALUE CREATION
1.1 Conceptual framework for analysis
1.2 Measuring value creation
1.3 Variables for future analysis
1.4 Conclusions
2. ENABLING SOCIO-ECONOMIC VALUE CREATION
2.1 Deployment policies
2.2 Local content requirements
2.3 Investment promotion and technology transfer
2.4 Strengthening firm-level capabilities
2.5 Education and fraining
2.6 Research and innovation
2.7 Conclusions
3. MEASURING SOCIO-ECONOMIC VALUE CREATION
3.1 Selection process
3.2 Overview of methods
3.3 Conclusions
KEY RECOMMENDATIONS
REFERENCES



6

List of Figures

FicUre 1.1 CONCEPTUAL FRAMEWORK FOR ANALYSING THE SOCIO-ECONOMIC EFFECTS OF LARGE-SCALE RENEWABLE ENERGY
DEPLOYMENT

FIGURE 1.2 SYSTEM OF NATIONAL ACCOUNTS AND THREE DIFFERENT APPROACHES FOR ESTIMATING GDP

FiGure 1.3 LIFE CYCLE PHASES AND RELATED SUB-PROCESSES AND PRODUCTS OF WIND AND SOLAR ENERGY TECHNOLOGIES
FIGURE 1.4 TYPICAL SEGMENTS OF THE RENEWABLE ENERGY VALUE CHAIN

FiGUrRe 2.1 FDI DETERMINANTS FOR RENEWABLE ENERGY EQUIPMENT MANUFACTURING

FIGURE 3.1 SELECTION OF AN ASSESSMENT TOOL

FIGURE 3.2 CLASSIFICATION OF IMPACT ASSESSMENTS BY INCREASING SOPHISTICATION

FiGURE 3.3 IMEASURING NET IMPACTS AS THE DIFFERENCE BETWEEN AN ADVANCED RET SCENARIO AND A REFERENCE SCENARIO

List of Tables

TaBLE 1.1 RECEIPTS, COSTS, AND VALUE ADDED OF A PV MODULE AND ITS COMPONENTS

TABLE 1.2 RATIO OF INDIRECT OVER DIRECT EMPLOYMENT IN RENEWABLE ENERGY TECHNOLOGIES IN SELECTED COUNTRIES
TaBLE 1.3 STRENGTHS AND WEAKNESSES OF THE KEY VARIABLES ANALYSED (VALUE ADDED, GDP, WELFARE AND EMPLOYMENT)
TABLE 1.4 EMPLOYMENT FACTORS FOR WIND, PV AND CSP TECHNOLOGIES

TABLE 1.5 POTENTIAL DOMESTIC VALUE CREATION DEPENDING ON THE STAGE OF INDUSTRY DEVELOPMENT

TABLE 1.6 ADVANTAGES AND DISADVANTAGES OF INVOLVING LOCAL ACTORS FROM AN RET INVESTOR'S PERSPECTIVE
TaBLE 2.1 NUMBER OF COUNTRIES ENACTING SPECIFIC RENEWABLE ENERGY SUPPORT POLICIES AS OF EARLY 2014

TABLE 2.2 LOCAL CONTENT REQUIREMENTS BY RET

TaABLE 2.3 INNOVATION FUNCTIONS AND EXAMPLES OF POLICY TOOLS

TABLE 2.4 ELEMENTS OF AN ENVIRONMENT THAT SUPPORTS RESEARCH AND DEVELOPMENT

TaBLE 3.1 RANGES OF EMPLOYMENT FACTORS BY TECHNOLOGY

TABLE 3.2 EXAMPLE FOR DERIVING LOCAL EMPLOYMENT FACTORS IN INDIA

TaBLE 3.3 COMPARISON OF GROSS METHODS

TaBLE 3.4 OVERVIEW OF SELECTED TOOLS FOR GROSS RENEWABLE ENERGY IMPACT ASSESSMENT

TaBLE 3.5 COMPARISON OF NET ANALYSIS METHODS

TABLE 3.6 OVERVIEW OF SELECTED TOOLS FOR NET RENEWABLE ENERGY IMPACT ASSESSMENT

TaBLE 3.7 METHODS CATEGORISED BY THEIR MODEL CHARACTERISTICS

The Socio-economic Benefits of Solar and Wind Energy

24
29
30
58
80
82
89

27
27
35
39

47
53
/3
74
83
83
87
88
92
3
@4



LisT of Boxes

Box 1.1
Box 1.2
Box 1.3
Box 1.4
Box 1.5
Box 1.6
Box 1.7
Box 1.8
Box 1.9
Box 1.10
Box 1.11
Box 1.12
Box 1.13
Box 2.1
Box 2.2
Box 2.3
Box 2.4
Box 2.5
Box 2.6

Box 2.7

Box 2.8

Box 2.9

Box 2.10
Box 2.11
Box 2.12
Box 2.13
Box 2.14
Box 2.15
Box 2.16
Box 2.17
Box 2.18
Box 2.19

Box 2.20
Box 3.1
Box 3.2
Box 3.3
Box 3.4
Box 3.5
Box 3.6

CONCEPTUAL FRAMEWORK FOR ASSESSING VALUE CREATION IN THE CONTEXT OF ENERGY ACCESS

EXPECTED IMPACT ON GDP OF RENEWABLE ENERGY DEPLOYMENT IN MEXICO AND JAPAN

DIFFERENT APPROACHES TO CALCULATE GDP

GDP LMITATIONS AND ALTERNATIVE WELFARE MEASURES

POTENTIAL FOR JOB CREATION FROM RENEWABLE ENERGY IN INDIA, JAPAN, MEXICO AND SOUTH AFRICA

EMPLOYMENT IN MANUFACTURING OF SOLAR PV AND WIND COMPONENTS
WIND ENERGY MANUFACTURING IN INDIA

SOLAR MANUFACTURING ACTIVITIES IN MALAYSIA

RENEWABLE ENERGY POLICY IN MALAYSIA

FINANCING OF RENEWABLE ENERGY PROJECTS IN MIEXICO

EpucATION AND TRAINING INITIATIVES IN ECOWAS

RESEARCH AND DEVELOPMENT INITIATIVES IN ECOWAS

CommuNITY OWNERSHIP

THE IMPACT OF POLICY DESIGN ON THE DEVELOPMENT OF THE U.K.AND EUROPEAN WIND INDUSTRIES IN THE 1990s

Boom-BUST CYCLES IN SOLAR PV
MEXICO'S STRATEGY TO DEPLOY RENEWABLE ENERGY
DESIGN CHARACTERISTICS OF AUCTIONS IN SOUTH AFRICA

ExpPeriENCES WiTH LCRs IN INDIA

22
23
24
25
26
31
32
33
36
36
37
38
42
49
50
5]
52
55

INTERACTION BETWEEN INTERNATIONAL DONORS, NATIONAL GOVERNMENTS AND PRIVATE SECTOR INVESTMENTS TO SUPPORT

RENEWABLE ENERGY PROJECTS IN MOROCCO

STRATEGIC INVESTMENT POLICY IN CosTA RicaA

INVESTMENT PROMOTION AND FACILITATION IN TUNISIA AND MoOROCCO
TECHNOLOGY TRANSFER IN THE WIND ENERGY SECTOR IN EGYPT

ENSURING TECHNOLOGY TRANSFER THROUGH JOINT VENTURES IN TURKEY
TECHNOLOGY TRANSFER IN MIOROCCO'S SOLAR AND WIND ENERGY SECTOR
INDUSTRIAL UPGRADING PROGRAMMES IN MOROCCO

ThE NATIONAL SuppLIERS DEVELOPMENT PROGRAMME IN EGYPT
CALIFORNIA'S SOLAR ENERGY CLUSTER

THe 2005 DezHou SoLar City PLAN

SKILLS TRAINING UNDER MALAYSIA'S NATIONAL RENEWABLE ENERGY PoLicy AND ACTION PLAN
HanDBOOK AND TOOLBOX FOR CAPACITY DEVELOPMENT NEEDS DIAGNOSTICS FOR RENEwABLE ENERGY (CADRE)
CAPACITY DEVELOPMENT THROUGH REGIONAL PUBLIC CO-OPERATION IN THE IMEDITERRANEAN REGION

ACHIEVING VALUE CREATION BY MAINSTREAMING R&D AND INNOVATION POLICY AND FOCUSSING ON PUBLIC AND

PRIVATE SECTOR CO-OPERATION: THE CASE OF MIALAYSIA
THE FRAUNHOFER SOCIETY

RELEVANT LITERATURE

Key DEFINITIONS

DEALING WITH DATA AVAILABILITY

Tool exampLE: JEDI

TooL exampLe: WEBEE

TooL exampLE: EBME

57
58
59
ol
02
63
o4
65
66
o/
o9
o9
71

/3
/6
/9
79
82
85
86
92



8

ACIONYMS

AMDI

ANPME

BIPV
BNDES

CaDRE
CSP
E&E
ECOWAS
ECREEE
EF

EU

EUR
FIPA

FiT

FTE
GDP
Glz

GTAP
GW
GWEC
GWh
FDI

Agence Marocaine de Développement des Investissements (Moroccan Investment
Development Agency)

Agence Nationale pour la Promotion de la Petite ef Moyenne Enfreprise (Moroccan
Agency for the Promotion of Small and Medium-size Enfreprises)
Building-Integrated Solar PV

Banco Nacional de Desenvolvimento Economico e Social (Brazilion Development
Bank)

Capacity Development Needs Diagnostics for Renewable Energy

Concentrated solar power

Electrical and Electronics

Economic Community of West African States

ECOWAS Centre for Renewable Energy and Energy Efficiency

Employment factor

European Union

Euro

Tunisian Foreign Investment Promotion Agency

Feed-in fariff

Full-ime equivalent

Gross Domestic Product

Deufsche Gesellschaft fur Infernationale Zusammenarbeit (German Agency for
Infernational Cooperation)

Global Trade Analysis Project

Gigawatt

Global Wind Energy Council

Gigawatt-hour

Foreign direct investment

The Socio-economic Benefits of Solar and Wind Energy



IDAE

[EA
ILO
-0
IRENA
JEDI
LCR
MENA
MNRE
MW
MWh
NSDP
NSM
OECD
0&M
PPP
PV
R&D
RE
RET
RPS
SAM
SME
SWEG
usb

Instituto para la Diversificacion y Ahorro de la Energia (Insfitute for the
Diversification and Saving of Energy)
Infernational Energy Agency

Internafional Labour Organization
INput-Output

Internatfional Renewable Energy Agency
Jobs Economic Development Impacts

Local confent requirerment

Middle East and North Africa

Ministry of New and Renewable Energy
Megawatt

Megawatt-hour

National Suppliers Development Programme
National Solar Mission

Organisation for Economic Co-operation and Development
Operations and mainfenance

Public-privafe parfnerships

Photovoltaic

Research and development

Renewable energy

Renewable energy technology

Renewable porffolio sfandard

Social Accounting Maftrices

Small and medium-sized enterprise

Sewedy Wind Energy

U.S. dollar



summary for policy makers

Unveiling the value creation potential of renewable energy

Socio-economic benefits are gaining prominence as a key driver for renewable energy deployment. With many
economies faced with low growth, policy makers see potfential for increased income, improved frade balance,
contribution fo industrial development and job creation. However, analytical work and empirical evidence on these
fopics remain relafively limited.

In an effort fo contribute to this field of knowledge, this report presents a conceptual framework for analysing
the socio-economic effects of large-scale renewable energy deployment. The proposed framework is adapfed
from the existing literature and aims fo understand the social, economic and environmental value that can
e created from renewables. For analytical purposes, it classifies socio-economic effects as: macroeconomic,
distrioutional, energy system-related and ofher cross-sectoral (additional). This analysis focuses on one category
of effects, namely macroeconomic, within which four variobles are addressed - value added, gross domestic
product, welfare and employment.

CONCEPTUAL FRAMEWORK FOR ANALYSING THE SOCIO-ECONOMIC EFFECTS OF LARGE-SCALE RENEWABLE ENERGY DEPLOYMENT

Socio-economic effects of
large-scale renewable energy

Macroeconomic Distributional Energy system-related Additional
effects effects effects effects

Gross : : :

Variables analysed in Variables for future Variables for future Variables for future
this report: analysis: analysis: analysis:
Value added Types of owners Additional generation » Risk reduction
Gross domestic Regional distribution and balancing costs » Others
product Impacts across Additional grid and
Welfare energy consumers transaction costs
Employment and tax payers Externalities

Variables for future

analysis:

» Trade balance
(including trade in
energy products,
domestic production
and trade in
equipment).

Source: Adapted from Fraunhofer ISl et al., 2012, BMU, 2013a

Socio-economic effects can be measured along the different segments of the value chain, including project
planning, manufacturing, installation, grid connection, operation and maintenance and decommissioning.
Further opportunities for value creation exist in the supporting processes such as policy-making, financial services,
education, research and development and consulfing.

10 The Socio-economic Benefits of Solar and Wind Energy



TYPICAL SEGMENTS OF THE RENEWABLE ENERGY VALUE CHAIN

Segment of . : . . Grid Operation De-
Value Chain Project Planning Manufacturing Installation Main?gr?once commissioning

Policy Making

) Financial Services
Supporting

Processes Education
Research & Development

Consulting

Source: Adapted from MWGSW, 201 1.

In the planning segment, value is mostly created by the engagement of specialised individuals and companies
fo conduct resource assessments, feasibility studies, project designs, legal activities, etc. While planning for wind
energy projects is usually undertaken by developers, there is potential for a greater number of companies or con-
sulfancies 1o e involved for concentrated solar power plants, which includes many steps, such as basic scoping,
concept engineering and geographical defermination.

Value can be creatfed in each step of manufacturing, from the sourcing of raw materials, to component
manufacturing and assembly. For wind technology, value can be created from the manufacturing of sub-
components such as rotorblades, fowers and nacelles. For phofovolfaic plants, value is created in the dif-
ferent steps from the production of silicon to manufacturing modules and in the additional components
such as inverters, mounting systems, combiner boxes, efc. Manufacturing concentrated solar power plant
components, such as mirrors, receivers and power blocks, involves different industry sectors, with varying
potential for local value creation. Concentrated solar power technology components such as bent glass
for the parabolic mirror need fo be produced by highly specialised manufacturers. Hence, the potfential
for value creation in this sector is not applicable fo all markefs and differs according to the concentrated
solar power technology chosen. For instance, a large portion of the components of a cenfral fower can be
manufactured locally (Morocco), compared fo a parabolic frough which is highly specialised. The presence
of other industries with similar processes can facilifate the development of a local solar and wind industry;
the steel or the aufomotive industry for wind, semi-conductor for photovoltaic, glass for concentrated solar
power, efc.

The value created in the installation phase arises mostly from labour-intensive activities involving civil engineering
infrasfructure works and assembling of wind or solar plants. These are fypically carried out by local engineering,
procurement and construction companies, thereby creating value domestically. However, if the equipment is
imported, manufacturers can be responsible for installation activities. In the specific case of the wind industry,
growing deployment can lead to the development of a specialised segment within the local logistical services
industry for fransporting wind furbine components, thereby creatfing value.

The grid connection sfage involves highly skilled grid operators responsible for infegrating renewable generatfion
as well as local companies to undertake infrastructure development necessary fo facilitate grid connection. For
instance, grid connection of wind farms consists of cabling work within the wind farm itself (loetween turbines) as
well as connecting the farm o the grid. Moreover, development and upgrading of grid infrasfructure fo integrate
renewables can contribute fo broader value creation in terms of improving the reliability of electricity supply and
facilitating energy access.



Operation and maintenance is a long-term activity that offers opportunifies for domestic value creafion, regard-
less of a country’s local renewable energy fechnology manufacturing capabilities. Wind and solar plants require
personnel for operation and maintenance activities such as regular plant monitoring, equipment inspections and
repair services, thus creating long-term jolos.

Decommissioning of renewable energy plants af the end of their lifespan can comprise recycling as well as disposal
or reselling of components, Value is created in related recycling industries, demolition activities, and refurbishing of
equipment for sale to other markets. This phase will increase in importance as renewable energy plants reach the
end of their lifespan.

The potential for creating value domestically depends to a large extent on the level of development of a coun-
fry’s renewable energy sector. Countries af the beginning of renewable energy development have a medium fo
high potential for domestic value creation in activities such as operafion and maintenance and grid connection.
With the development of a local industfry, many more opportunifies for domestic value creation arise along all
segmenits of the value chain and along supporting services such as research and development and consulfing.

POTENTIAL DOMESTIC VALUE CREATION DEPENDING ON THE STAGE OF INDUSTRY DEVELOPMENT

STAGE OF DEVELOPMENT

POTENTIAL FOR DOMESTIC FIRST PROJECTS MANY PROJECTS

VALUE CREATION BEGINNING OF WIND & SOLAR REALISED, LOCAL REALISED, NATIONAL
ENERGY DEVELOPMENT INDUSTRIES SUITABLE FOR WIND/SOLAR INDUSTRY
PARTICIPATING DEVELOPING

Project planning Low Medium High
Manufacturing Low Medium Medium/High
Installation Low Medium High
Grid connection High High High
Operation & mainfenance Medium High High
Decommissioning Low Low Medium
Policy-making High High High
Financial services Low/Medium Medium High
Education and training Low/Medium Medium Medium/High
Research & developrment Low Low/Medium Medium
Consulfing Low Low Medium

Source. based on MWGSW, 2011

Policy instruments to maximise value creation

A broad range of cross-cutting policy instruments influence value creation from the deployment of large-scale
solar and wind energy. These policies can stimulate deployment and aim at building a domestic industry by
encouraging investment and fechnology fransfer, strengthening firm-level capabilities, promoting education and
fraining, as well as research and innovation. Maximising value creation requires the right policy mix, which is cross-
cutting and failored fo country-specific conditions. Turkey is an inferesting case in point in the policy mix it has
implemented. The mix includes deployment policies (feed-in tariff), local content requirements and strengthening
firm-level capabilities (through industrial upgrading programmes and the promaotion of joint ventures) that work
fogether to maximise local value creation. Close coordination and engagement of stakeholders from different
secfors is key for the success of both policy-making and policy implementation.

12 The Socio-economic Benefits of Solar and Wind Energy



Deployment policies enable investment in the sector and impact value creation with varying intensity along
the different segments of the value chain. Such policies are most successful when they fosfer the sfable and
long-ferm market development of solar and wind energy tfechnologies while, af the same time, adapfing to
dynamic technological and market developments. The impact on value creation depends on the type and
design of the policy. For instfance, some deployment policies, such as fax reductions, can enable value creation
in installation, operation and maintenance while ofhers, such as auctions, can also creatfe value in manufactur-
ing, especially when they are designed fo include local content requirements.

Local content requirements can be used o support the development of a nascent domestic industry, create
employment and promote technology transfer. Specific socio-economic benefits in line with natfional priorities
can be fargefed through the design of local confent requirements. In South Africa, for instance, the renewable
energy auction scheme was designed fo promote jolb creation, enterprise development and empowerment of
marginalised social groups and local communities. Generally, it is essential to consider existing areas of expertise
in the design of local confent requirements and link them closely o a learmning-by-doing process. To ensure the
ful-ledged development of an infant industry, local content requirernent should be time-bound and accompao-
nied by measures that facilifate financing of the industry, the creatfion of a strong domestic supply chain and a
skilled workforce.

International financial cooperation is increasingly relevant for value creation in developing solar and
wind energy projects and manufacturing facilities. Investment promotion mechanisms can be adopted fo
overcome existing financing barriers and to atftract investors, both domestic and foreign. For the latter, these
mechanisms can facilifate investment in the form of official development aid or through foreign direct in-
vestment. Aside from employment creation and the development of new sectors, foreign direct investment
may also confributfe fo fechnology fransfer through business linkages such as joint ventures, parfnerships and
consortiums or research collaborafion. For insfance, the El-Sewedy Group, with financial support from fhe
Furopean Union, began exploring pofential avenues for entry info the renewable energy sector in Egypt. This
resulted in the creation of the Sewedy Wind Energy Group, a fower manufacturing facility in Cairo, through a
joint venfure agreement with the German wind tower manufacturer SIAG Schaaf Industries AG. The group also
acquired a stake in the Spanish company M.Torres Olvega’s as a way of obfaining the know-how fo domesti-
cally manufacture wind turbines, thereby also confribufing fo the development of the domestic wind energy
industry.

Enhancing domestic firm-level capabilities can boost the development of local industries. Cross-cutting policy
inferventions, such as industrial upgrading programmes, supplier development programmes and the develop-
ment of industrial clusters, can confribufe fo increased competitiveness. In Morocco, for instance, industrial
upgrading programmes have been established with the overall objective of increasing exports and creating
jobs. The programmes enable the modernisation of small and medium entferprises by providing financial sup-
port, as well as consulfing services on strafeqy, marketing and training aspects. This is infended to strengthen
firms” capabilities by enhancing their business skills related fo the production process, procurement, design and
research and development. Thus far, the prograrmmes have benefited over 3 000 companies.

Research and innovation in solar and wind energy technologies can also contribute to value creation.
The value created is the knowledge that can lead fo tfechnological breakthroughs, improvements of
products and services, and increasing the applicability of fechnologies fo local conditions. These can
accelerate deployment and reduce costs, thereby supporting further value creatfion. It should be noted,
however, That increased labour productivity and mechanisation can have a negative net effect on local
value creation. In general, close coordination between industry, consumers and research instifutions is
necessary fo maximise value creatfion from research and innovation. For example, the Fraunhofer Institute
for Solar Energy Systems has achieved several successes in solar research (e.g., high efficiency values for
cells or inverters, first quinfuple-junction solar cell, efc) and currently employs about T 300 researchers.
Since its foundation, several spin-offs have been established, such as production of concenfrators and
water freatment with solar energy.



Education and training in renewable energy generate value by providing the skills necessary fo support the
development of the industry. Policies and measures that farget the development of skills, including financing for
renewable energy education and training, the inclusion of renewable energy in educational programmes and
strafegic planning fo meet skill needs are key for creating value. Adequate planning for the education sector that
iNnfegrates education and fraining policies within national renewable energy strafegies has proven 1o be essential.
Malaysia’s Natfional Renewable Energy Policy and Action Plan, for example, includes support policies for education
and fraining that incorporate renewable energy info fechnical and tertiary curricula, develop training instfitutes and
centres of excellence and provide dedicated financial support. These policies should be accompanied by confinu-
ous collaboration between industry and policy makers from the energy and education sectors.

There is no one-size-fits-all policy solution to maximise value creation - the right policy mix requires close coordina-
fion and engagement of key stakeholders involved in the design and implementation of relevant policies. Factors
that should be considered while formulating long-ferm strafegies for the solar and wind energy sectors include the
stage of renewable energy and industrial development; the general business environment and country competitive-
ness as well as the dynamics of regional and glolbal markets for wind and solar energy components and services.

Methods and tools to assess value creation

Sound quantitative analysis of the expected socio-economic effects of solar and wind energy deployment
is essential to enable informed policy choices. Such an analysis helps to monifor policy effectiveness and fo
communicate benefits to the public at large with reliable facts and figures. The implementation of policies without
analysing their full economic effects can pose significant risks on countries’ medium-ferm economic sustainability
and associated policy stability.

The quantitative assessment of the socio-economic impacts of solar and wind energy deployment is a complex
but valuable endeavour. The required information is seldom captured in standard national stafistics due fo the
cross-cutting and relatively new nature of the sector. Countries need fo provide financial resources for data collec-
flon and institutional copacities fo handle the data.

The selection of the most appropriate tool for the assessment includes several steps. The first step is defining the
variables fo be assessed (employment, GDP, efc.) along with their characteristics (gross or net; regional, national
or sup-national; obtained by optimisation or by simulation, etc)). The second step is to select a tool that generates
the required outputs. The third step is to assess if the necessary inputs are available in terms of resources (expertise,
fime and money) and data.

KEY RECOMMENDATIONS

The findings of this report indicafe that in designing and implementing policies fo maximise value creation, policy-
makers may consider:

Analysing socio-economic value creation of renewable energy

»  Assessing the impact of solar and wind energy deployment on value creation is critical for making informed
policy decisions. Value creation can be measured by macroeconomic variables such as value added, gross
domestic product, welfare and employment. Given the cross-sectoral nafure of the renewable energy industry,
fhe analysis should be conducted along the different segmenits of the value chain.

»  Policy makers should pursue value creatfion depending on local conditions and the stage of renewable energy

deployment. In each segment of the value chain of wind and solar energy projects (including project plan-
ning, manufacturing, installation, grid connection, operation and maintenance and decommissioning) value
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is created by different industries in the delivery of the respective sub-products and sub-processes. Countries
at early stages of development have higher potential for value creafion in activities such as operation and
maintenance, or grid connection. With further developments, many opportunities for domestic value creation
arise in ofher segments of the value chain.

Adopting the right policy mix to maximise value creation

»

»

»

»

»

»

Policies that stimulate deployment and aim at building a domestic industry by encouraging investment and
fechnology transfer, strengthening capabilities, promoting education and fraining, as well as research and
innovation greatly affect value creation. It is, therefore, important that policy makers develop an appropriate
mix of policies tailored to country conditions and priorifies,

Close coordination and engagement of stakeholders from different sectors is key for the success of both
policy-maoking and policy implementation. Policies should lbe designed as part of a holistic framework that is
consistent with and supports a well-defined national strategy. In addition, a predictable long-ferm policy frame-
work for renewable energy market development is necessary fo ensure stability in the value generated through
deployment.

Policy choices aimed af developing a domestic industry need to be failored fo countries” particular sfrengths
and weaknesses. For insfance, the design of local content requirements should consider existing areas of ex-
pertise along the different segments of the value chain and be directed at those with the highest development
potential. Such policies should be accompanied by measures fo enhance firm-level capabilities, develop
relevant skills, and advance research and development,

In enhancing firm-level capabilifies to increase the level of competitiveness of domestic firms, policy-
makers may consider measures such as industrial upgrading programmes, supplier development
programmes, and cluster development.

In developing the relevant skills, policy-making should include the identification, anficipation and provision
of adequate education and fraining in the sector. Including renewable energy subjects in existing and new
educational programmes should be encouraged, and financial support fo relevant insfitutions should be
provided. Cooperation and cohesive action beftween the privafe and public sectors, industry associations
and infernational organisations can help ensure the success of such policies.

Policy makers may consider promotfing research and development activities that can help address challenges
faced by local industries and facilifate spin-off products to maximise value creation. To create an enabling
environment for research and innovation, supporting measures can include funding, building competence
and human capital, facilitating knowledge diffusion and developing infrastructure.

Gathering data and estimating value creation

»

»

Many fools can be used to estimate the socio-economic impacts of solar and wind energy deployment,
with different scope and capabilities. The most appropriate tool should be selected based on the specific
socio-economic impact fo be quantified and on human and financial resources available.

Governments need fo systematically collect datfa required for a rigorous esfimation of the value creation
impacts of renewable energy deployment. Data availability can be improved by adding fargefed questions
fo industry and statistical surveys, or by developing case studies. The data should be well defined and col-
lected over a long time series, as well as comply with infernatfional reporfing stondards to ensure comparability
among countries.



ADOUT The report

Purpose. This report presents a comprehensive overview of the opportunities for value creafion from the de-
ployment of large-scale solar and wind energy technologies. It contributes fo bridging the existing knowledge
gap on the fopic and gives policy makers and ofher stakeholders evidence on economic value creation from
the accelerated deployment. The report analyses various policy instruments that stimulate value creatfion and
draws on the experience of developed and emerging countries to provide recommendations on how value
creation can be maximised. Guidance is provided on the selection of the appropriate fools to measure the
SOCio-economic impact.

Target audience. The findings of this report can support policy makers in maximising the value creafed from
developing a domestic renewable energy sector, specifically for solar and wind fechnologies. It is also fargefed
fowards institutions that focus on relafed social and economic issues. The analysis and insights presented in the
report are relevant also fo a broader audience seeking general information on the socio-economic aspects
of renewable energy.

Information sources. The report compiles information from a wide variety of publicly available reports, studies
and databases. The underlying literature review includes publications by government ministries and interna-
fional agencies, industry associations, non-governmental organisations, consultancies and academic institu-
fions. It includes articles published in both prinfed form and online renewable energy journals. Country case
studies were underfaken by IRENA and provide empirical evidence fo support the analysis. Chapter 2 of the
report draws on a study conducted by the [EA Implementing Agreement for Renewable Energy Technology
Deployment (IEA-RETD) on Policy Instruments to Support RE Industrial Value Chain Development.

Technologies covered. This study focuses on large-scale deployment of solar (photovoltaic and concentrated
solar power) and wind energy technologies for electricity generation. However, many aspects discussed in this
report may be equally relevant for other renewable energy technologies.

Analytical framework. This report provides a comprehensive conceptual framework which classifies the socio-
economic effects of renewable energy deployment info four main cafegories fo allow for their systematic
quantification: macroeconomic, distributional, energy sector and other cross-sectoral (additional) effects. The
conceptual framework provides the basis for analysing value creation along the value chain of solar and wind
energy technologies including project planning, manufacturing, installation, operafion and mainfenance
and decommissioning, as well as supporting services (education, research and development, financing and
consulting).
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Variables covered. This report focuses on the macroeconomic effects, specifically value added, gross do-
mestic product, employment and welfare o measure value creation of renewable energy. The ofther aspects
of value creation named above are also addressed, but are not the central focus of this report. They will be
analysed more thoroughly in future IRENA activities.

Limitations. Given the scope of the report, the analysis focuses on electricity-related large-scale installations of
solar and wind energy tfechnologies. The conceptual framework is based on existing literature and on-going
research, and will be further refined. The analysis specifically addresses four macroeconomic variables given
their relevance.

Structure. The report includes three chapfers:

Chapter 1 presents the conceptual framework for analysing value creafion of renewable energy.
It identifies key variables and analyses value creation effects along the solar and wind energy
value chains. The chapter discusses key aspects of value creation opportunities and how they
affect economic growth and employment.

Chapter 2 analyses policies that stimulafe deployment and aim at building a domestic industry by
encouraging investment and tfechnology fransfer, strengthening firm-level capabilities, promofing
education and fraining, as well as research and innovation. The chapter contains policy recom-
mendations on how fo maximise value creation from the deployment of solar and wind energy.

Chapter 3 presents an overview of the different methods that can be used to assess socio-eco-
nomic impacts of renewable energy. It gives guidance on the selection of the most appropriate
fool To assess socio-economic impacts based on human and financial resources available.



“ ANalysing soCIio-eCconomic
Value Creafion

ecent decades have seen an increase in the

large-scale deployment of renewable energy

fechnologies (RET). Key drivers for this expansion
have been energy security, environmental concerns
and energy access. With many economies faced with
low growth, socio-economic benefits have come af
the forefront of the policy-making debate and sfrategic
choices made by countries. Also, many countries still
recovering from economic Crisis see immense opporfu-
nities in the development of a renewable energy sector,
with a pofential fo increase income, improve frade bal-
ance, contribute to industrial development and create
jobs. IRENA's recent report on Renewable Energy and
Project Jobs - Annual Review 2014, estimates that renewable

Planning energy jobs reached 6.5 million in 2013 (IRENA, 20140).
g
Manufacturing B Generally, however, analyfical work and empirical
1 evidence on this important subject remain relatively
Construction & limited. In partficular, it is essential fo understand how
Installation ¢ economic value of renewable energy deployment

can be measured and where value can be created

Grid within different segments of the solar and wind energy
_ Connection value chains. This chapter infroduces a conceptual
. framework for quantifying the socio-economic effects
of renewable energy deployment. It examines some
of the variables that can be used fo assess the po-
fential value creation. Finally, it shows how value can
be created in different segments of the value chain.
Throughout the chapter, selected examples from
counitry case studies are used o better illustrate some
of the concepts.

Section 1.1 defines the concept of socio-economic val-
ue through a lbroad analyfical framework, fo examine
the socio-economic effects (bofh costs and benetifs)
of renewable energy deployment (see Figure 1.1). The
proposed framework identifies the lbroad categories
under which the effects of renewable energy deploy-

ment can be classified. These are: i- macroeconomic

© Copyright JNT Visual
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effects; ii- the distributional effects of changing owner-
ship sfructures; ii- energy system-related effects; and
iv- additional effects such as reduced risks.

Section 12 explores measures of value creafion and
some of the variables that can be used fo measure .
Given the focus on economic value, the report elabo-
rafes on selected variables within the first category of
effects, namely macroeconomic effects. In partficular,
four variables have been chosen - value added, gross
domestic product (GDP), welfare' and employment (vari-
ables analysed in this report). The section then discusses
opporfunities for value creation along the value chain
starfing with a delimitation of what constitutes a renew-
able energy industry. It then analyses domestic value
creation opportunities along the value chains of solar
and wind energy as well as supporting services.

Section 1.3 briefly presents all the other variables (within
the category of macroeconomic effects and ofher
categories) that are not analysed in depth (variables
for future analysis).

1.1 CONCEPTUAL FRAMEWORK FOR
ANALYSIS

From a sustfainable development perspective, the ferm
value creation goes beyond the traditional economic
definifion, fo include a vast array of socio-economic
benefits to society. These include job creation, im-
proved health and education, reduced poverty and
reduced negative environmental impacts.

Conceptualising the socio-economic effects in @
comprehensive and solid framework, where they can
be quantified, aggregated and compared is a com-
plex fask, mostly addressed by cutting-edge research
and analysis. Several of these effects may e hard to
quantify (e.g. improved education) and their analysis
remains therefore largely qualitative. Among those that
can be quantified, some may not have the same units
of measurement, and there is a risk of double count-
ing or overlapping effects. Moreover, The same effects
may be assigned different levels of priority according
fo national goals.

Ficure 1.1 CONCEPTUAL FRAMEWORK FOR ANALYSING THE SOCIO-ECONOMIC EFFECTS OF LARGE-SCALE RENEWABLE ENERGY DEPLOYMENT

Socio-economic effects of
large-scale renewable energy

Distributional
effects

Macroeconomic
effects

Additional
effects

Energy system-related
effects

Gross o : : :

Variables for future
analysis:
Types of owners
Regional distribution
Impacts across
energy consumers
and tax payers

Variables analysed in
this report:
Value added
Gross domestic
product
Welfare
Employment

Variables for future

analysis:

» Trade balance
(including trade in
energy products,
domestic production
and frade in
equipment).

Variables for future
analysis:

» Risk reduction

» Others

Variables for future

analysis:

» Additional generation
and balancing costs

» Additional grid and
transaction costs
Externalities

Note: In this femework, the widely used concept of ‘energy security” or “security of supply”is divided between aspects related purely fo the frade
balance (classified within “‘macroeconomic effects”) and those related fo technical, geopolifical or financial risks (classified within “‘additional

effects”).

Source: Adapted from Fraunhofer ISl et al. 2012; BMU 2013a

In this report, unless otherwise stated, the term “welfare” refers fo what is considered welfare in conventional economics. I is measured as an aggrega-
fion of the utility that consumption or other issues (e.g.. leisure) provide fo a group of people. It is different from more comprehensive (@nd recent)
measures of human welfare, some of them closely linked to sustainable development issues, such as the United Nation Development Programme’s
"Human Development Index” or the "Gross Nafional Happiness Index” (these other welfare indicators are reviewed briefly later in the report).



This chapter follows a conceptual framework similar to
the one adopted by Fraunhofer ISI et al. (2012) and
BMU (20130), which was one of the first attempts to
formulatfe these concepts from a policy-making per-
spective. In if, The socio-economic effects of renew-
able energy deployment are divided info four main
categories”. macroeconomic  effects, distributional
effects, energy system-related effects and additfional
effects, as depicted in Figure 1.1.

Macroeconomic effects

Macroeconomic effects refer 1o the elements fradition-
ally studied within the discipline of macroeconomics,
These effects can be assessed eifher within the re-
newable energy and relafed sectors (gross impacts),
or within the economy as a whole (net impacts) (see
Chapter 3). The macroeconomic effects include the
four key variables analysed in this report: value added,
GDR welfare and employment (see sub-section 1.2.1).
Further macroeconomic variables that will be covered
in future analyses are those associated with frade bal-
ance. Inthe case of renewable energy, it is relafed fo is-
sues such as the trade of energy products, tfrade of RET
equipment, domestic production and ofher related
goods and services (Section 1.3).

Distributional effects

Distributional effects refer fo the allocation of effects
(both benefits and costs) fo different stakeholders
within the energy sector. They can be fiscal but
can also relate fo other aspects such as the fype
of ownership sfructure (even if fiscal instruments
fraditionally have been used with distributional pur-
poses). Distributional effects can occur: i- among
stakeholders within the renewable energy sector
itself (e.g., among types of owners of renewable en-
ergy plants); ii- within the energy sector as a whole
(e.g., distributional effects between renewable and
conventional energy sources and among different
fypes of energy consumers); ii- throughout the
economy af a municipal, sub-national, natfional,
regional or even global level; iv- between different
sefs of agents (e.g., households of different income
levels, firms, governments), or v- more generally
between different generations (e, related to the
infergenerational equity debafe in the framework
of sustainable development).

These distributional effects are positive for the lbenefi-
ciaries and negative for those who have fo bear the

corresponding burden. They have not been analysed
in this sfudy, buf could include the type of owners of
renewable energy plants, regional distribufion and ef-
fects across energy consumers and fax payers.

Energy system-related effects

Energy system-related effects of renewable energy
deployment reflect the additional costs or benefits
compared fo an energy system without renewables.
This category confains the benefits and costs (direct
and indirect) of renewable energy deployment, in-
cluding, the additional generation costs (e.g.. due o
more frequent ramping, which implies more frequent
maintenance), the additional balancing costs (e.g.,
the need for backup capacity), the additional grid
costs (e.g. to accommodate the power generated in
a newly developed offshore wind park), the additional
fransaction costs (e.g., the costs of wind forecasting),
the benefits of reduced energy losses (some of these
effects can also be classified within frade balance
issues) and the benefits of reduced negative environ-
mental externalities®.

Additional effects

Additional effects cover all remaining lbenefifs and costs
that may be associafed with RET deployment. These ef-
fects are not less important than the previous ones, buf
because they can be classified in more than one caf-
egory, they have been grouped info a separate one 1o
minimise double counting. One of the main additional
effects of large-scale renewable energy deployment
is risk reduction. It includes: I- the mitigation of possible
accidents associated with conventional energy sources
(e.g nuclear accidents, oil spills, efc)); ii- the lower fechni-
cal risks associated with a more decentralised energy
systern; and iii- the reduction of geopolitical and finan-
cialrisks associated with energy dependence in import-
iNg countries. The latter risks are usually referred o as
“security of supply” or ‘energy security” in the literature,
Since they include a “trade balance” effect, including
them under "‘macroeconomic effects” would lead to
double counting.

[t should be nofed that the conceptual framework
presented here is nof complefe. However, it is a first step
in providing a comprehensive classificafion of socio-
economic effects of renewable energy deployment in a
modern energy confext. Value creatfion in the context of
energy access follows a different coceptual framework

which is discussed in Box 1.1.
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1.2 MEASURING VALUE CREATION

When analysing the value creation of renewable
energy deployment, the different variables that can
e used and the areas in which value is creafed
need fo be identified. This section firstinfroduces the
four variables pertaining to the macroeconomic ef-
fects addressed in this reporf, namely value added,
GDP. welfare and employment. It then discusses the
opportfunities for value creation along the segme-
ments of the value chain.

1.2.1 The variables analysed in this report

Among fhe four variables selected in this report, wel-
fare is discussed only briefly as empirical analysis on
the fopic is relatively limited.

Value added

Value added refers fo the value of goods and services
produced, less the value of consumption of infermediate
iNnpufs. Here, the value of goods and services is assumed
fo be defermined at market prices. Value added from
The renewable energy sector is considered at the micro,
meso or macro level (IEA-RETD, 2014, forthcoming), as
defined below:

»  Micro: From the perspective of an individual firm,
value added is a firm’s fofal sales less the purchas-
es of materials and services from other firms used
during the production process. The remuneration
fo employees and business owners comes from
the generation of value added.

»  Meso: From the perspective of an entfire industry
(or economic sector), (gross) value added is the
difference between gross output and infermedi-
ate inpufs. It is the industry’s confribution fo GDP
(UN ef al, 2009; Samuelson and Nordhaus, 2010).

»  Macro: From the perspective of the economy as a
whole, summing up the value added of all produc-
iNg economic units yields a country’s GDP, the most
common measure of economic performance.

As a quantifative example of the concept of value
added, Table 11 shows how if could be calculafed af
the meso level, by esfimating the value added in the
photovoltaic (PV) module manufacturing sector. The
analysis assumes that individual companies produce
only one product for each stage of production. The
infermediate products, sold by one company and
pbought by the next one in the supply chain, are poly-
silicon, the silicon wafer, and the solar cell, all of which
are needed for the final product. Af every stage of the
supply chain, the producer generates income from the
sale of product (sales receipt or furnover) and the value
added is obtained from subtracting the cost of inferme-
diate products. The sum leads to a fotal value added in
the complete sector of USD 610 per kW. Notably, most of
the value added pertains fo the assembly stage of the
final product (USD 200 per kW)

Gross domestic product

Anotfher variable studied is GDP, which measures the
overall performance of an economy and is The most
commonly used indicatfor of economic activity at a

TaBLE 1.1 RECEIPTS, COSTS AND VALUE ADDED OF A PV MODULE AND ITS COMPONENTS

SALES RECEIPTS

STAGE OF PRODUCTION

(TURNOVER, GROSS OUTPUT)

LESS: COST OF

Polysilicon 150
Silicon Wafer 330
Solar Cell 460
Final product (PV module) 660
Total 1 600

Source. Based on IRENA, 2012a, Samuelson and Norahaus, 2010,

Plr;\gEDfﬂ\éET': ':LED VALUE ADDED
SERVICES
USD/KW
- 100
150 180
330 130
460 200
990 610



Box 1.1

An esfimated 60% of the additional power gen-
eration required to achieve the United Nations (UN)
Sustainable Energy for All universal energy access
farget is projected to come from off-grid solutions,
both stand-alone and mini-grids (IRENA, 2013a). In this
context, decentralised renewable energy systerms can
play a crucial role, nof only because they are already
cost competitive in many rural circumstances, but also
because they can offer fremendous opportunity for
value creation along the energy access value chain,
in the form of human and economic development

There is currently no single infernationally accepted
definition, and the terms “energy access’, ‘access to
energy services” and ‘energy poverty” offen are used
inferchangeably. Yet there is growing consensus that
the definition of energy access should include the
provision of clean and affordable modern energy for
basic human needs as well as fo enable productive
uses that fosfer local economic development. One
of the main conceptual challenges in estimating
the costs and benefits of access through renewable
energy comes from the difficulty of measuring any
one of the definitions of access in a precise manner.
Most energy access indicators fall short of capturing
information on the level (quantity, efficiency) and
guality (reliability, affordability) of energy.

Two aspects are crifical in describing the full value
creation from renewable energy-based access: the
need to include productive uses of energy in addition
fo household energy, and the need fo go beyond
standard economic indicators.

Over the past decade, several insfitutions have
aftempted to develop more comprehensive quan-
fitative approaches for measuring access as well
as its benefits including productive and social uses.
However, all of these measures are based on existing
data, which are inherently limited in their scope. The
way forward is fo invest in collecting different types of
datfa, particularly on the demand side. The Globadl
Tracking Framework, for example, proposes exploring
the feasibility of ‘global customized energy surveys’
and developing "methodologies for measuring access
fo energy for productive and commercial uses, as well
as for heating applications”.

CONCEPTUAL FRAMEWORK FOR ASSESSING VALUE CREATION IN THE CONTEXT OF ENERGY ACCESS

Despife this lack of dafa, there is growing evidence
that off-grid renewable energy fechnologies can cre-
ate significant value in terms of additional household
income and employment opportunifies, both in the
renewable energy supply chain and in downstream
enterprises. IRENA (2013a) estimates that reaching
the objective of universal access fo modern energy
services by 2030 could create 4.5 million jobs in the
off-grid renewables-based electricity sector alone.
Considerable value creation also can stem from
downstream activities enabled by RET installations
in the form of local businesses, gains in agricultural
productivity and food preservation. Although quanti-
fying these benefits is not easy, they should be taken
info account when assessing the full value creation of
access to energy.

The second critical aspect for unveiling the full value
creatfion potential is the need 1o go beyond standard
economic indicators, which fail fo capture the cosfs of
“deprivation” and therefore cannot account for the posi-
five changes brought on by access. As in the modern
market segment, a key challenge is fo affribute quantifi-
able value to improved health, education and gender
balance, among others. These variables are particularly
important in the case of access given that indoor air pol-
lution, for instance, the use of solid fuels kills 2.4 million
people globally every year, mostly children and women.

In general, the concept of GDP has substantial limitations
because it focuses on economic performance and over-
looks the broader benefits to sociefies, particularly those
related to quality of life (see also Box 1.4). Beyond income
and employment, renewable energy-based access gen-
erates benefits that can lbe captured only by alternative
welfare measures consistent with the concept of develop-
ment as the “ability fo choose” (Sen, 1999).

This brief exploration of the conceptual framework
required fo fully capture value creation from renewable
energy-based access reinforces the need for a compre-
hensive framework to collect new data and to analyse
and disseminate the multi-facefed effects of energy
access initiatives. Comprehensive data on the cosfs
and benefits of energy access can play a crucial role in
guiding policy making fowards adopting energy access
approaches that maximise socio-economic benefits.
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country level. GDP and GDP growth serves as a basis
for domestic policy debates as well as for inferna-
fional comparisons (OECD, 2001, 2011; Eurostat, 2013).
Research shows that the impact of renewable energy
deployment on GDP is overall positive despite limifa-
fions of exisfing approaches fo assess if, as shown by
the examples of Mexico and Japan (see Box 1.2).

A country’s GDP can be obtained using different esti-
mation approaches, ideally yielding the same result.
Ifs calculation is based on the System of Nafional
Accounts (SNA), which offers three approaches,
namely production, expenditure and income (see
Box 1.3) (UN et al, 2009; Eurostat, 2013).

Welfare

The measure of GDP can be complemented with vari-
ous welfare-relafed indicators developed fo guantify
economic performance. These indicators range from
the concept of welfare in conventfional economics
fo alternative measures of well-being, such as the
Human Development Index (HDI) (OECD, 2011; Allan
et al, 2012).

In conventional economics, welfare is an indicator of marte-
rial economic wel-oeing, measured as an aggregation of
the utility* that consumpfion or other activities/goods/ser-
vices (for example, leisure) provide to a group of people. Itis

Box 1.2

EXPECTED IMPACT ON GDP OF RENEWABLE ENERGY DEPLOYMENT IN MEXICO AND JAPAN

Different approaches may be used fo measure the
impact of renewable energy deployment on a country’s
GDP. A study in Mexico, for example, used an input-out-
put methodology (see Chapter 3) to assess the impact
on GDP of developing 20 gigawatts (GW) of wind power
capacity by 2020. It concluded that achieving this far-
get is estimated fo lead fo an increase in GDP between
USD 79 bilion and USD 28.5 bilion, depending on the
level of domestic manufacturing of components, repre-
senting between 1.6 % and 2.6% of the country’s GDP in
2010 (AMDEE, 20130).

For Japan, a comprehensive study on renewable
energy deployment which assumed a 2030 target

Ex ) of 1 JPY = 0.0098 USD

used in economic modeling (see Chopter 3) and analysis
fo assess the changes in well-oeing of a society, which are
not necessarily reflected in ofther variables such as GDP.

Alfernative welfare measures that differ from the conven-
fional economic terms have been developed within the
susfainable development debate (see Box 1.4). These al-
fernative measures implicitly acknowledge the limitations
of fraditional measures such as GDP or material welfare,
but they are not commonly used in economic impact
assessments of renewable energy deployment.

Renewable energy deployment can affect many such
indicators of well-being. Possibly the most important
dimensions are environmental and health-related. For
example, power generatfion and road fransport are
fwo of the main sources of air pollution. Subjective well-
Pbeing is influenced by the quality of the local environ-
ment, which also affects environmental health (OECD,
201M). In March 2014, the WHO reported that 7 million
premature deaths annually are linked 1o air pollution;
by comparison, the AIDS pandemic killed 2.3 million
people globally in 2005, its worst year (WHO, 2014).
Renewable energy deployment can provide clean
alternafives to power generation and transportation,
and hence also improve the respective measures of
well-being (Kahn, 2013). It can also play a key role in
addressing other important environmental issues such

of 14-16% renewables in the energy mix (includ-
ing geofthermal and hydro), concluded that the
benefits are roughly double to triple the cost. The
benefits are categorised info 1) savings of fossil
fuels, 2) quantified economic value of reduced
carbon dioxide (CO,) emissions and 3) indirect
and induced economic ripple effects. Of these
categories, the economic ripple effects account
for 75-90% of the tofal benefit. The study estimates,
for example, that the cost of installing 23.3 GW of
solar PV by 2030 is around USD 39 billion® , and the
added value reaches around USD 47.5 billion, with
new employment of 595 000 jobs (Japan Ministry of
Environment, 2008).

r pleasure that an

o pay (e.g. th




Box 1.3

Figure
approaches for estimating GDP. The orange boxes
indicate GDP components that are relevant in the con-
fext of this report. These include gross value added in
production sectors (such as manufacturing and finan-
cial services, both of which are needed for renewable
energy deployment), net exports (renewable energy

1.3 presents an overview of the different

DIFFERENT APPROACHES TO CALCULATE GDP

deployment can affect the frade balance in important
ways, from the perspectives of both fossil fuels and
equipment frade), compensation of employees (defer-
mined by the number of jolbs present in the industries
studied) and property income (including, for instance,
the profits received by investors in renewable energy
assets).

FIGURE 1.2 SYSTEM OF NATIONAL ACCOUNTS AND THREE DIFFERENT APPROACHES FOR ESTIMATING GDP

APPROACH PRODUCTION EXPENDITURE INCOME

FINAL CONSUMPTION
EXPENDITURE OF
HOUSEHOLDS AND
GOVERNMENT

COMPENSATION OF
EMPLOYEES
(WAGES, SALARIES,
SUPPLEMENTS)

INDUSTRIES

a
=
=
a
=
=
o
<
-
o
%)

GROSS VALUE ADDED

PRODUCT TAXES LESS
PRODUCT SUBSIDIES

GROSS FIXED CAPITAL
FORMATION AND

IN INVENTORIES

(EXPORTS MINUS

PROPERTY INCOME
(CORPORATE PROFITS,
PROPRIETOR’S INCOMES,
INTEREST, AND RENTS)

CHANGES

NET EXPORTS PRODUCTION TAXES
LESS SUBSIDIES AND

IMPORTS) DEPRECIATION OF CAPITAL

GROSS DOMESTIC PRODUCT

Note: Yellow boxes indicate GDP components that are relevant in the context of this report

Source: UN 2009, Samuelson/Nordhaus 2010, Eurostat 2013

The production approach (left column) esfimates
GDP by summing up the value added of a counfry’s
economic sectors (plus product tfaxes less subsidies).
These include, for example, manufacturing, construc-
fion, public services, financial services and other sec-
fors. The classifications of secfors in national statistics
vary by country, but in most cases they are based on
the Internatfional Standard Industrial Classification of All
Economic Activities (ISIC) (UN et al, 2009). Because the
value added of the renewable energy sector is cross-
sectoral, it cannot be found explicitly in national stafistics
and has to be derived from different branches such
as manufacturing or financial services. This is a major
difficulty in quantitative analyses of the RET sector, and
it calls for improved national economic statistics which
ideally include further disaggregation to account for the
renewable energy sector.

In the expenditure approach (middle column), GDP is
estimated fthrough ifs components: final consumption
of households and government, capital formation and
changes in inventories, and net exports. Net exports

(exports minus inputs) are conceptually similar fo a
country’s frade balance, which relates fo the issues of
frade in energy products and domestic production (see
Section 1.3).

GDP can also be estimated using fthe income
approach, which encompasses the compensation
of employees, property income (including corpo-
rate profits), production taxes (minus subsidies) and
depreciatfion of capital. This approach is important in
the contfext of this report because it fouches on two
issues. First, the compensation of employees is crucial
for estimating the number of jobs created in the renew-
able energy sector (for instance, by using an average
wage). Second, property income includes corporate
profits, which can e disfributed across society in vari-
ous ways, including profits from privately or community-
owned RET installations (see Section 1.3). Another way
fo look at income is at the micro-level, wherein a firm
can pay its employees and remunerate its shareholders
as a result of the value added it has created through
its activities.
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as climate change as well as preserving resources
(e.g. fossil fuels) for future generations.

In this phase of the "econValue” project, the focus is on
conventional welfare approaches, since various relatf-
ed gquantitative methods are already well established
(see Chapter 3). In later phases, alfernative and more
comprehensive approaches could be analysed.

Employment

The final key macroeconomic varioble examined in this
report is employment. IRENA provided a first compre-
hensive overview of the various dimensions of renew-
able energy employment in its Renewable Energy and
Jobs report. Worldwide, there were abouf 6.5 million
direct and indirect jobs in the renewable energy sector
in 2013, of which more than 3.1 million were related to
solar PV, CSP and wind fechnologies (IRENA, 2014a). Box

Box 1.4

GDP LIMITATIONS AND ALTERNATIVE WELFARE MEASURES

The concept of GDP is sometimes criticised for ifs limita-
fions in reflecting the well-being of sociefies. Among
other shortfcomings, GDP contfains no information about
factors such as how resources are shared within society;
the stock of different types of “assefs” such as a healthy
environment and abundant natfural resources;, human
capifal/education, well-being or health; social capifal;
freedom and solid institutions; or household services that
are not fraded in the market. For example, activities that
are counted as positive contributions fo GDP can cost
human lives or have negative environmental implica-
fions, such as vehicle accidents or oil spills (OECD, 2011).

Alternative welfare measures can be used o expand con-
ventional concepts of economic performance fo reflect
more comprehensive measures of human well-obeing. The
OECD, for example, identifies material living conditions such
as income and wealth, jobs and earnings, and housing
condifions, as well as addifional dimensions related to qual-
ity of life, such as education and skills, health status, work-
life balance, civic engagement and governance,  social
connections, personal security, environmental quality and
subjective well-being (OECD, 2011). Instead of focusing on
economic production, as GDP does, these measures focus
on households and individuals and on overall well-being
outcomes, as well as on their distribution

The UN Millenium Development Goals similarly focus on

alternative measures of well-being, particularly health
education and income distrioution (ie. eradicating

Without considering externalities
Without considering externalities

1.5 shows the potfential for job creation in India, Japan,
Mexico and Soufh Africa, drawn from different case
sfudies commissioned by IRENA. It should be noted
fhat the methods used for these estimations can differ.

Among the contfroversies in this area are whether
job gains from renewable energy are greater than
losses incurred in the conventional, fossil fuel-based
energy system, and fo what exfent possible increases
in electricity prices related fo renewables could lead
fo employment losses. In ofther words: does renewable
energy deployment lead fo netf job gains or losses?
Some argue that the relatively higher monetary? costs
of deploying renewables (which no longer holds frue
in many instances where grid parity is achieved) will
reduce purchasing power and consequently employ-
ment. Others hold that the decenfralised nafure of
renewables deployment will raise the overall number

extreme poverty). One of the goals is environmental sus-
fainability, a concept that not only refers fo current well-
peing, but also fakes info account future well-oeing (UN,
2013). One prominent example of a country that officially
measures a mulfi-dimensional "Gross National Happiness
Index” (with @ domains and 33 indicators) is Bhutan (Ura
et al, 2012).

Clearly, many of these measures influence or are influ-
enced by the level of income. For example, indicators of
health, personal security and subjective well-being and
other dimensions of quality of life are strongly correlated
with disposable household income (OECD, 2011).

The HDIis perhaps the best-known example of an indica-
for that extends beyond measuring income alone. It is a
composite of three dimensions: health, education and
living standards, using the respective indicators of life
expectancy at birth, mean years and expected years of
schooling, and gross natfional income per capifa (UNDP,
2013). Aggregating indicators, as the HDI does, presents
advantages in comparison and ease of use, but also cre-
afes new problems (such as the need to use uniform units,
the inherent loss of information that this entails, and how
fo weigh the indicators, a choice that requires normative
judgement) (Decang and Lugo, 2009). It is also difficult fo
choose appropriate indicators for individual dimensions;
in the case of the HDI, education was measured previ-
ously through literacy rates, now deemed insufficient to
adequately reflect knowledge achievement.
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of jobs (IEA-RETD 2012; IRENA, 2013a). These arguments
underscore the need for more country-specific em-
pirical data and analysis and relicble approaches fo
estimating the potfential for economic value creatfion
from renewable energy deployment. An overview of
such approaches is presented in Chapter 3.

Jobs in the renewable energy sector itself are classified
as “direct’, whereas jobs in supporting industries, such as
steel or software, are referred fo as “indirect”. Jobs in all
other sectors that benefit from any of the various macro-
economic feedbacks (for example, consumption expen-
ditures by employees in the direct or indirect industries)
are defined as "induced” (Breifschopf ef al, 2012, IRENA,
20130). Taking info account indirect jobs in addition fo di-
rect jolos may raise employment estimates by 50% to 100%
(Rutovitz et al, 2012). This finding is broadly consistent with
resulfs from a recent cross-country comparison’ (Nathani
et al, 2012). In i, the ratio of indirect over direct jobs was
between 30% and 17/0%, but most countries showed a
rafio of about 60-80% (see Table 1.2). These findings high-
light the imporfance of also considering indirect jolos.

The rafio of indirect over direct jolbs can be understood
as a measure of the division of labour between the re-
newable energy sector and its supporting industries. This
rafio may differ between industries in the same country
and/or between countries for the same industry. If may

Box 1.5

even differ between individual firms in the same industry
in asingle country. Some experts suggest that it depends
greatly oneach firm’s or country’s industrial structure, ond
on the level of domestic manufacturing of renewable
energy equioment. The greater the level of domestic
manufacturing (@nd ifs complexity), the greater the num-
ber of suppliers involved, hence the greater the indirect
employment (other factors being equal). This, however,
may Not be the case if supplies are imported. A clear
conclusion in this regard would need more research.,

Apart from the disfinction between direct and indirect,
jobs can also be clossified based on their durability. For
example, jobs in operation and maintenance (O&M)
are needed over the entire lifefime of a project, whereas
jobs in construction are femporary and needed only
once per project. When countries implernent predictable
long-ferm renewable energy deployment policies, they
promote an RET expansion that can lead fo sustainable
job creation for all stages of the RET life cycle (IRENA, 2011).

Concluding remarks. Despite their long-sfanding use
and predominance in policy analysis, the four key vari-
ables analysed here have clear strengths and weak-
nesses summarised in Table 1.3. Given these imitafions,
future impact analyses of renewable energy deployment
should enlarge the scope to include other variables (see
Section 1.3).

POTENTIAL FOR JOB CREATION FROM RENEWABLE ENERGY IN INDIA, JAPAN, MEXICO AND SOUTH AFRICA

» India: a recent analysis reveals that the fotal direct
and indirect employment from RET amountfed fo
almost 350 000 jobs in 2010, with 42 000 jobs in the
wind sector, 112 000 in on- and off-grid solar PV and
41 000 in solar thermal, with the rest being jolbbs in
bio-energy and hydropower. Using moderate- and
high-growth scenarios, tfofal future job creation
in the renewable energy sector can increase fo
589 000-699 000 jobs by 2015 and 1.051 million
1.395 million jobs by 2020 (CI-MNRE, 2010).

»  Japan: astudy by Osaka University considered the
effect on employment of increasing the country’s
2020 target for renewable energy from 14% to 20%

of the energy supply. The analysis projects some 0.3
o 0.6 million new jobs by 2018 (Ono et al, 2012).

»  Mexico: scenarios on the development of wind and
solar capacities, which assume wind capacities of

12 GW and solar PV capacities of 1.5 GW in 2020,
result in the creation of 48 000 jobs for wind and
12 000 jobs for solar PV (AMDEE, 20130, b).

»  South Africa: scenarios on employment in the
wind industry were developed based on a fore-
cast of annual installed wind power capacity fo
2020, combined with likely levels of domestic wind
furbine development/component manufacture

and assumptions about the number of jolbs per

installed capacity. Under the “central estimate” sce-
nario, based on the Infegrated Resource Plan (IRP),

3 800 megawatts (MW) of cumulative wind capac-

ity are added fo 2020, and the resulfs indicate that

some 1 000 people would be required by 2020 af
the technician level, another 1 000 skilled workers
for construction and manufacturing, and approxi-

mately 350 jobs af the engineer level (GIZ, 20120).

of et al, 2012) as further ¢
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TABLE 1.2 RATIO OF INDIRECT OVER DIRECT EMPLOYMENT IN RENEWABLE ENERGY TECHNOLOGIES IN SELECTED COUNTRIES

INDIRECT RATIO INDIRECT

Canada 31 997 21679 68%
Denmark 27 233 21 680 80%
France 29 790 19110 64%
Germany 180 057 120 533 80%
Ireland 2573 744 29%
Japan 33574 38 852 116%
Netherlands 6651 11 605 174%
Norway 10778 7513 70%
Unifed Kingdom 16152 11027 68%

£

Source. Derived from Nathani et al. 2012

1.2.2 Opportunities for value creation along the
value chain

INn analysing value creation of renewable energy deploy-
ment, the different areas in which opportunies for value
creatfion exist need fo be identified. This section defines
the concept of value chain and analyses opporfunities
for value creafion from fthe deployment of solar and
wind energy. The renewable energy industry is Cross-
sectional since activities occur in different economic
sectors, as defined in official stafistical classifications. As
such, analysing the value creation of renewable energy
deployment typically follows the “life cycle” approach or
the value chain approach in the literature.

The life-cycle of a product refers fo the whole
product-related process from ifs conception,
fhrough design and manufacture, to O&M and
disposal (UNEP and Society of Environmental and
Toxicology and Chemistry (SETAC), 2009). Often the
ferm “from cradle fo grave” is used to illustrate the
idea of life-cycle analysis. The life-cycle concept
is frequently connected fo the approach of value
chain analysis, and offen the terms are notf clearly
distinguished. For example, UNEP (2009) notes that
"When a product passes from one partf of a product
chain or life cycle stage fo the next, it gains value. Af
all stages of this process, value is added as it passes
through each part of the value chain.

TABLE 1.3 STRENGTHS AND WEAKNESSES OF THE KEY VARIABLES ANALYSED (VALUE ADDED, GDP, WELFARE AND EMPLOYMENT)

VARIABLE STRENGTHS WEAKNESSES

»  Wellestablished indicators

» Data often available through official

Value added, GDP stafistical offices

» Infernational and femporal comparison

possible

» Does not cover non-market goods and assets
(i.e., negative or positive externalities, such as
environmental impacts)

» Does not contfain information on a society’s well-
Peing (e.g..how resources are distributed)

» Negative implications on environment
or people could be counted as positive
contributions o GDP (e.g..an ail spill that require
more oil production and hiring of cleaning
services)

» Lack of disaggregated data on renewable
energy in national stafistics

» Similar weaknesses as for GDP and value added
(l.e., only considers material welfare)

Welfare »  Well-established indicator »  Conceptually more dificult fo comprehend
than GDP and value added
» Lower compatibility with national stafistics
» Total number of jolbos does not contain
»  Wellestablished indicator information about the quality of jolbs
Employment

» Important in political and public debatfes >

Lack of disaggregated datfa on renewable
energy employment in natfional statistics
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The ferm value chain comes from business manoge-
ment theory and was first descrioed by Porter (1985) as
a chain of activities that a firm operating in a specific
industry performs in order fo deliver a valuable product
or service fo custormers, which means all value-adding
acftivities are regarded. In parallel, the ferm “supply chain
management” emerged. In the literature, both ferms are
often used inferchangeably. Throughout this report, the
ferm “value chain” is used, as it can e rather found in
macroeconomic oriented analyses, especially those with
a focus on RET deployment.

Heredafter, the life-cycle approach is used as the ge-
neric basis for the analysis and the different phases
can be described as follows:

»  Project planning: Any preparatory work neces-
sary to implement the project, including concept
development and site preparatory works.

»  Manufacturing: The industrial processes, includ-
iNg the production of machinery, equiprment and
components.

» Installation: Includes infrasfructure works and
construction of the facility itself.

»  Grid connection: Planning and consfruction works
relafed to cabling within the renewable energy
project and fo connect the facility fo the local grid.

» Operation and maintenance: Affer commis-
sioning of projects, the operatfion phase starts
and requires constant fechnical management
and mainfenance work fo operate the project
successfully over ifs life fime. The term “operation”
here also implies the selling of electricity.

»  Decommissioning: When the life fime of the
project ends, it has fo be deconstructed and its
components have fo be recycled or disposed,

Generally the relationship between the ferms of life-cycle
and value chain may be best explained by seeing it as
Two complementary sfreams: each part of the life-cycle
of a RET project can be further analysed by looking af
the different sub-products and sub-processes needed
fo implement this part. Only in their combination they
lead fo the value of the respective life-cycle part being
finclised (similar fo the view used in value chain analysis).
By the definition of sub-products and sub-processes a

more differenfiafed poinf of view is gained, where value
chain / supply analysis approaches are also applicable
fo further evaluate the value creatfion potential for each
sub-step.

Figure 1.4 subdivides the parts of the life-cycle of wind
and solar energy projects info examples for relevant
sub-products and sub-processes. During each step of
the life-cycle and each sfep of the sub-areas, value is
created by allindustries involved as well as by the relafed
industries which deliver the respective inputs. Here, value
chain analysis can be used fo outline the defailed re-
sources, processes and activities needed fo implerment
allthose parts.

Delimitation of the RET industry

Overlaps between the RET industry and ofher industrial
pranches exist and it is often not clear where 1o sef the
boundaries. In the following paragraphs, it is discussed
how to deal with this issue during the analysis of value
added.

The RET indusfry encompasses a range of activities
that occur in different economic sectors as defined
in statistical classifications. Due fo this cross-sectional
character, the value added of the industry is generally
not adequately covered in official stafistics (Breitschopf
et al. 2011). Although the underlying statistical classifi-
cafions normally tend fo gef further developed fo re-
flect fechnological change, the adoptation proceeds
only slowly. This is due fo the fact that comparisons
between nations and over fime require a certain sta-
pility of the standard industrial categories. Full cover-
age of the RET-branch by official business stafisfics is
not expected in the short ferm. Therefore, any in-depth
analyses of RET value creation will, for the foreseeable
fufure, depend on self-defined delimitations for data
collection (Edler 2013).

The components of a RET system are builf up of vari-
ous sub-components that are not necessarily manu-
factured by the same company. An analysis of the
components, sub-components and materials shows
that many of them are not exclusively used in RET;
for example, the steel used for wind furbine fowers is
also used for ofther products. The challenge of attrib-
ufing intermediate fo final goods is known as “dual
use” or ‘'multiple use” (Jordan-Korte 2011). Another
hindrance to the clear delimitation of the industry is
the existence of wholesale markets and other infer-
mediaries. In such cases, from a company’s point of
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Ficure 1.3 LIFE CYCLE PHASES AND RELATED SUB-PROCESSES AND PRODUCTS OF WIND AND SOLAR ENERGY TECHNOLOGIES

e

*PVimodule involves different production steps depending on fechnology (crystaline silicon, thin fim)

Source: Based on EWEA 2012, EPIA et al. 2009; Breitschopf et al. 2011, 2012; Gazzo et al. 2011




view, it may be difficult to identify where the products
or components manufactured will finally be used,
This problem can be circumvented by applying @
demand-oriented inpuf-oufput framework, in which
all necessary infermediate inpufs are aftributed fo
the final demand for each product, in our case, RET
(OECD ef al. 1999).

Different stakeholders do not agree on where fo draw
a boundary to define which activities count as part
of the RE-indusfry and which ones contribute to the
rest of the economy (e.g. conventional power gen-
eration). While wind and solar technologies can be
unambiguously allocated fo the RET field, one needs
fo clarify whether the auxiliary fechnologies (e.g.
electricity storage, fuel cells, smart grid components)
that could complement a large-scale expansion
of RET should also be included (completely or only
parfially) in the core RET industry (Breitschopf et al.
2011, 2012).

Within the RET industry, evaluating economic effects
and value creation is a complex task, as the activities
of the RET sector are very heferogeneous, including
e.g. production, consfruction, operation & mainte-
nance, consulting, administration and financial issues.
The relevant companies might have their central focus
on RET fechnologies, or they might be active on the
periphery of the RET branch or might also be suppliers
fo the RET industry - beside ofther acfivities

In each life-cycle phase of a RET project, economic
activities frigger expendifures and lead to value
creafion. The next section looks closely af the kind of
potentials for value creation along the RET life-cycle,
hereafter referred fo as RET value chain.

FicUrRe 1.4 TYPICAL SEGMENTS OF THE RENEWABLE ENERGY VALUE CHAIN

Segment of

Value Chain Project Planning

Manufacturing

Supporting
Processes

Installation

Analysis of domestic value creation opportunities
along the solar and wind energy value chain
Analysing the potential for value creation of renew-
able energy offen addresses whether this pofential
can be realised "on site” of a specific project (ie., if
value creatfion is achieved where the solar or wind
project is located), or if certain segments of the val-
ue chain are covered through imported products or
services. Depending on the maturity of a country’s
renewable energy sector, more or less value may be
created domestically. If the local economy cannot
provide the required input fo a segment of the value
chain, the input needs to be imported, for example
through external expertise in project development
or imported material (MWGSW, 2011).

The following section provides fechnology-specific ex-
amples of value creation potential at each segment of
the value chain and supporfing processes (see Figure 1.4),
ilustrated by country case studies.

Project planning refers to the inifial preparafory and
planning activities for seffing up a renewable energy
project. It includes activities that range from resource
assessments and feasibility studies fo the planning
of infrastructure. This requires specialised and experi-
enced personnel. In general, the higher the number
of projects developed in a counfry, the higher the
number of domestic specialists available and the larg-
er the share of domestic value creation. In countries
where the secfor is less mature, foreign consulfants are
offen involved in project planning and development.
However, local expertise is preferred in some areas,
such as in the approval process which includes legal
and administrative steps. Local experts should ideally
e consulted in environmental and development is-
sues. This highlights the role of education and fraining

Operation De-

and ecioni
NG e mse commissioning

Grid
Connnection

Policy Making
Financial Services

Education

Research & Development

Source: Based on MWGSW, 2011

Consulting

Usually, firms are assigned fo industrial branches based on their main products or processes (principle of predominance). Consequently, one has fo

decide how fo distinguish key processes from ancillary processes,
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policies in bridging the skills gop that exists in some
cases, in order to refain the value creation locally (see
Chapter 2).

For wind energy projects, the planning and develop-
ment process is normally underfaken by project de-
velopers, who either operafe the project themselves
or sell it to other operafing companies (EWEA, 2012),
Planning for Solar PV projects mostly entails the plan-
ning and projecting of modules. Depending on the
project size (rooftop or ground-mounted PV), such
fasks can be underfaken by the installer, or a project
developer could be involved. For concentrated solar
power plants, project planning and development
encompasses many sfeps that include conducting a
pbasic scope, concept engineering and geographi-
cal defermination. Therefore, at least one engineer-
ing company or project developer is needed, with
the potfential for more companies or consulfancies fo
be involved (Gazzo et al, 2011).

Manufacturing of wind furbines, solar modules
and concentrafed solar power (CSP) components
requires a cerfain degree of industrial capability and
offers considerable job creation potential (see Box
1.6), depending on the level of sophistication of the
components and the level of mechanisation of the
production process. Value can be created in each
step of manufacturing, from the sourcing of raw mate-
rial, to component manufacturing, to assembling. It is
useful fo distinguish RET components by versatility and
grade of simplicity to estimate the value creation op-
porfunifies nof only for a single technology, but also for
proader RET development and fo generate synergies.

A recent study undertaken in the Middle East and

North Africa (MENA) discusses the concepfs of “versa-
fility” (defined as the adaptability of a component to

Box 1.6

EMPLOYMENT IN MANUFACTURING OF SOLAR PV AND WIND COMPONENTS

In Japan, a study analysing the employment poten-
fial (direct and indirect) related to manufacturing,
construction and O&M of solar PV and wind power
fechnologies shows that employment in manufactur-
ing accounts for about 70% of overall employment for
pboth PV and wind (Matsumoto ef al., 2011). Japan also

different types of RET) and “simplicity” of a component
(measured in fechnological, financial, market and
quality terms) that are used to analyse the potential for
domestic value creation. Some components are more
versatile, as they can be ufilised for more than one RET,
and some fend fo be simpler to produce. Combined
with the local industrial conditions, components with
high versatility and grade of simplicity - such as struc-
fural steel elements and cables - are found to be more
likely to be manufactured locally (Dii, 2013).

The expansion of global wind energy deployment
can offer substantial benefits for the domestic
manufacturing sector. For example, in the United
States, many of the capabiliies needed fo manu-
facture wind furbines are available domestically,
and necessary changes to start confribufing to wind
furbine manufacturing can be made more or less
easlly (e.g., for tier-three suppliers, who provide raw
materials or basic components). Due to similar in-
dustrial processes, wind energy could help o revive
manufacturing jobs which have been lost in ofther
sectors such as the aufomoftive industry (CGGC,
2009). Moreover, tThere are relevant effects on ofher
industries, especially the steel industry. Steel is one of
fhe most important materials of a wind furbine and
accounts for up fo 90% of the machine by weight,
depending on the turbine design. Box 1.7 discusses
the wind manufacturing sector in India.

In countries with a nascent renewable energy sector,
opporfunifies for producing complefe wind furbines
are limited. The wind turbine market is a global market
with fough competition and domestic/regional de-
mand for furbines may be a key consideration when
assessing the feasibllity of sefting up a turbine factory,
in ferms of market size assessment. In 2012, the fen
largest wind furbine manufactures supplied 77% of the

has a competitive edge in the wind industry, including
activities related to manufacturing components (e.g.
machinery, electronics, materials, efc.), installation, and
consfruction and consulfancy services. Approximartely
20 000 jobs have been created in the Japanese wind
industry (Komatsubara, 2012).
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global market (REN21, 2013). In a country af the early
stage of wind energy development, there is a need
fo verify whether the demand for RET is sufficient to
build up local manufacturing facilities (for complete
furbines or just components or assembply).

This was the case in large markets such as China and
Brazil (IRENA, 2013), but it is nof so clear in other mar-
kets, such as South Africa. If this is notf the case, alterna-
five sfrategies may lbe more feasible. For example, value
can be creafed on-sife by involving local subcontrac-
fors. In addition to manufacturing activifies, the supply
of raw material or sub-components offers an economic
opportunity for component manufacturers and other
industrial secfors. However, the logistical requirerments
of handling large wind components is also a factor 1o
be considered in the decision to manufacture locally.
These are discussed latfer in the section.

For solar PV plants, the manufacturing process in-
cludes the different production steps of a PV module
from silicon in addition to components for the balance
of system, including the inverter, mounting sysfems, the
combiner box and miscellaneocus electrical compo-
nenfs and optionally battery and charge/discharge
confrolling systems (IRENA, 2012a). Setting up domestic
PV production plants needs serious consideration.
With faling global PV prices, existing manufacturing
overcapacities and the ongoing consolidatfion in the
markef, new domestic PV production facilifies may be
risky (Lehr, 2012b; REN21, 2013). Box 1.8 discusses solar
manufacturing activities in Malaysia.

Manufacturing CSP plant components, such as mirrors,
receivers and power blocks, involves different industfry

Box 1.7

sectors, with varying potential for local value creation.
CSP fechnology components such as bent glass for the
parabolic mirror need fo be produced by highly spe-
cialised manufacturers, unlike the production of steel or
cables (Gozzo et al, 2011). Hence, the potential for value
crecation in this sector is not applicable to any ofher
market. In addition, the potential for value creatfion also
differs according fo the CSP fechnology. For instance, a
large portion of the components of a central fower can
be manufactured locally, compared fo a parabolic
frough. This wass the case in Morocco (Gazzo et al., 2011).

Installation includes infrastructure works and the as-
sembling of the wind or solar plant. After developing an
installation and infrastructure plan, this phase includes
lobour-infensive civil engineering infrastructure works -
including groundwork, foundations, channeling, water
supply, buildings and roads that are typically delivered
by local companies. With regard 1o system installations,
developing complete installation services is more com-
plicated for imporfed equipment, as the manufacturers
are typically responsible for the installation acfivities and
normally provide their own equipment and personnel.
Local companies can still particioate in delivering re-
quired services, especially if synergic activities/experfise
already exist in the country. For example, builders of
offshore ol platforms could e employed in building
offshore wind farms.

In the case of wind, the logistical difficulties associated
with fransporting furbines is characterised by unique
challenges and opportunities, because the compo-
nents have an unusual weight, length and shape and
require special equipment to move very large and
heavy cargo. There are considerable opportunities

WIND ENERGY MANUFACTURING IN INDIA

Indic is emerging as a major wind turtbine manufocturing hub.
Indian manufacturers are able o keep production cosfs low,
using cheap domestic labour. They then export the wind tur-
bines and blades to a number of countries including, Australia,
Brazi, Furope and the Unifed States. Annual production copac-
ity, as of 2012, is now over 9 8500 MW, with some international
companies sourcing over 80% of their components through
their subsidiaries in India. As of 2012, an estimated 391 000 peo-
ple were employed in INdia’'s wind indusiry (IRENA, 2013). The

2012 Greenpeace India Energy [Relvolution Report, which pre-
sented a roadmap o achieving a sustainable energy sysfem in
Indiia, estimated that the country’s wind industry wil employ up
o 1.7 milion people by 2030 (Greenpeace International,
Global Wind Energy Council (GWEC) and European
Renewable Energy Council (EREC), 2012).
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Box 1.8

SOLAR MANUFACTURING ACTIVITIES IN MALAYSIA

Malaysia’s manufacturing sector is a major confributor
fo the country’s economic growth. In 2008, the bulk
of manufacturing activities were concentrated in the
Electrical and Electronics (E&E) sector, mainly in semi-
conductors. The local E&E industry is a leading sector
which confributes 55.9% of the country’s exports and
employs 28.8% of the national workforce (PEMANDU,
2013). The E&E sector has a strong linkage with renew-
able energy development in Malaysia through providing
supporting services. In the search for natural resources,

for existing fransporfation providers in the wind energy
sector. For example, for an entire project of 150 MW,
fransporfation requirements could be as much as
689 fruckloads, 140 railcars and 8 ships (Tremwell and
Ozment, 2007, in: CGGC, 2009).

With a growing wind energy indusfry, demand for
logistical services increases, which could lead to the
development of a specialised sector in the fransporfa-
fion industry, which is mostly locally based. This could
pofentially create many jobs throughout a country.
Wind energy projects are offen based on furnkey
construction confracts, which include engineering,
procurement and construction services, including civil
works, laying cables for electrical infrasfructure, and the
installation of wind furbines. The on-site construction in-
cludes excavating access roads and instaling founda-
fions for wind turbines. During all those parts of furnkey
installation processes, engineering and fechnical as
well as consfruction personnel are required and there
is potential for the development of a domestic industry
(CCGC, 2009). Smaller, decentralised systems also can
provide an important opportunity for value creation,
Rooffop PV, small community solar PV, and small fur-
bines (e.g., for well pumps) can be installed by frained
local personnel, offering significant pofential for value
creation (Lehr ef al, 2012b).

Grid connection of RET plants is based on the local
grid requirements, which depend on the grid operator.
The developers of RET projects normally assess those
requirements and then contact the grid operator to
develop a grid connection agreement. The task of
grid connection includes planning work, such as de-
veloping o cabling and grid connection concept. In

Sarawak, with its hydropower energy at very atfractive
rates and high-grade silica deposits, has been charac-
ferised as a good location for silicon production plants.
Advance material production encompasses substrate
manufacturing, with companies in this field able fo
supply solar industry players as well. According o a
Malaysian Economic Transformation Programme report
from 2012, the completion of a single plant for metallurgi-
cal grade silicon, a component of solar panel produc-
fion, will create some 600 new jobs (Pemandu, 2013).

addifion, the on-sife construction and cabling work is
undertaken during this phase.

The local grid operafor normally is fasked with infe-
grating renewable energy power plants info the grid
systems, which creafes value domestically, usuallly
associated with high qualification jobs within the grid
operafor. Furthermore, in the field of grid construction
works, as in ground works, cable production and instal-
lation, local companies can easily become involved,
thereby creafing jobs. Moreover, value might be
gained through the development and reinforcement
of the grid and the resulfing increase in security of sup-
ply and energy access, even if the increased balanc-
iNg costs should also be considered.

Forinstance, wind energy grid connection work consists
of cabling work within the wind farm itself (cables be-
fween turbines) as well as the cabling work necessary
fo connect the whole wind farm to the grid. The cabling
plan is often completed as part of the project planning
phase, or it can be done by the manufacturer. The con-
sfruction works relafed fo the grid connection offer con-
siderable opporfunity for domestic value creation since
they generally are conducted by local companies.

Operation and maintenance is a long-ferm activity
that has significant potential for value creation, espe-
cially in terms of jobs. Operation includes day-fo-day
procedures such as moniforing plant  operation,
responding fo faulty events and co-ordinating with
the ufility. Mainfenance work includes both scheduled
(preventative) services, such as periodic equipment
inspections, and unscheduled services to repair com-
ponents in case of failure (Walford, 2000).
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O&M offers opportunities for domestic value creation for
all countries, independently of their local RET manufac-
furing capabilities. Even though RET manufacturers often
offer full-service contracts with their own personnel, O&M
can also be undertaken by national or local staff present
at the sife. Non-productive downtime hours, which refers
fo times of poor or non-operation of the plant, are ex-
fremely costly for the plant operator; hence, good qual-
ity O&M work is crucial. Additional value is generated for
the owner of a plant through the sale of electricity.

For wind energy plants, local personnel can be in-
fegrated into O&M processes from an early stage of
development, buf a longer time horizon is needed
unfil specialised companies emerge locally. If de-
mand increases, creating a market, developers and
manufacturers could consider the establishment of
local O&M subsidiaries. Turbines are typically supplied
with a warranty of a number of years (depending on
the specific confract), which includes mainfenance.
Affer the warranty expires, independent companies
can be hired for maintenance services. Furthermore,
there is also a requirement to provide operational ser-
vices of the wind farm. Usually maintenance contfracts
include operation services, but some wind farm own-
ers employ their own operations staff. In addition fo the
direct labour, supervision, logistical and administrative
support is required (O'Herliny & Co. Lid, 2006).

PV plants also require regular maintfenance, including
the inspection of all plant components for mechani-
cal domage, check of the measuring, safety and
fransmission systerm, and opfional cleaning of the
modules. These can be done by local staff. For larger
ground-mounted plants, O&M services are needed
more frequently, including cleaning of the modules,
paiNfing, keeping the sife accessible, check on the
electrical installations, structural repairs, and infegrity
of security measures (Belectric, 2013).

O&M of CSP plants is more complex as it includes plant
administration, operation and control and fechnical
inspections for bofh furbines and collectors.

The employment factor for manufacturing, construc-
flon and installation activities, defined as the number
of jobs necessary fo manufocture, build and insfall
one unif of renewable energy generation capac-
ity, differs by fechnology and by year and country/
region, as shown in Table 1.4. The fable also shows the

employment factor of O&M activities for the same year/
regions.

Decommissioning of RET plants af the end of their
lifespan can comprise recycling as well as disposal of
components, This phase is of iIncreasing importance,
with many RET plants reaching the end of their lifespan
in the coming years in countries where RET develop-
ment started in the 1990s. Usually, the project operatfor
is responsible for dismantling and recycling an instal-
lafion affer it has reached the end of its lifespan. The
field of recycling and reconsfruction depends on locall
requirements and conditions.

When recycling policy exists, value is created in the es-
fablishment of related recycling industries. The residual
value? of the assets is o be considered as part of the
economic analysis.

To deconsfruct a wind power plant, heavy liff services
are necessary. Local companies can participate in
demolifion, reinstallation or recycling, if they have the
necessary equipment on-nand. In addifion, there
is the possibility fo resell the old turbine. In this case,
offen specialised companies are involved which up-
date the furbine’s fechnology and review ifs tfechnical
condifion, fo see if the plant can expand ifs operation
period. The purchase of second-hand wind furbines is
an opfion for some developing countries, which can-
not afford new equipment (Welstead et al, 2013). If
the turbine cannot be reused, materials, such as steel
and copper, can be recycled. For all the steps it tfakes
fo deconsfruct a wind turbine, personnel is needed.
Further value can be creatfed by reseling the turbine
or the materials retfrieved from recycling.

Recycling of solar PV modules requires frained sfaff
with specific skills and knowledge about recycling pro-
cesses in relation fo solar cells, silver, glass, aluminium,
folls, electrical components, copper and sfeel compo-
nents (EPIA ef al, 2009). Therefore, the percentage of
local jobs generated depends on the qualifications
in the respective country. If the necessary technical
background or fraining is available, local value cre-
ation can be high.

The decommissioning of CSP plants shares some simi-
larities with wind and PV, even though the industry can-
not rely on much experience yetf. CSP planfs hold the
potential for re-powering af the end of their lifespan,
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TaBLE 1.4 EMPLOYMENT FACTORS FOR WIND, PV AND CSP TECHNOLOGIES

REGION

YEAR OF ESTIMATION

MCI

TECHNOLOGY (Jobs pernewly | Jobf:‘x T

installed MW)

Wind, onshore 8.6 0.2
27.0 0.72
6.0° 0.50
12.1 0.1
8.8 04

Wind, 18.1 0.20

offshore

PV solar 17.9 0.30
69.1 0.73
258 0.70
200 02

CsP 18.0 1.33
36.0 0.54
7.0 06
19.0 09

Source! IRENA, 2013

and components such as steel and copper may be
recycled by specialised companies (Deign, 2010).

Value creation potentials of supporting processes
Supporfing processes complement the life cycle of
wind and solar energy projects and include policy-
making, financial services, education, R&D and con-
sulfing. All of these acfivities can occur along fthe
different segments of fhe value chain.

Policy-making is needed fo drive and set the frame-
works for renewable energy deployment in a counitry.
Enabling policy frameworks help overcome  instifu-
tional barriers and market failures fo create an environ-
ment in which fechnologies and markets can evolve
fogether. They are most effective when they provide
a fransparent, consistent, long-term perspective for
investors with an adequate risk-reward ratfio (Mitchell et
al, 2011, IRENA, 2012¢). Policy-making is normally an es-
sential first step fo incentivise investments in wind and
solar energy projects and all relafed value creatfion
potfentials described in this report. In governmental or-
ganisations on the national as well as on the regional
level, specialised personnel is required fo establish the

OECD countries
(Average values)

Various (2006-2011)

South Africa 2007
South Africa NA
United States 2010
Greece 2011
OECD countries 2010

(Average values)

OECD countries
(Average value)

Various (2007-2011)

South Africa 2007
South Africa NA
United States 2011
South Africa 2007
South Africa NA
Spain 2010
Spain 2010

appropriate frameworks. Box 19 discusses Malaysia’s
renewable energy policy.

Financial services are also crucial for developrment of a
renewable energy sector. The financial sector, banks in
partficular, evaluate the commercial viability of renewable
energy projecfs and tenable new financial business op-
portunities. The scope of financial service involverment in
renewable energy development is offected by the types
of RET owners, which can range from companies 1o pri-
vate households. Box 1.10 discusses innovative renewable
energy financing approaches faking place in Mexico.

Education and training is needed in order to meet the
skills demand of the growing renewable energy sector.
There is potential for value creation on three levels: in
the renewable energy sector, in the education and
fraining sector, and the infrinsic value of renewable
energy-specific education and fraining.

Adequate training and education is crucial fo develop
the skills needed to ensure the successful deployment of
renewable energy. As such, comprehensive strategies are
needed fo ensure that the requirements for renewable

35



Box 1.9

RENEWABLE ENERGY POLICY IN MALAYSIA

In Malaysia, the Natfional Renewable Energy Policy
and Action Plan was conceptualised with a vision
of achieving socio-economic development. The
policy idenfified five strategic thrusts to achieve the
objective of socio-economic development linked
fo renewable energy deployment. The core sfra-
fegic thrust is to infroduce an effective legal and
regulatory framework for the implementation of
renewable energy. The other four complementary
strategic thrusts aim to 1) provide a supporting busi-
ness environment for renewables, 2) infensify the
human capital development, 3) enhance R&D in
the renewable energy sector and 4) create public

energy skills, education and fraining are met. In the ab-
sence of locally available skills, investors are less likely fo
develop projects. If they do, it is at higher costs because of
the need fo hire people from aloroad. For insfance, more
than 20 000 EU professionals are employed by EU-based
wind energy companies in non-EU countries (EWEA, 2012).

There is a variety of lessons on how governments
have infegrated education and fraining info national
renewable energy support policies in recent years
(Chapter 2)The education sector and other relevant
stakeholders have contributed fo bridging the skills gap
in many successful examples. Box 1.11 discusses educa-
flon and fraining inifiatives in the Economic Cormmunity
of West African States (ECOWAS).

Offshore wind energy is a relatively new technology
that faces significant challenges when it comes to the
availabllity of human resources, since it requires new
fypes of skills that are nof found in the onshore wind

Box 1.10

awareness and renewable energy policy advocacy
programmes.

The National Renewable Energy policy is designed with
an approach of evaluation criteria and value creation
as success indicators. This approach creates a baseline
against which evidence can be obtfained to determine if
any improvement or posifive progress has been achieved.
The data obtained in subseguent years will help determine
if there has been improvement from the baseline or ofh-
erwise. This provides the empirical evidence necessary for
continued support of the policy. The policy also suggests
that the value creatfed should be evaluated periodically.

industry. As a resulf, project developers have resorted
fo ofher sectors, such as the oil and gas industry, fo se-
cure skilled personnel. For example, Denmark and the
United Kingdom were able to develop their offshore
wind industry by hiring people from the long-standing
oil and gas industry.

Research and development services are usually
carried out by experienced specialised institutions.
The domestic value added during the early phase
of renewable energy sector development can
e limited, although governments can develop
strategies fo build up local R&D progressively. As
the sectfor matures, it can bring a substantial value
added, for example by patent applications and the
resulting possibilities of commercialisafion fhrough
granting licences. Moreover, R&D and the creatfed
new knowledge may lead to positive externalities
fhat are beneficial for society as a whole, but that
are not correctly priced in the market and therefore

FINANCING OF RENEWABLE ENERGY PROJECTS IN MEXICO

In Mexico, Baja California willhost the largest solar park
in Latin America: Aura Solar |, with 30 MW, 100 hectares
and 135 000 panels. Construction is expected to finish
in 2013. The company Gauss Energia will provide USD
25 million, while Nacional Financiera and the World
Bank will provide USD 75 million fo develop the project.

Also, Acciona has recently financed USD 300 milion for the
Oaxaca Il and IV wind power generation projects with an
innovative financing mechanism (by issuing investment-
grade green bonds). Such mechanism has the potential to
mobilise alarge part of the investrment needed for large-scale
renewable energy deployment. It also presents significant
opportunities for value creation in the financial sector itself.
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nof as valuable to the innovafor (Mitchell ef al,
2017). Box 1.12 discusses some of the related R&D
initiatives in ECOWAS,

For example, in the United States, about 3 600 employ-
ees of the U.S. Department of Energy’s (DOE) labora-
fories were associated with renewable energy R&D in
2006 (Worldwatch Institute, 2008), and between 2003
and 2012, about 17% of the funding spent in R&D at
the DOE was associated with R&D projects in renew-
able energy - the third largest after fossil and nuclear
energy, with each gaining around 25-26% of the whole
R&D budget (Sissine, 2012).

Many countries have established knowledge centres
relafed to wind energy research. For example, the
U.S. Nafional Renewable Energy Laboratory’s National
Wind Technology Centfer is one the leading wind
power fechnology research facilities in the country. In
Spain’'s Navarra region, a competence cluster for wind
energy has been established where many research
projects are conducted, focussing on fabrication
and maferials and also on cost decreasing potentials
(CCGC, 2009). In Europe, R&D expenditure on the
wind industry was about 5% of the industry’s turnover
in 2010. This is more than two fimes higher than the
average R&D expenditure across the whole European
economy, which is about 2% of GDP. In this way, R&D-
related jobs are creafed, and research results ensure
competitive fechnology development in o global
market (EWEA, 2012).

Box 1.11

EDUCATION AND TRAINING INITIATIVES IN ECOWAS

The different ECOWAS member countries have starfed
failoring aspects of fheir educational and fraining
policies and approaches 1o support renewable energy
deployment. In Ghana, for example,
Nkrumah University of Science and Technology (KNUST),

the Kwame

in collaboration with several partners from ofher coun-
fries, started offering an MSc Programme in Renewable
Technologies in 2011 by e-Leamning, supported finan-
cially by the EU (KNUST, 2011). The main objectives of
the programme are two-fold: to increase the number of
skilled engineers in renewable energy, and fo enrich the
knowledge of key actors, including energy policy mak-
ers and entrepreneurs, on related issues. Achievernent
of these objectives will foster consumer confidence in

With regard fo CSP the Platforma Solar de Almeria
(PSA) in Spain, researches, develops and fests these
fechnologies. As the largest Furopean centre, PSA is
part of an infegrafed R&D division within the Centfro
de Investigaciones Energeticas Mediambientales y
Technologicas (CIEMAT) af the Department of Energy.
By the end of 2012, 51 researchers were working per-
manently af the PSA, and 86 persons were working in
administration, maintfenance and other supporting
services (CIEMAT, 2013).

Consulting acftivities can take place throughout all the
segments of the value chain. Small-to-medium com-
panies can rely on consulfing services fo complement
their in-house competence for the implementation of
complex projects. Consulting can e required in many
different parts of project development, referring fo, for
example, fechnical expertise, legal competence, fax
legislation or financial issues. In countries with a na-
scent renewable energy industry, the potential for do-
mestic value creation from consulting may e small,
since these services would most likely be provided by
international consultants.

Wind energy projects are offen complex and require
many years of planning, depending on a country’s
regulations and the stafus of wind energy develop-
ment. In general, many different stakeholders have to
be consulfed. This leads to a demand for consulting
services that include, for example, lawyers to assist in
draffing and reviewing contfracts and legal structures,
fechnical consultants to evaluate the wind potential

renewables and boost dissemination of these technolo-
gies, which will in furn create employment opportunities
in the sector, along with ofher socio-economic effects.

Trainings are also taking place in universities in Benin,
Burkina Faso, Cape Verde and in other capital cities
such Dakar and Bamako. The Faculty of Science and
Technology at the University of Bamako also carries ouf
studies related to RETs (Coulibaly and Bonfiglioli, 2011).
In the case of Nigeria, the Energy Commission, in col-
laboration with ofher private sector players such as
non-governmental organisations, has been undertak-
ing fraining in renewables, especially in installation and
maintenance.
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Box 1.12

RESEARCH AND DEVELOPMENT INITIATIVES IN ECOWAS

ECOWAS Centfre for Renewable Energy and Energy
Efficiency (ECREEE) is established as one of the fundamen-
fal hubos in ECOWAS fo facilifate research and innovation
through the provision of the following services fo different
clients and farget groups: facilifate north-south and south
south co-operation for knowledge and technology trans-
fer; provide a framework for capacity building activities and
strengthen networks between research and training institu-
fions; network and co-organise conferences, forums and
workshops, efc. It must be pointed out, however, that much
of these action points or programmes of ECREEE are yet to
be realised, as ECREEE came info being quite recently.

on a specific sife, fax advisors fo help find the right
sfrategy related fo fiscal issues and biologists to assess
the environmental impacts of a project.

Concluding remarks

Value is created in each segment of the value chain
as well as in the supporfing processes. The potential
of domestic value creation depends on the devel-
opment status of the domesfic renewable energy
sector. Table 1.5 summarises the ouflined potential
for domestic economic value creafion for each
segment of the value chain and by level of industrial
development.

Table 1.5 shows that af the beginning of wind and
solar energy development, the potential domestic
value creation is limited. Production facilities as well as
the required skills and knowledge are not available on
the local level. With regard to manufacturing, some
authors argue that counfries should focus first on
components with high versatility and low complexity,
which will allow them fo gradually increase domestic
value creation (Dii, 2013). Unfil the first RET planfs are
established, local value creation might occur mainly
in the fields of cabling and grid construction works,
O&M as well as financial services. However, it could
be argued that more complex components may be
manufactured in synergic industries, or in the case of
countries with ambitious industrial policies combining
R&D, cluster and fraining, and aiming to create a full-
fledged local value chain.

R&D initiatives have taken part in some countries indi-
vidually as well. The Energy Commission of Nigeria has
established centres in different parts of the country to
frain and conduct research on the different renew-
able energy sources. These include the National
Centre for Energy Research and Development at the
University of Nigeria, Nsukka; and the Sokofo Energy
Research Centre af Usmanu Danfodiyo University,
Sokoto. Meanwhile, ofher research centres in the
sub-region researching on renewable energy include
CNESOLER in Mali, IRSAT in Burkina, CERESCOR in
Guinea and LERT in Togo (ECREEE, 2012)

As shown in Table 1.5, af the early stages of develop-
ment of the solar and wind industries, the potential for
domestic value creation is relatively low in most of the
segments of the value chain. Normally at this level of
development of the sector, equipment is imporfed as
the domestic manufacturing capabilifies could be lim-
ited, and installation services are normally imported as
they are provided by the suppliers of equipment. With
the limited availability of knowledge and experience
locally, even project planning could e oufsourced
fo international experts. Value creation is more con-
centrated in support services such as financing and
education and fraining, and it is relatfively significant in
grid connection and policy-making.

Once arobust policy framework is established and the al-
ready developed projects have proven relicble, investing
in renewable energy becomes more attractive and the
market picks up. Depending on the country’s sef strategy,
manufacturing activities can begin and value can be
creafed in several segments of the value chain including
manufacturing (@nd the accompanying needed R&D)
and installation. Moreover, with the strengtfhening of local
capapilities, more activities, such as project planning, are
undertaken by local suppliers. As deployment increases,
more O&M activities are needed, which increases the
pofential for value creation in that area.

As the industry develops, value creation increases along
all segments of the value chain (given that the country is
producing technologies locally and not imporfing). The
industry matures and activity picks up in areas such as
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TABLE 1.5 POTENTIAL DOMESTIC VALUE CREATION DEPENDING ON THE STAGE OF INDUSTRY DEVELOPMENT

STAGE OF DEVELOPMENT

POTENTIAL FOR DOMESTIC
VALUE CREATION

BEGINNING OF WIND & SOLAR
ENERGY DEVELOPMENT

FIRST PROJECTS
REALISED, LOCAL
INDUSTRIES SUITABLE FOR
PARTICIPATING

MANY PROJECTS
REALISED, NATIONAL
WIND/SOLAR INDUSTRY
DEVELOPING

Project planning Low
Manufacturing Low
Installation Low
Grid connection High
Operation & mainfenance Medium
Decommissioning Low
Policy-rmaking High

Financial services Low/Medium

Education and training Low/Medium

Research & development Low
Consulting Low

Source: based on MWGSW 2011

R&D and consulting. As projects reach their end-of-life,
value is created in the distnantling segment as well. The
potential for policy-making remains high throughout all
levels of development of the industry, as policies should
e confinuously monitored and adopted o changing
market conditions. This is further discussed in Chapter 2.

1.3 VARIABLES FOR FUTURE ANALYSIS

Macroeconomic effects

Mainsfream macroeconomic aspects such as GDP
and employment form the core of this report and are
described in detfail in Section 1.2.1. One identified mac-
roeconomic variable left for future analysis is the trade
pbalance. A country’s trade balance includes imporfs
and exports of goods and services (Mankiw, 2010). In
the context of renewable energy deployment, two ele-
ments of the frade balonce are most relevant: trade
in energy products such as fossil fuels, and frade in
goods and services related to renewable energy (e.g.
solar panels, components or consulting services).
Trade in energy products covers frade in final energy
(e.g. electricity), in primary energy (e.g., crude oil) or
in other natural resources needed fo produce energy
(e.g. raw uranium ore). It is estimated to represent

Medium High
Medium Medium / High
Medium High
High High
High High
Low Medium
High High
Medium High
Medium Medium/High
Low/Medium Medium
Low Medium

more than 20% of world frade by value (UNEP, 2013a),
mainly fossil fuels. In this context, it is helpful to disfin-
guish the perspectives of fuel-exporting versus fuel-
importing countries.

For fuel-exporting countries, renewable energy deploy-
menf can be a way to minimise domestic use of fuels
and maximise the amount available for export. Several
oll producers are starfing fo adopt renewables, in part
for this reason. The countries of the Gulf Cooperation
Council have set renewable energy fargetfs that, if re-
alised, would save an estimated 3.9 bilion barrels of il
equivalent cumulatively between 2012 and 2030. This
would yield savings of approximately USD 200 billion
(Ferroukhi et al, 2013).

For fueHimporting countries, renewable energy deploy-
ment can substitute imports which would e used for
power production or other uses. This effect could be one
of the main economic benefits of renewable energy
deployment. In 2011, glolbal spending on nef imports of
fossil fuels amounted fo USD 2 frilion, of which more than
USD 230 billion was spent in China (about 3% of Chinese
GDP) and USD 120 bilion in India (nearly 7% of GDP).
Decreasing these imports can lead fo considerable

39



savings: Spain’s use of renewables (for all sectors)
substituted albout USD 2.77 billion of fossil fuel imports in
2010, and Germany saved about USD 13.5 billion in 2012
(Deloitte and APPA, 2011; BMU, 2013b; IEA, 2012; IMF, 2013).
The use of domestic renewable energy sources could
specially benefit countries with large frade balance defi-
cits, which may be largely due to energy imports. It can
also ease pressure on government budgets in countries
with subsidised fossil fuel consumption.

Trade in goods and services for RET deployment
for RET deployment is growing significantly. Between
2007 and 2011, world imporfs of RET equipment
increased by more than 60%, double the growth
in merchandise imports overall. The two largest no-
fional markets are the Unifed States and China: in
2011, firms based in these two countries traded more
than USD 6.5 million in solar energy products and
more than USD 09 billion in wind energy goods and
services (UNEP, 20130).

Trade in goods and services for RET deployment also
includes equipment for building up factories for RET
equipment (e.g. a wind turbine factory). For example,
Germany, the United Stafes and Japan have sold
Turnkey production lines to China, which, on this basis,
was able fo develop its solar PV industry (UNEP, 20130).
Emerging countries represent an increasing share
of renewable energy equipment exports. China is
the world's largest producer and exporter of solar PV
equipment. So far, however, only a few of these coun-
fries are major exporters (UNEP, 20130).

The deployment of renewable energy does notf always
influence the frade balance positively. A renewable
energy deployment policy which reduces imports of
fossil fuels could equally increase imporfs of renew-
able energy equipment (for example, solar panels
produced apbroad), which could result in a null (if not
negative) impact on the trade balance. However, the
imported RET would enable the reduction of fossil fuel
imports for a significant period of time (e.g., 20 years),
meaning that the long-ferm effect on the trade bal-
ance is likely fo be positive.

[flocal production of RET equipment is required, consid-
erafions to analyse include tfechnology-specific char-
acteristics and logistical issues (such as the decision 1o
manufacture wind towers that are difficult fo fransport

closer fo the site), as well as strafegic decisions to
develop a local industry. The pofential of a country fo
produce domestically depends on many factors (see
Section 2.3), including domestic capabilities; the size of
local, regional and infernational markets; or the status
of local renewable energy development. The following
example, albeif simplistic, may be illustrafive. At the be-
ginning of renewable energy development, domestic
production is likely to be restricted to cabling and grid
construction works, O&M, as well as financial services.
Subsequently, more local sub-confracfors and sup-
pliers can be involved, ranging from manufacturing
fo installation. Affer many renewable energy projects
have been realised and a policy framework has been
established that enables a sufficiently large domestic
market, local manufacturing of products becomes
feasible and specialised services for the renewables
sector can be developed,

Many countries are infroducing local confent require-
ments, linked fo renewable energy support policies, as
a means fo esfablish and support nascent domestic
renewable energy industries. This should be done with
great care, ensuring that the requirements are fime-
bound, linked to a learning process, and support the
creation of a solid domestic supply chain and a skilled
workforce (see Chapter 2 for more on these policies).
A critical precondition for a domestic RET development
path is the availability of sufficient skiled labour and
expertise at all stages of the renewable energy life cycle.
From an investor's perspective, the pofential advantag-
es and disadvanfages of engaging local actors have
fo be considered (see Table 1.6). Government policies
fhat can address some of these issues are discussed
in the skills policy section of Chapter 2 and they have
also been studied in more detail in IRENA's Renewable
Energy and Jobs report (IRENA, 2013).

Distributional effects

A second cafegory of value creafion that can be
considered in the socio-economic impact assessment
of renewable energy deployment is the distribution of
value - that is, its allocation across the different types
of owners of renewable energy planfs and regions,
and across energy consumers and fax payers. Further
aspects could be the distribution across branches or
segments of the workforce, for example, by gender
(IRENA, 2011).
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Type of owners. Renewable energy planfs gener-
afe income for their owners during their operafion,
Traditionally, conventional power plants have been
owned and operafed by ufilities. Given the variable
scale of RET, however, a broad variety of owners can
be involved, ranging from private companies to indi-
viduals and communities.

Overall, only few and scaftered data are available on
RET ownership worldwide. For solar PV, simple inifial
estimates for selected countries could be derived from
statistics on the numibber of distributed plants (IEA-PVPS,
2012). This is because distributed PV installations are offen
owned by private individuals and centralised plants by
companies and ufilities. In Germany, for example, about
46% of cumulative installed RET capacity was owned by
private individuals by the end of 2012 (AEE, 2012, 2013).
For wind projects, only albout 2% of the fofal wind capac-
ity installed in the United States included local ownership
in 2011 (Slattery et al, 2017). However, community-based
approoches fo RET are atfraocting more inferest world-
wide, due fo their contribution fo increasing social ac-
ceptonce of renewables (see Box 1.13) (Bridle ef al, 2013;
Musall et al, 2011; Schreuer et al, 2010),

Distrioutional issues are puffing pressure on the
fraditional business models of centralised utilifies,
and are creafing frictions with new entrants info the
sector. Future research could explore such issues, as
well as global RET and community ownership struc-
fures. This may also include ownership of electric
grids that are extended specifically for RET deploy-
ment.'® Possible questions include: How and under
what institutional arrangements does community
ownership affect RET acceptance? How are ofher
characteristics of project development influenced
by community ownership (e.g., speed of project
planning and implementation)? How does fthis

affect local economic value creation (e.g., revenue
management issues)?

Regional distribution. Assessing the regional disfribu-
flon of value creatfion includes analysing the effect of
renewable energy deployment at the sub-national
provinces, regions, municipalities  or
districts. Such a spafially disaggregated analysis can
serve several purposes.

level- statfes,

First, it can provide an overview of the diversity of renew-
able energy-related developments and shed more
light on geographical patfterns of structural change. In
Germany, for example, the gross employment due o
renewables overall is higher in the easfern than in the
western stafes (BMU, 2012). Second, regional analysis
can help with policy-making at a sub-national level as
well as the moniforing and evaluation of sub-national
inifiatives and policies. It is worth noting that the politi-
cal priorifies of sub-national governments may or may
not align with federal priorities. Third, such information
can help in raising social buy-in and public support,

Alfhough geographically disaggregafed data on
installed renewable energy capacities are offen avail-
able (for example, in the U.S. Stafe Clean Energy Data
Book (DOE, 2010)), comprehensive and consisfent em-
pirical analyses of value creatfion at the sub-nafional
level are harder o find, despite potential sorme analysis
of individual states and counties (NREL, 2013). One
example is an assessment for the U.S. sfafe of North
Dakota, where direct employment in the RET industry
amounted to 1 183 jobs, and indirect employment
fo 2 840 jobs, in 2011 (Coon ef al, 2012). Such disag-
gregated data can be useful to build public support
in the stafe. A German sfudy offers an example for
estimating regionalised employment effects in a con-
sistent framewaork. In if, direct effects of the production

TaBLE 1.6 ADVANTAGES AND DISADVANTAGES OF INVOLVING LOCAL ACTORS FROM AN RET INVESTOR'S PERSPECTIVE

POTENTIAL ADVANTAGES

»  Familiarity with local circumstances

»  Lower fransport cosfs

»  Lower fransaction cosfs associated with infernational
confracts

»  Higher social acceptance

»  Higher sustainability

»  Befter suitability fo local condifions

Source: Based on (Dii, 2013)

»

POTENTIAL DISADVANTAGES

Possibly inadeguate certification of professional titles or
academic degrees

Insufficient skills availability

Longer lead times

Learning curve



of facilities and components have been analysed by
means of company surveys and ofher dafa sources
(BMU, 2012).

Impacts across energy consumers and tax payers.
The additional costs or benefits that arise from hav-
iNg an energy system based on renewable sources
compared with conventfional sources need to be
allocated across different actors. Some benefit while
ofhers bear the burden, depending on a country’s
individual policy framework. Additional costs may be
borne by fax payers or final electricity consumers. For
example, feed-in-fariffs in several countries are paid
by final electricity consumers, with some paying more
than ofhers.

In Germany, the operators of renewable energy plants
received about USD 19 billion from most electricity
cusfomers in 2012. Major exceptions from these pay-
ments included some 700 power-infensive compao-
nies and railways, which benefitfted from a reduced
burden tofalling about USD 3.37 billion (BMU, 2013a),
due fo policies aimed atf keeping these industries
competitive infernationally. Polifically, the challenge
is in finding a form of burden sharing that meets all
relevant policy objectives while being acceptable to
all stakeholders.

Box 1.13

From another perspective, fiscal impacts refer to the
distribution of fax revenues and charges associated
with RET installations to different government bodies,
such as the municipal, regional or federal level. The
sources of those fax payments can be individuals or
businesses that own RET installations. Since fax rafes
and other regulatory defails vary significantly across
countries, any analysis must fake info account the
national and local specificities. Similarly, fiscal impacts
may include the disfribution of RET subsidies across
government bodies. In Mexico, total tax revenues from
a scenario of 12 GW of wind power deployed by 2020
are estimated at USD 1.1 bilion", including USD 0.54
pillion of incorme tax (AMDEE, 20120).

From the perspective of a municipality, it is instrumen-
fal fo learn how much fax revenue can be expected
from having wind or solar plants installed. For example,
an analysis of fax revenues associated with RETs for
German municipalities concluded that a typical 2 MW
wind furbine with an investment cost of USD 3.4 million
could generate fofal fax payments fo the municipality
of up fo about USD 414 000 during the furbine’s lifefime
of 20 years. In reality, it is more common that value cre-
ation is distributed across several municipalities — with
some project phases or components situated locally,
The exact payments depend on which parts of the life
cycle and value chain are actually located within the
community (Muhlenhoff, 2010; Hirschl ef al., 2010).

COMMUNITY OWNERSHIP

‘Community ownership” has no commonly agreed upon
definition; it covers RET projects that are completely in the
hands of a community, and those that are only partially
community owned (‘co-ownership”). Different legal and
financial models of community ownership include co-oper-
afives, community charities, development frusts and shares
owned by a local community organisation (Walker, 2008).
A working group of the World Wind Energy Association
proposes the following definition for ‘community power”
(WWEA, 2011):

‘A project can be defined as Community Power if

atleast two of the following three criteria are fulfilled:

1. local stakeholders own the majority or all of a

project [...]

Exchange rate of 1 MXN = 0.077 USD

2. Voting control rests with the community-based
organization [..]

3. The majority of social and economic benefits are
distributed locally”.

Among the different types of ownership structure,
co-operatives figure prominently. Such member-
based organisations played a major role in the
history of electrification in the United States (ILO,
2013). Currently, the European Union (EU) is expe-
riencing a strengthening of energy co-operatives.
In developing countries, rural co-operatives often
provide access to off-grid electrification (IRENA,
20120).
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Energy system-related variables
Several energy system-relafed variables reflect the
additional costs or benefits of having a renewable
energy-based systern compared fo a system based
on conventional power generatfion.,

Additional generation and balancing costs refer
fo all costfs related to electricity generatfion from RET,
including installation and O&M which occur when
RETs replace conventional plants. They can be cal-
culated as the difference beftween the levelised cosfs
of electricity from the different fechnologies, even if
this approach can be overly simplistic and may not
adequately consider issues such as the merit-order
effect. Balancing costs refer to the need for balanc-
iNng infermiftent generation from renewables in the
short run fo ensure system stability, and for providing
sufficient firm generation capacity in the long run to
ensure security of supply in fimes of peak demand.

Additional grid and transaction costs include the costs
of extending, reinforcing or fechnologically upgrading
grids associated with RET deployment. Such costs may
occur at the level of distribution or fransmission grids.
Transaction costs refer to RET-induced cosfs between
market particioants, such as forecasting, confracting,
efc., as well as fo policy implementation costs, due fo,
for example, reporfing and monitoring obligafions.

Externalities occur when human activities (here related
o the energy systerm) affect third parties” production
or consumption possibiliies without compensating for
such impacts. They can be positive or negative, and
They arise oufside the market system (Verbruggen et al,
2011). Therefore, these effects are not accounted for in
the sysfem of natfional accounts described in Section
1.2.1, as the latter is based primarily on market prices
while externalities are, by definition, not priced. RET de-
ployment has the potential fo avoid negative environ-
mental externalities that otherwise would e incurred
fhrough conventfional energy sources.

Decision makers can opt to infernalise these ex-
fernalities as a way to support renewable energy
deployment. One mechanism fo capture and inter-
nalise a specific externality such as climate change,
is through the social cost of carbon. It entails estab-
lishing a cap on CO, emissions and trading emis-
sion allowances in a system such as the European

Emission Trading System. The resulting price on CO,
is infended to influence the decisions of companies
and consumers in the economy. Outside the OECD
member stafes, a number of countries such as South
Korea and China are considering or implementing
an emission frading system. In China, several cities
and provinces are launching pilof schemes, with
the overall aim of setfing up a national scheme by
2015. The first emission frading system was officially
launched in the city of Shenzhen in mid-2013 (Fel,
2013). Kazakhstan has the only ofher natfionwide
scheme in force outside of the OECD:; ifs pilot phase
sfarted af the beginning of 2013 (Ecofys and World
Bank, 2013).

In addition to environmental externalities, there are
ofher positive externalities associated with RET deploy-
ment. In particular, RET may involve fechnological
learning and related spill-over effects on other tech-
nologies or other sectors. Whnen new technologies are
creafted and adopted, they often come with benefits
for society as whole which are nof fully reflected in the
prices that the innovating firms can demand in the
market (Mitchell ef al, 2011). This is especially true if
an enabling R&D policy framework is puf in place, as
discussed in Chapter 2.

Additional effects

Additional effects cover all remaining benefits and
cosfs that may be associated with RET deployment.
These effects are nof less important than the previous
ones, but because they can be classified in more than
one of the other cafegories (e.g., macroeconomic
effects and externalities af the same time), they have
been placed in a separafte cafegory fo minimise
double counting. One example is effects related to risk
reduction.

Risk reduction. RET deployment con confribufe to a
reduction of accidents or of fechnical, geopolifical or
financial risks, amongst ofhers,

When looking atf all energy technologies availoble,
potential risks include oil spills (for example, Deepwater
Horizon in 2010), nuclear accidents (for example,
Fukushima in 2011), induced seismicity, hazardous sub-
stances, long-term storage of nuclear waste, prolifera-
fion, terrorist threatfs and related fatalities. Amongst all
energy fechnologies in use foday, RETs are generally
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associated with the lowest risk in terms of number of
fatalities due fo their decentralised nature and limited
potential for disasters (Sathaye ef al, 2011).

The technical risk (which could also be considered
within the ‘energy system-related effects” category)
refers fo the possible risk of supply disruptions caused
by technical issues, in Mmany occasions caused by
the power or gas transport and distribution networks.
Since renewable energy is by nature less centralised, it
can be argued that RETs reduce these risks. However,
electricity generation from variable renewable energy
sources is not fully reliable due fo the intermifttent na-
fure of renewables, and counfries are also subject fo
risks related to dependence on imported renewable
energy fechnology and expertise.

The geopolitical risk is closely related fo energy im-
porfs. By reducing energy imports, countries can
achieve greafer independence and avoid potential
supply disruptions (for example, in case of confiicts),
high energy prices and price fluctuations. Creafing
an energy system fthat is more robust against these
fechnical and geopolifical disturbances is usually
discussed under the heading of “security of energy
supply” or ‘energy security” (Sathaye ef al, 2011).
However, this risk is also applicable for countries that
are highly dependent on imporfed RET equipment,
components or raw material that would be used for
domestic production.

Financial risks are closely related fo frade balance
issues (included within the "macroeconomic effects’
category). They refer fo the fact that an economy’s high
dependence on fossil fuels poses the risk of uncertain
future prices, for bofth importers and exportfers, along
with the associated financial risk of price volatility. These
can affect issues such as costs of inance or investrent
decisions, which in turn could lead fo other negative
effects. The fact that renewable energy sources have
more predictable costs (for example, the associated
fuel costs are relatfively low) can mitigate these risks.

1.4 CONCLUSIONS

The socio-economic benefits of renewable energy
fechnologies are increasingly driving their adop-
fion. Renewable energy deployment has the po-
fential to increase income, improve frade balance,

and confribufe fo industrial development and job
creation. However, analytical work and empirical
evidence on the fopic is needed. This is necessary
for a befter understanding of the value that can be
created from renewable energy deployment, as if
can inform policy decisions fowards maximising its
pbenefifs.

The conceptual framework presented in this chapter
is adapted from fthe existing literature and ongoing
research and it can be used fo analyse the socio-
economic effects of large-scale solar and wind
energy deployment. It classifies these effects as
macroeconomic, distributional, energy sector and
ofher cross-sectoral (additional). As part of the mac-
roeconomic effects, value added, gross domestic
product, welfare and employment are the variables
selected in this sfudy to measure value creafed
in fhe sector. Since renewable energy cuts across
many ofher sectfors, and the definifion of those
secfors varies among countries, the assessment of
value creation must be conducted across the dif-
ferent segments of the solar and wind energy value
chains.

Opportunities for value creatfion exist in each seg-
ment of the value chain, including project planning,
manufacturing, installation, grid connection, O&M
and decommissioning. Value creation varies along
fhe different segments of the value chain of solar
and wind. In the planning segment, for insfance,
the bulk of the value is created by engaging spe-
cialised individuals and companies to conduct
feasibility  studies, legal
activities, efc. In manufacturing, value can be cre-
ated in the sourcing of raw material, manufacturing
sub-component, and assembling parts. The pres-
ence of other industries with similar processes can
facilitate the development of a local solar and wind
industry; the steel or the automotive industry for wind,
semi-conductor for PV and glass for CSP. The value
created in the installation phase arises mostly from
labour-intensive  activities involving  civil engineer-

resource  assessments,

ing infrastructure works and assembling of wind or
solar plants. These are fypically carried out by local
Engineering, Procurement and Construction (EPC)
companies, unless equipment is imporfed in which
case manufacturers offen are responsible for installa-
flon activities. The grid connection stage involves the
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engagement of highly-skilled grid operators respon-
sible for infegrafing renewable generatfion as well as
of local companies to undertake any infrastructure
development fo facilitate grid connection. O&M is a
long-ferm activity that offers opportunities for domes-
fic value creation for all countries, independent of
fheir local renewable energy technology manufac-
furing capabilities. Finally, the decommissioning of
RET plants af the end of their lifespan can comprise
recycling as well as disposal or reselling of compo-
nents. Value is created in related recycling industries,
demolition acftivities, and refurbishing of equipment
for sale fo new markets.

Further opportunities for value creation can e found
in The supporfing processes which complerment the life
cycle of wind and solar energy projects, such as policy-
making, financial services, education, research and
development and consulting.

The extent to which domesfic value is created along
the different segments wil depend on the overall level
of development of a country’s renewable energy sector.
Couniries at the beginning of renewable energy develop-
ment have a medium-fo-high potential for dormestic value
creafion in activifies such as O&M, or grid connection. In
the case where the country produces fechnology locally,
rmany more opportunities fordomestic value creation arise
with fhe developrment of a local industry.. As the industry
develops, value creation increases along all segments
of the value chain if the tfechnology is produced locally
and nof imported. As the industry matures, activity picks
up in areas such as R&D and consulfing. When projects
reach their end-oflife, value is created in the dismantling
segment as well. The potential for policy-making remains
high throughout all levels of development of the sector, as
policies should e confinuously monitored and adapted
fo changing market conditions.
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ENnabling socio-economic
Value Creation

alue creation from renewable energy deploy-

ment spans a vast array of socio-economic

effects. The previous chapfer presenfed these
effects, and the variables that can be used to assess
them, as part of a broader conceptual framework. It also
presented the value chain concept that is used fo anal-
yse the potential for value creation that exists af each
segment of the value chain, as the renewable energy
industry cufs across different economic sectors.

A broad range of policies can affect value creatfion
from deployment of large-scale solar and wind en-
ergy. It covers policies fo stimulate deployment, as
well as those aimed atf building a domestic industry,
encouraging investment and fechnology tfransfer,
strengthening capabilities, promoting education and
fraining and research and innovation. Identifying the
relevant policy areas requires looking at the different

Investment segments of the value chain, where the potential for
promotion and . . . o
Deployment N value creatfion exists and identifying challenges that-
[rellele® Education transfer can hinder value creation.

and training

Policies fo support deployment are essential market-
creatfing measures, as they trigger investments into the

Strengthning
firm-evel sector. Depending on the type of deployment policy

capabilities adopted, the extent of value creatfion can vary along
the different segments of the value chain. The success
of deployment policies in creatfing value also depends
on the existence of other complementary insfruments,
such as those that aim fo develop a local industry.

Research and
innovaton

Creating value through local content requires addi-
fional support policies that are aimed at ensuring the
demand for local products and services, developing
domestic production capacity fo meet that demand,
and strengthening the capacity of frms (and the sec-
for) fo ensure guality and efficiency. In addition, poli-
cies are needed fo creafe an environment that fosters
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innovation through R&D. Such volue creation efforts
require the availability of a qualified workforce to meet
the diverse skills needed fo support a growing renew-
able energy sectfor. Moreover, instfruments that aim to
facilifate access o financing are vital for value creation.
All of these policies contribute fo the formulatfion of a
failored policy mix that entails coordination between
deployment and the ofher inferacting policies. Some
are specific fo one segment, such as local production
and manufacturing, others are cross-cutting along all
segments, such as educafion and fraining policies
and investment policies.

This chapter presenfs an overview of different poli-
cies and their possible impact on value creafion. If
covers deployment policies as well as those aimed
af promoting investrment and technology  fransfer,
strengthening firm level copabilities and building a
domestic industry and promoting R&D. It then dis-
cusses tThe key consideratfions required fo ensure the
choice of the right policy mix that can maximise the
socio-economic benefifs of large-scale solar and wind
energy deployment. The chapter draws on practical
lessons from several country case studies.

2.1 DEPLOYMENT POLICIES

Deployment policies have been instrumental in sfimu-
lafing market development by creating demand for
RETs. These policies are needed fo overcome market
failures, which include 1) unaccounted externalities
relafed fo environmental impacts and security of sup-
ply; 2) high costs associated with risks of failure of new
businesses,; 3) limitations regarding the enfry of new
players in the market; and 4) difficulty in idenfifying
opportunities for production that exploit comparative

advantages given the dynamic costs and knowledge
spill-overs of technologies (IEA-RETD, 2014, forthcom-
ing). Deployment policies play an important role in
friggering investments in the sector and thus lead fo
value creation.

A variety of deployment policies have lbeen adopted
worldwide af a regional, national, stafe or provincial
level in support of renewable energy for heating/cooling,
fransportation and electricity (see Table 2.1). This section
of the report focuses on policies o promotfe renewable
energy-based electricity. These policies enable invest-
ments and increase installations, leading fo value cre-
afion directly within the sector (clong the value chain of
the adopted RET) as well as to indirect effects which are
achieved in other sectors. The section discusses different
ways in which the type and design of deployment poli-
cies can affect value creation.

2.1.1 Policies supporting deployment

Governments worldwide have enacted a variety of
policy instrurments and fargets fo mandate or promote
the deployment of renewable energy. These can be
classified broadly as regulafory policies and targets,
fiscal incenfives and public financing.

Regulatory policies and targets

Renewable Portfolio Standards (RPS) and quotas. In
the case of RPS and quota policies, producers (or dis-
fributors/consumers) are required to source a cerfain
percentage of their electricity from renewable energy.
This presents an incentive fo invest in renewables, either
directly by investing in projects or plants or indirectly
by purchasing fradable green certificates from ofher
generators. Although technology-specific support can

TaBLE 2.1 NUMBER OF COUNTRIES ENACTING SPECIFIC RENEWABLE ENERGY SUPPORT POLICIES AS OF EARLY 2014

Fiscal Incentives Tax reduction 01
Renewable porffolio standard 29
Renewable heat obligation/mandate 19
Regulafory policies and fargets Biofuel obligation/mandate 58
Feed-in fariffs® 68
Net metering 42
Public financing Auctions/fenders 55

Jaes feed-in premiums.
Source. REN21, 2014
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be provided through designated technology quotas,
these instruments are generally technology neutral and
aim fo promote the most cost-efficient fechnology op-
tions (IEA, 2008). Such policies have been infroduced,
either at the natfional or state/provincial level, in more than
86 jurisdictions, mostly in high- and upper middie-income
countries. RPS and gquofa policies are more prominent on
the sulb-natfional level (REN21, 2012, 2013, 2014),

Feed-in ftariffs (FiTs) and feed-in premiums (FiPs).
These are the most popular type of policy, especially
in high- and upper-middle income countries. Under
such policies, eligible renewable electricity generators
are guaranteed a standard purchasing price or an
additional premium price for the electricity they pro-
duce, and are normally guaranteed priority dispatch,
FiTs and FiPs played a major role in the realisation of
approximately 75% of solar PV capacity and 45% of
wind development globally as of 2008 (DBCCA, 2010).
FiTs and FiPs had bbeen adopted by 68 national gov-
ermments as of early 2014 (REN21, 2014).

Fiscal incentives and public financing

A variety of fiscal incentives and public financing mec-
sures can e applied fo encourage private investment in
renewcble energy. They include tax exemptions or reduc-
fions, public investiments, capital subsidies, investment or
production fox credifs ond energy production payments.

Tax exemptions or reductions are generally used as
supplementary support paolicies. Renewable energy proj-
ect developers and electricity generatfors are exernpted
from taxes (or a portion of faxes) in order fo facilitate the
creatfion of a level playing field with the conventional
energy sector. Tax reductions had been adopted by 91
countries worldwide as of 2014 (REN21, 2014). Reductions
of import, value-added or sales taxes are most effective
iNn countries with relafively considerable fax rates. They
are especially important in lowermiddle and low-
income countries, many of which depend heavily on
imported RET equipment, especially in the early stage of
renewable energy sector development.

Capital subsidies, grants (or soft loans) and rebates are
used by more than 58 countries worldwide (REN21, 2014).
They are different fypes of monefary assistance from
the government, usually 1o the private sector, to cover
a percentaoge or specified amount of the investment
cost of a renewable energy system or service. They aim
fo help reduce systern investment cosfs associated with

developing renewable energy projects and purchasing
equipment. They can also be used to facilifate access
fo finance through concessional loans for renewable
energy projects (IRENA, 20120).

Auction schemes involve governments announcing
pids to install a cerfain capacity, or produce o certain
quantity, of renewable-based electricity. Project develop-
ers submif offers which are evaluated based on selected
criteria, including the price per unit of electricity. Selected
pidders typically enter info power purchase agreements.
Auctions can be fechnology specific, allowing for the
promotion of cerfain fechnologies and diversification
of the country’'s energy portffolio. They can also be
fechnology neutral, designed fo promote the most cost-
competitive fechnology. The design of auctions allows
governments fo consider other national priorifies, such
as the development of a domestic industry through local
content requirements, which allows for value creatfion in
different segments of the value chain. The number of
countries relying on auctions has risen from just 9 in 2009
fo 85 by early 2014 (IRENA, 2013b; REN21, 2014).

2.1.2 Value creation through deployment

The extent fo which value is created varies depending
on the policy instrument. Deployment policies lead 1o
the development of renewable energy projects that
can creafe economic value in ferms of environmental
impacts  (reduced emissions), energy security and
economic activity (jobs, income, efc), but they also
contribute fo other positive oufcomes. For instance, FTs
aim fo provide secure income streams, increasing the
aftractiveness of investing in emerging fechnologies
which are not yet competitive. This further generatfes
spill-over effects of R&D of nascent fechnologies.

Depending on the type of deployment policy adopted,
the value created can vary in infensity along the dif-
ferent segments of the value chain. For instance, fox
reductions can enable value creation especially in
installafion and O&M, while auction schemes coupled
with domestic confent requirements can support the
development of upstream supply chain segments.
However, this is notf to suggest that certain deployment
policies are more effective in creafing value than ofhers
in a specific segment of- or in the entire- value chain. In
fact, the same type of policy can affect value creatfion
differently according fo ifs design characteristics and the
way in which it is implemented.
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Policy design

The design of a deployment policy can influence the
specific segments of the value chain where value cre-
atfion is concentrated, as well as ifs extent. For instance,
fechnology-specific instfruments enable the infroduction
of new technologies contributing fo diversifying the en-
ergy mix and hence reducing risks associafed with the
reliability of the energy system. In addition, this can help
stimulate tfechnological development and leaming-by-
doing, confributing fo the creation of a local industry
for that specific fechnology. Technology-neutral insfru-
ments can help identify the most cost-effective fechnol-
ogy available that could help facilifate a scale-up in its
deployment, along with the associafed value creation.
As such, fechnology-neutral instruments entail lower
support cosfs than technology-specific insfruments.

Another essentfial design characteristic that can
influence value creation from solar and wind energy
deployment is the integration of local confent require-
ments within deployment policies. Such measures can
allow policy makers fo farget specific socio-economic

Box 2.1

THE IMPACT OF POLICY DESIGN ON THE DEVELOPMENT OF THE U.K.AND EUROPEAN WIND
INDUSTRIES IN THE 1990s

The Unifed Kingdom's Non-Fossil Fuel Obligation (NFFO)
was established in 1990, and successive rounds of capacity
auctions were carried out where developers were invited fo
submit competitive tenders for NFFO contracts (Gross and
Heptonstall, 2010; Mitchell and Connor, 2004).

The NFFO had a complex auction process with uncertain
remuneration levels for successful bids, which - together
with perceived financial risks of renewables - deferred small
and emerging developers from participating. Furthermore,
the lack of a penalty for non-completion of NFFO contracts
created a perverse incentive for larger companies to bid
for additional contracts to stifie the competition. Most NFFO
projects were developed by subsidiaries of major ufility
companies. In addition, the uncertainty of subsidy levels
and short subsidy periods compelled successful develop-
ers fo minimise fechnological and supply chain risks. Most
projects thus used commercially proven wind turbines from
established foreign companies with significant  existing
manufacturing capacity.

Despite the stated aim to ‘encourage an infernationally
compstitive renewables supply industry” (Charles Wardle,
tfhen Under Secretary of State for Industry and Energy,
quoted in Mitchell (1996)), the NFFO actually discouraged

benefits and creafe value in line with their natfional
priorities, such as employment or the development
of a local industry. Local confent requirements will be
discussed in more detfail in the following section.

It should be nofed that policy design characteristics
should be tailored fo local market condifions and to
the level of maturity of the RET supported. Experience
has shown that instruments that have been successful
in supporfing the domestic renewable energy sector in
one couniry have failed fo do so in others, despife a
broadly similar country confext. An offen-cited compar-
ison is between the UK., Danish, German and Spanish
wind sectors in the 1990s (Gross and Heptonstall, 2010;
Mitchell, 1996). All four countries had nascent wind
sectors as well as an industrial base in equipment
manufacturing. Yet the pressures created by the British
Non-Fossil Fuels Obligation, combined with a degree of
firs-mover advantage for Danish, German and Spanish
wind suppliers, milifated against the use of locally
manufactured equipment in UK. developments (see
Box 2.1) (Mitchell, 1996).

particioation of the UK's emerging wind industry, af the
level of both project development and equipment pro-
duction (Gross and Hepfonstall, 2010; Mitchell, 1996). An
addifional difficulty of the NFFO was that the successive
rounds of auctions provoked ‘rushes” on locations with
the highest wind speeds, oftfen the most scenic areas. This
exacerbated public opposition fo proposed wind farms,
creating significant barriers fo the acgquisition of planning
consent (ibid).

In contrast, the German, Danish and Spanish governments
provided targefed support for renewable fechnologies
through fixed-price premiums (Mitchel, 1996; Gross and
Heptonstal, 2010). These were more atftractive to small and/
or emerging domestic developers, manufacturers and
investors, having a lower administrative burden and pre-
defined subsidy revenues. The resulfant presence of local
‘stakeholder investors” is thought fo have confributed to
low levels of planning opposition experienced in Germany
and Denmark (Krohn and Damborg, 1999; Gross and
Heptonstall, 2010). The supportive investment environment
created in those countries facilitated the development of
a domestic wind industry, which was consequently better-
equipped fo respond 1o riskier investment opportunities
abroad, such as NFFO in the UK.
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Policy implementation

While the design of deployment policies is one imporfant
deferminant of value creation, their effective imple-
menfafion is anofher. As with any ofher policy, value
creafion from deployment policies benefits greatly from
a policy enviionment that is stable and predictable,
vel adaptable to dynamic market condifions. Such an
environment provides the impetus necessary to aftfract
iNnvestments, develop expertise and fechnologies, and
upgrade existing capacities fo builld a competitive do-
mestic industry and maximise associated value creation.

Country experiences amply demonstrafe the impor-
fance of policy stability in ensuring a susfainable and
smooth expansion of the renewable energy sector,
and the arising socio-economic lbenefifs. In Spain, for
instfance, a scale-back in FT support (af fimes refroac-
fively) in recent years has led to a significant dip in solar
installations and the closure of a large number of solar

Box 2.2

panel manufacturing plants (KPMG International, 2012).
The socio-economic effect of such policy action, further
compounded by the economic environment, was the
loss of over 20 000 jolbos in the solar PV industry and 14 000
jobs in the wind industry affer 2008 (IRENA, 2013a). Box
2.2 discusses some of the lessons learned from recent
pboom-bust cycles in the PV industry.

Similarly, policy uncertainty associafed with  exten-
sion of the Production Tax Credit for wind energy in
the United States has led to abrupt increases and
decreases in annual deployment levels. This has had
direct effects on value creafion in the sector. When if
seemed that the Production Tax Credit might not be
extended af the end of 2012, analysts warned fthat
wind jobs in the country could decline from 75 000 fo
41 000. By confrast, a mulfi-year extension could allow
the expansion fo 95 000 jobs by 2016 (AWEA, 2013;
Navigant Consulting, 2011).

BOOM-BUST CYCLES IN SOLAR PV

Several countries have observed PV bubbles provoked
by FiTs that were either over-generous or insufficiently
responsive to market developments, especially the rapid
decrease in costs and the global overcapacity that
have been observed in solar PV in recent years.

PV-producing companies have been subject fo a
dynamic environment of evolving policies globally, with
fierce infernational competition. Global overcapacity in
PV manufacturing has put additional strains on European
and U.S. manufacturers, resulfing in several companies
laying off employees. Some declared bankruptcy or were
faken over by other companies - including Q-cells, Solar
Millenium, Solar Trust, Konarka, Solarhyborid, Nova Solar,
Evergreen Solar and SpectraWatt (Hopwood, 2013).

Europe and the Unifed States fogether manufactured only
around 14% of PV modules globally in 2012, down from 17%
in 2011 and 43% in 2007. This is indicative of the shiff in man-
ufacturing fowards countries in Asia that offen benefit from
significant public support, enabling them fo be the source
of 86% of global solar module production in 2012 (Mehta,
2013). In order fo remain competitive, European and U.S.
manufacturers have demanded that anti-dumping fariffs
be imposed on Asian manufacturers. In 2012, fariffs were
imposed in the United States, while the EU agreed on mini-
mum price and volume limits for PV imports (IRENA, 20130).

The impacts of such measures on value creation
along different segments of the value chain (manu-
facturing and installation, for instance) are diverse
and contradictory. A higher price of imported PV
could increase the opportunity for value creation in
local manufacturing, but it could potentially decrease
the opportunity for value creation in the installation
and O&M phases, as well as in manufacturing of the
exporting country.

European importers of PV panels stafe that import duties
of as litfle as 15% could decrease demand for solar pan-
els by 85% (Dalton, 2013). However, a broader look at the
industry reveals that almost 70% of the PV value chain lies
within Europe. The value added of EU suppliers of capital
goods and raw materials, as well as of installers and
other downstream businesses, amounts to a combined
EUR 40 billion (USD 53.2 billion), with many thousands of
jobs (AFASE, 2013).

As a modular and guick-to-install technology, solar PV
is particularly responsive fo changes in the market envi-
ronment and hence is prone to boom-and-bust cycles.
This underlines the importance of a forward-looking FIT
regulatfion that enables tariffs fo be adjusted quickly fo
fechnological and market developments in a predict
able fashion (Mitchell, 2011).
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The success of deployment policies in enabling value
creation does not only require their implermentation
in an ongoing stable manner; they also should be
accompanied by vision and objectives, as part of a
forward-looking sfrategy and comprehensive action
plan. The accompanying required policy measures,
such as developing a strafegy based on barrier and
impact analysis and coherent policy-making and
implementation, neglected by
countries that adopt deployment policy instruments
(IEA-RETD, 2014, forthcoming). It is therefore necessary
that the entire spectrum of policies be considered fo
design and implement the right policy mix. A relevant
example for a strategic approach fo deploying renew-
able energy sector as part of a holistic strafegy is the
case of Mexico (see Box 2.3).

2.2 LOCAL CONTENT REQUIREMENTS

are  sometimes

With increasing competition on the global renew-
able energy market, developed and developing
countries with yef-uncompetitive renewable energy
industries are increasingly implementing local con-
fent requirements (LCRs), which are generally tied to
deployment policies such as FITs and auctions (see
Section 2.1). These policy measures are infroduced

Box 2.3

MEXICO'S STRATEGY TO DEPLOY RENEWABLE ENERGY

The structure of the Mexican energy secfor has been
characterised by the strong participation of the govern-
ment, led by the Ministry of Energy through the Federal
Electricity Commission. Over the last few years, policy
makers have collaborated fo overcome several sig-
nificant barriers that have impeded the deployment of
renewables, resulting in favourable changes in legislo-
fion, including the Law for Use of Renewable Energy and
Finance of the Energy Transition (DOF Mexico, 2008) and
the Law for Climate Change (DOF Mexico, 2012).

Among the outcomes were:

»  Setfing a farget fo generate 35% of electricity from
clean energy sources by 2024 (up from 16% in 2011),
without specifying the specific technologies and
armounts required fo accomplish this; and

»  Approval of an energy reform that provides the
basis for increased private sector parficipation in
power generation.

fo support the development of a nascent industry
by ensuring demand for locally sourced equipment
and services in an effort to maximise the value
created.

2.2.1 Policies promoting local content

Local content requirements require foreign or do-
mestic investors/developers to source a certain share
of equipment or a porfion of overall costs from local
manufacturers or producers. They can be designed
and implemented in different ways depending on the
broader policy objectives they intend fo fulfil.

Objectives guiding local content requirements

The design of local confent requirements allows gov-
ernments 1o farget specific socio-economic benefits
in line with their national priorities. For example, LCRs
could target job creation by specifying a minimum
percenfage of locally hired workers, or they could
intend to trigger the development of a local industry
by requiring the domestic sourcing of specific compo-
nents or services such as domestic financing. Box 2.4
presents the case of auctions in South Africa, which
clearly demonstratfes the inclusion of national priorifies
in the design and implementation of auctions.

To achieve these objectives, the government has put
in place different instruments aimed at sfrengthen-
ing value chains and increasing participation of the
private sector. These include fax incentives, grid con-
nection for permit holders and accountfing for exfer-
nalities in cost-based planning processes. Moreover,
over-production is sold fo the Federal Electricity
Commission at 85% of its value, which is important for
reducing risk for the investfors in the sector.

As a result, Mexico's renewable energy indusiry
received approximately USD 7.34 billion in invest-
ments between 2003 and 2012, mainly in the states
of Oaxaca and Baja California. The main investor
countries were Spain, the United States, Denmark
and France. Both project developers and egquipment
suppliers are present in the country, and several local
manufacturing facilities now exist for wind and PV

components.

Sources: SENER - hitp://www.energia.gob.mx; Presidie
htto.//www.promexico.gob.mx/, lIE - wwwi.iie.org.mx (o

la Repablica - http.//presidencia.gob.mx/reformaenergetica/#llanding, ProMexico -
ccessed on 3 March 2013)




Box 2.4

DESIGN CHARACTERISTICS OF AUCTIONS IN SOUTH AFRICA

The Renewable Energy Independent Power Producer
Procurement Programme, South Africa’s flagship deploy-
ment policy, seeks explicifly fo maximise economic
value from renewable energy deployment. Since the
programme is also aligned with the overarching social
goals of the South African government, extensive ‘non-
price” criteria are considered in the assessment process.
In particular, the Department of Energy assesses seven
socio-economic factors: job creation (weighting: 25%),
local content (25%), ownership (15%), socio-economic
development (the need of the communities surround-
ing the project site (15%), preferential procurement (10%),
management control (6%) and enferprise development
(6%). Each factor has a minimum requirement and also
a farget value, both of which increase with each succes-
sive bid round.

Job creation is considered a major component of
the assessment criferia and is aligned closely with the

Source! IRENA, 2013b

Implementation of local content requirements

In meetfing the setf objectives, different approaches
fo LCR
Table 2.2 provides an overview of selected country
experiences in designing and implementing LCRs

implementafion are being adopfed.

schemes. In many countries, LCRs are used as a
precondifion for the receipt of support measures
such as FiTs (e.g. Ukraine), fax exemptions or infro-
sfructure support. Some countries - including Italy,
France, Turkey and Malaysia - offer a premium over
regular FiT rates to companies meeting specified
requirements, Other countries impose a penalty
on companies that fail to meet LCRs. For insfance,
Croatian legislation plans to penalise companies
that fail fo meet the sef target of 60% by offering
them a reduced rafe of between 93% and 99% of
the full FIT (Kuntze and Moerenhout, 2013).

Local content requirements are generally fied fo
auctions. They can either be sef on a volunfary
basis, or as a precondifion for bidding. In the first
case, they aim to provide bidders with the oppor-
funity to score higher in the fendering process, as
the case for Morocco or South Africa. In the second
case, project developers are only eligible to bid for
an auction if they satisfy the requirements that are

government’s policy fo tackle unemployment, poverty
and inequality. The government is pursuing the job cre-
ation agenda in two different ways: first, bidders are
required to indicate certain statistics such as the per-
centfage of South African nationals, marginalised social
groups and people from local communities employed
in the project company. Second, increased local pro-
duction is required, which is defined with respect fo the
capital costs and costs of services procured for the con-
struction of the faclility (without violating the rules of the
World Trade Organization).

As part of the other criferia for evaluation, the process
requires the bids fo demonstrate a South African
entity partficipation level of 40% as well as setfing certain
thresholds on the actual level of cerfification of the local
partners. At the same fime, they are required fo indicate
the percentage of equity owned by marginalised social
groups and local communities.

setf, as the case of Quebec’s 2003 wind auction in
Canada.

Moreover, LCRs can also be applied as a precondi-
flon fo receive public financing. For instance, in Brazil,
project developers parficipating in auctions were ini-
fially required to get 40% of components from Brozilian
suppliers (rising fo 60% in 2012) in order to qualify for
subsidised loans by the Brazilion Development Bank
or Banco Nacional de Desenvolvimento Economico
e Social (BNDES). Another example is the case of the
auction in South Africa, where foreign banks need
fo be licensed to conduct regular banking business
in the country and all sources of funding must be
denominated in local currency. This has resulted
in South African banks playing a major role in the
country’s Independent Power Producer procurement
programme (Diemont ef al,2012).

In many cases, LCR legislation foresees a gradudal
increase of the percentage of inputs that needs to be
sourced locally over a period of several years. The ef-
fects of renewable energy policies with LCRs have been
quife different in the countries and provinces where
fhey have been applied (Kunfze and Moerenhout,
2013; Hao ef al, 2010).
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TABLE 2.2 LOCAL CONTENT REQUIREMENTS BY RET

JURISDICTION YEAR REQUIREMENT

Wind Power

China

Brazil

Quebec (Canada)

China

Brazil

Solar PV

India

[faly

France

CSP

India

MUIti-RET

Onfario (Canada)

Ukraine

South Africa

Turkey

Source IRENA, 2013a

1997

2002

2003

2003

2009

2010

2011

2012

2010

2009

2009

2011

2011

The "Ride the Wind Program” included a 20% LCR in two joint ventures for wind furbine
manufacturing. The program foresaw a gradual increase to 80%, dependent on the success of
mastering the technology. LCRs were combined with substantial financial support to maintain
affractive condifions for investors.

60% of wind equipment to be sourced locally under the PROINFA program (Incentive Programme
for Alternative Sources of Energy). Did not lead fo the development of a local industry. The
requirerment was removed in 2009, but replaced by the rules set by the Brazilian Development
Bank or Banco Nacional de Desenvolvimento Economico e Social (BNDES) (see below)

Under a TGW fender for wind, power purchase agreements were awarded fo developers
conditioned on a domestic content of 40% (first 200MW), 50% (next 100MW), and 60%
(remaining 700MW). A second fender of 2GW (2005) required 60% LCR, and a third fender
(2010) essentially maintained the structure of the second.

LCR (first 50%, increased to 70% in 2004) countfed for 20-35% of final evaluations of tender bids.
LCRs were not mandatory, but fied fo beneficial fariffs that varied by province. Additionally,
projects (of 50MW or more) managed by the National Development and Reform Commission
(NDRC) formallly required the same degree of local content. LCR were abolished in 2009 when
nationwide HTs were infroduced.

To qualify for subsidized loans by BNDES under its FINAME prograom, wind turbine makers
participating in auctions were initially required fo get 40% of components from Brazilian
suppliers, rising to 60% in 2012, From 2013, manufacturers have fo produce or assemble at least
fhree of the four main wind-farm elements (i.e., towers, blades, nacelles and hubs) in Brozil.
(BNDES subsidized loans are also available for solar PV projects, but as of August 2012, no
financing requests had been received.) This policy has led to the rapid growth of a domestic
supply chain.

National Solar Mission (NSM) aims fo install 22GW of on- and off-grid solar capacity. LCR is

a conditionality for FT eligibility. All cells and modules based on crystalline silicon are o be
manufactured in India; these inputs fypically account for over 60% of fotal system costs. The
government has announced extension of LCR fo thin flm modules in the second phase of the
NSM

Conto Energia 4 (RE act) offered a 5-10% FiT bonus o plants that incorporate 60% or more of
components manufactured within the EU.

A 10% bonus is offered on the price that Electricité de France pays for solar electricity, if 60% of
the added value of the installed solar panels is generated within the EU.

The National Solar Mission entails a LCR of 30% (excluding land costs) for solar thermal power
plants

Green Energy and Green Economy Act condifioned FT support on minimum domestic
confent, Wind power projects were required o meet a minimum LCR of 25% (50% from 2012),
and solar PV projects 50% (rising fo 60% in 2012).

A rising share of a renewable project’'s cost has o be sourced domestically to e eligible for HIT.
Requirements for wind and solar projects start af 15% in 2012, and rise to 30% in 2013 and 50% in
2014. Biogas and hydro plants must meet LCR of af least 50% from 2015 onwards.

Wind tender requirement of 25% local confent, which the government aims fo raise sfep-by-sfep
o 45% (first bid submission phase), 60% (second phase), and 65% (third phase). For solar PV,
the LCR rose from 28.5% under the first window fo 47,5% in the second window.

RE Law of 2010 offers renewable electricity producers higher FiT rafe schemes if they use local
components in their projects. The premium is in proportion o the local confent of inputfs to RE
equipment, and varies by RET (up fo 42% over the base rate for biomass, 54% for solar PV, 146%
for geothermal, and 151% for wind)
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2.2.2 Value creation through local content
requirements

Governments adopt LCRs with the aim of creating
value by supporting the development of local nascent
industries or services, creafing employment and/or
promoting fechnology fransfer. These impacts can
materialise along different segments of the value
chain as well as within the supporfing services such
as the financial secfor. However, assessing the impact
of LCRs on value creation is difficulf, especially in coun-
fries where multiple support policies are adopted.

Four determinants may help to analyse the effects of
LCRs on local value creation in the countries where
they are adopted while minimising market distortions
and additional costs for local electricity consumers
(Kuntze and Moerenhout, 2013).

»  Market size (both local and regional) and stabil-
ity are important prerequisites for investors for the
development of projects or for the establishment
of local manufacturing sites. They refer, among
ofhers, To the resource potential for renewable
energy, the amount of government support and
fhe long-term demand for renewable energy proj-
ects. Market size and stability are vital as they can
atftract investors despite the additional cost that
LCRs can cause. In small and unstable markets,
manufacturing sites will rarely pay off since the
economies of scale necessary for cost-effective
production cannot be reached (Hao ef al, 2010).

» It is crucial that the share of local content
required for an investment is chosen appropri-
ately. If it is too high, LCRs will demotivate project
developers o invest, as local components might
be difficult or foo expensive fo source. Also, G
government should fake into consideration the
country’s available production capacities in order
fo avoid botflenecks and delays in the realisation.
However, if the share is foo low, it will not increase
local confent but potentially only create adminis-
frative hurdles. Governments should confinuously
affempt fo monifor the effect of their LCRs in the
market and should amend them according fo the
needs they see 1o profect certain local industries.
Usually, the restrictiveness of LCRs increases over
fime, as domestic industries are supposed fo gain

competitiveness. There are no empirical studies
on what an appropriate level of resfrictiveness is.
Generally, LCRs should be designed carefully with
the involvement of different stakeholders (par-
ficularly the private sector), and an exif strategy
should be included to assure security for investors
(IRENA, 2013b).

» It is important that governments integrate local
and infernational businesses (project develop-
ers and component producers) in the design
of their LCR scheme. Governmenfs con learn
how fo defermine appropriate LCR rafes, while
the local businesses can prepare co-operation
with ofher businesses along the volue chain of
products and identify their need fo protect infant
industfries from the infernational marketf. Local
pusinesses are also an imporfant countferpart
and partner for investors, as their know-how can
e fransferred. For example, the know-how of
construction companies could be used for wind
furbine installations.  Furthermore, the govern-
ment can fest what policy measures may be most
appropriate fo cafalyse local manufacturing.

» LCRs will only catalyse long-term competitive-
ness of local businesses if the government
incentivises innovation and learning-by-doing.
Businesses will have the chance fo become in-
fernafionally competitive only if they develop the
necessary technological capabllities required for
learning and for improving efficiency and quality.
Further, LCRs should first focus on components or
services, for which global competifion and mar-
ket barriers are notf foo high.

Moreover, the design of LCRs should consider existing
areas of experfise along the different segments of the
value chain and be directed at those with the highest
development potential. For example, developing do-
mestic PV manufacturing capacity can leverage an
existing semiconductor-based industry, and similarly,
a robust steel and/or cement industry can serve as a
pbase for manufacturing wind components. The case
of India (see Box 2.5) provides insights into the chal-
lenges of implementing LCRs, focusing on developing
upstream manufacturing of a specific technology
that could be undermined by using ofher fechnology
options.
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In general, LCRs should be accompanied by other
policies aimed af sfrengthening local firm capabilifies,
ensuring the availability of skilled labour and facilitat-
iNng access fo finance.

2.3 INVESTMENT PROMOTION AND
TECHNOLOGY TRANSFER

Access to finance is among the critical success factors
for the development of the renewable energy sector
and value creatfion. As such, investment-promaotion
mechanisms are being adopted to overcome exist-
ing financing barriers and fo atfract investors info
the sector. In the absence of a well-developed local
financial market, these mechanisms aim fo facilitate
foreign investments, including foreign private sector
investments. Aside from employment creation and
the development of new sectors, the lafter may also
contribute fo technology fransfer and the enhance-
ment of domestic capabilities (e.g.. in manufacturing,

Box 2.5

EXPERIENCES WITH LCRS IN INDIA

In 2010, the Indian government launched an auction
scheme with LCRs for solar PV and CSP planfs as part
of its Jawaharlal Nehru Natfional Solar Mission. In the
first round (2010-2011), the scheme required investors fo
source crystalline silicon modules locally (the LCR did not
apply fo thin film modules). In the second round (2011-
2012), the LCR was extended to crystalline silicon cells.

The Indian auction with LCR has so far had a limited
impact on the development of a PV industry. A first
reason appears to be that many project developers
circumvented the LCR, limited fo crystalline silicon
components, by using thin flm components, which
they could source cheaply from abroad. A factor
that potentially further increased the attractiveness
of using thin flm modules was a programme by the
U.S. Export-Import Bank that offered cheap loan rates
fo investors using U.S. thin film fechnology. In the most
recent round of bidding, however, the LCR was made
fechnology neutral for solar, thereby addressing the
thin film loophole. The capacity that was fendered
was divided info two catfegories instead:"'non-LCR" and
"LCR" (MNRE, 2013).

Source: (Johnson, 2013)

innovation and R&D). This section explores this dimen-
sion of value creation by looking info The role of foreign
investments in fechnology co-operation. If starts with a
discussion on different policies that can lbe adopted
fo facllitate investment in the sector. This is followed by
a discussion on how policy makers can aim fowards
higher levels of technology transfer and co-operatfion
as a result of increased foreign investments, thereby
maximising value creation.,

2.3.1 Policies facilitating investment in renewable
energy

Investrments in the renewable energy sector are nec-
essary fo increase deployment. These investiments
can be directed af different segments of the value
chain and come from diverse sources, bofh domestic
and foreign. They include professional investors such
as commercial banks, equity firms, insuronce com-
panies, pension funds, industry bodies, clean energy

A second reason for the ineffectiveness of the Indian
scheme seems to be conflicting government policies
and incentives at the regional, stafe or federal levels. For
instfance, locally manufactured PV modules and cells
were subject fo government duties, while imported com-
ponents were exemptfed from duties. Due to the exemp-
fion of thin film components and o higher duties on local
components, it appears questionable that the infant
local crystalline silicon manufacturers, which the LCR
scheme was meant fo support, were protected sufficiently
from the infernational market fo become competitive.

The Indian scheme focuses strongly on developing local
crystalline silicon module and cell markets; global com-
petition in these markets is very high due fo overcapaci-
fies and very low prices for PV systems. The government
did not, however, attempt to increase the local share in
assembly, installation and maintenance of PV projects,
although those parts of the value chain of PV projects
have significant local content and employment poten-
fial. Finally, most local manufacturers in India focus on
low-cost assembly of PV components and invest little in
R&D and innovation potential.
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companies and development finance institufions, as
well as start-up project developers (IRENA, 2012¢). In
order fo atffract investors 1o the sector, investment-pro-
motion mechanisms are being adopted to overcome
existing financing barriers and fo increase the financial
feasibility of renewable energy projects.

Financing mechanisms that are suitable for renewable
energy development depend on countfry-specific
conditions such as the maturity of renewable energy
markets, inancial market development and the gener-
al environment for investment. Financing mechanisms
include regulafory and incentfive measures that shift
investment info renewable energy (banking regula-
fions, reduced inferest rates, efc). It also encompasses
fargeted inferventions that aim fo maximise the lever-
age of addifional investment into the sector, which can
e achieved by addressing existing investment barri-
ers. They include guarantees fo mifigate lending risk,
project debt financing, loan soffening programmes,
and granfs for project development cosfs. Ample
sfudies discuss the overall financing mechanisms
relevant for the renewable energy sector. This section
focuses specifically on investment approaches that
aim for higher levels of technology transfer, thereby
maximising value creation. These include investments
from foreign sources, such as development finance
insfiftutions and foreign direct investments.

Development finance institutions

Development finance institutions (DFIS) play an im-
porfant role in directing infernational funds fo local
stakeholders, normally through national government
agencies or national development banks. DFIs and
other public investors (foreign and nafional) can
include in their objectives socio-economic effects in
addition fo market development. This maximises value
creafion from renewables beyond financial refurns,

Development banks and infernational donors can
finance large-scale renewable power projects in de-
veloping countries through multilateral and bilateral
official development aid. Examples include the World
Bank’s Climate Investment Funds and, specifically,
the Clean Technology Fund, with  commitments of
USD 8.5 billion until 2013 (CIF, 2014). As of December
2013, the Clean Technology Fund had approved
USD 1.5 billion to support large-scale deployment of
renewable energy in 10 middle-income developing

and emerging countries (Chile, Colombia, Egypt,
India, Indonesia, Mexico, Morocco, Philippines, South
Africa, Thailond, Ukraine). Also, through its Scaling Up
Renewable Energy in Low Income Countries Program,
it provides support for renewable energy in an addi-
fional eighty-six pilof low-income countries (CIF, 2014).

Beyond project-level investments, infernational inance
instifutions have confributed to rising iNnvestment op-
portunifies for the private sector through large finance
portffolios (Afferidge et al, 2009)? As discussed earlier,
one of the challenges in reaching commercial viability
of renewable energy projects is accessing affordable
finance for projects, especially those involving new
fechnologies. For instance, the bankability of projects
for CSP (parabolic frough) and offshore wind fech-
nologies could be lower than for more established
fechnologies, such as solar PV and onshore wind en-
ergy. In the case of onshore wind, which has reached
grid parity in many locations, the involverment of local
pbanks in the financing process is quite common.

The involvement of local banks has supporfed re-
newables deployment in Morocco, although this was
notf the case for the country’s Ouarzazate CSP plant
(see Box 2.6). For that project, achieving commercial
viability required much higher levels of investment
fo cover both the high capifal costs of risk as well as
costs associated with market development for capac-
ity building and infrasfructure needs (Falconer and
Frisari, 2012). For infernational financial institutions to
channel funds fo developing countries in support of
renewable energy plans, two factors are critical aside
from abundant renewable energy resources: 1) strong
government commitment that is materialised in policy
certainty, and 2) buy-in from the private sector (nation-
ally and internationally), which can ensure long-ferm
development of the renewables sector.

Foreign direct investment

Foreign direct investment (FDI) is generally channeled
through transnational companies. Such investments
play an important role in helping the host country
enhance value creafion with respect fo knowledge
acquisition, employment creatfion and upgrading co-
pabilifies along the value chain of different RETs. While
the effects of FDI cut across the value chain, they may
e found especially in project planning, manufactur-
ing, construction and O&M. For example, Dii (2013)
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Box 2.6

INTERACTION BETWEEN INTERNATIONAL DONORS, NATIONAL GOVERNMENTS AND PRIVATE
SECTOR INVESTMENTS TO SUPPORT RENEWABLE ENERGY PROJECTS IN MOROCCO

Morocco's 160 MW CSP power plant in Quarzazate is
an example which underlines the importance of infer-
national donors and private investment for deploying
large-scale renewable energy projects (Falconer and
Frisari, 2012). The implementation of Ouarzazate |, with
investment costs of approximately USD 850 million, is
ensured by a public-private partnership approach with
independent power production and a power purchase
agreement for 25 years.

estimates that about T million jolbs may be created in
manufacturing, construction and O&M as a result of
investments in an integrated EU-MENA power system.,
To these, additional second-order effects on the larger
economy are to be expected. However, the full potential
that FDI offers can be harvested only through a proac-
five approach by the government fowards creating an
enabling business environment for investors, offering
affractive incentives and encouraging  investors  fo
maoximise local value creation through their operations.

The two main desfinations for foreign investment in
renewables are 1) financing and building facilities
for manufacturing parfs and components, such as
investrment in an invertfer factory in South Africa by the
German company SMA, and 2) financing electric-
ity generation projects such as the Ouarzazate CSP
project in Morocco or the Shams 1 CSP project in Abu
Dhabi, United Aralo Emirates.

So far, most FDI for manufacturing solar and wind en-
ergy parfs and components has been concentrafed
in developed countries (Hanni ef al, 2011). However,
developing and emerging countries increasingly have
affracted investment in such activities - especially
countries that offer larger and more stable markets
(eg. China, India, South Africa, Malaysia and Mexico).
Between 2003 and 2010, China, India and Malaysia
hosfed approximately 30% of all renewable energy
manufacturing FDI projects (Hanni ef al. 2011). A similar
paftern can be observed with respect o electricity
generation projects, although the landscape of host
countries is more diverse,

Tofinancethe project, the private consortium selectedinthe
fendering process provides 75% of the required equity, and
the World Bank’s Clean Technology Fund, co-financed by
the African Developrment Bank and European donors (AFD,
KfW, EIB, NIF), and provides soft loans of approximartely 675
USDmillion for the project. Additionally, the Neighlborhood
Investment Facility and the Internatfional Climate Inifiative
of the German government support the project through
almost USD 34 million in grants as part of the equity share of
Morocco's Agency for Solar Energy (MASEN).

Enabling environment for foreign direct
investment

The specific drivers of FDI in renewable energy proj-
ecfts, especially investments in sefting up production
facilifies for parfs and components of RET, vary buf
can be grouped info three main cafegories, as per
UNCTAD (2010) (see Figure 2.1): 1) the general policy
framework with respect fo market creation policies
(le., RET deployment policies discussed earlier in
Section 2.1), firm-level policies fo strengthen capabili-
fies (see Section 2.4), and local content requirements
(see Section 2.2); 2) economic determinants referring
fo the specific drivers for investment and 3) investment
promotion and facllifation measures (see below).
Other factors include the presence of an educated
workforce (see Sectfion 2.5), adequatfe infrasfruc-
fure, the rule of low and a functioning bureaucracy
(UNCTAD, 2011).

Effective investment promotion and facilitation
measures have proved o be crifical for aftracting FDI
fo developing countries (World Bank, 2013). To make
the most from atfracting investment with respect to
job creation, fechnology fransfer and private sector
development, the governments of developing coun-
fries need fo be proactive in “strategically fargefing,
guiding and nudging foreign invesfors” (IEA-RETD,
2014, forthcoming). Such an approach could lead
fo a higher level of embeddedness of foreign inves-
fors in the productive secfor of the host economy,
contribufing fo increased value creation. Examples
of strafegic investment promotion programmes exist
in various countries (see Box 2.7 for a discussion of
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FicUre 2.1 FDI DETERMINANTS FOR RENEWABLE ENERGY EQUIPMENT MANUFACTURING

ECONOMIC DETERMINANTS

GENERAL POLICY FRAMEWORK

H MARKET CREATION POLICIES FOR H
__________ . GENERATION POLICIES 3

LOCAL CONTENT REQUIREMENTS
FOR
GENERATION PROJECTS

EFFICIENCY SEEKING:

LABOUR SKILLS & COST

INFRASTRUCTURE FOR EXPORT

Source: Hanni et al. (2011, 40) based on UNCTAD (2010)

Costa Rica’s strategy in the knowledge-based sec-
for). These strafegic investment promotion programs
have materialised in the sef-up of manufacturing
facilities for different parts and components and the
engagement of local suppliers, which further confrib-
ufed fo spillover effects in the economy. The practical
lessons for the renewable energy sector in terms of

Box 2.7

STRATEGIC ASSET SEEKING
RESOURCE SEEKING

MARKET SEEKING
(DEPENDS TO A LARGE EXTENT IN THE
MARKET FOY ENERGY GENERATION)

b HOST COUNTRY AND LOCATION SELECTION

PROMOTION AND FACILITATION

PROJECT SPECIFIC INCENTIVES

H INVESTMENT FACILITATION
R&D .

maoximising value creafion that can be extracted
from the case presented in Box 2.7 are: (1) elaborat-
ing a coherent and long-ferm strafeqgy for developing
the sector; (2) offering government commifment fo
investing in education and fraining programs; and
(3) committing fo the support of foreign investors
through various services.

STRATEGIC INVESTMENT POLICY IN COSTA RICA

Recognising the value of a knowledge-based economy
and leveraging on the advanced level of education
of its population, Costa Rica’'s government sought to
attract foreign investment through a National Strategy
for Investment Promotion inifiative. The strafegy, centfred
around a fechnology policy that prioritised the improve-
ment of domestic felecommunication infrasfructure, also
promoted education focused on information fechnolo-
gies and encouraged fechnological pilot projects with
infernational corporations. Within this initiative, foreign
high-tech firms such as Microsoft, Hewlett-Packard and
Boeing were invited to make investments in Costa Rica.
This eventually led to a big investment by INTEL, which
has committed to invest USD 500 million in a production
site for assembling and festing Pentium-Il processors.

Source. Spar, 1998

INTEL offered no major firm-specific concessions when
selecting Costa Rica from a number of potential
assembly plant sites that included Brazil, Chile, Mexico,
the Philippines and Thailand. Costa Rica’s focus on an
electronics strategy, its willingness o invest in fraining,
and its sfrong commitment fo the INTEL project were the
main factors contributing fo this choice. The facilitation
work undertaken by Costa Rica’s investment promaotion
agency CINDE, as well as the president’s personal sup-
port for the project, were decisive.

The INTEL production site friggered follow-up investments
by suppliers. Subsequently, other large corporations,
including Hewlett-Packard, opened a regional service
centre for Lafin America in Costa Rica.
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Investment promotion. In some developing countries,
investment promofion agencies have shown fo offer
comprehensive services that include providing relevant
stafistical information to potential investors, forming
partnerships  with ofher  investment promaotion and
domestic institutions and promoting incentives offered
(see the examples of Tunisia and Morocco in Box 2.8).

Indeed, highly important elements include: (1) strate-
gic targeting at the firm and sector levels (across all
elements of the value chain from design fo purchas-
ing, production, distribution, services and R&D) (OECD,
2005), (2) establishing partnerships across agencies
(government agencies, private sector associations,
fechnical bodies, promotional agencies) for gathering
information and effective dissemination, and (3) pro-
viding accessibility to investors (World Bank, 2013). The
OECD (2009) further adds that “roofing FDI in the host
country through good linkages with local suppliers,
subconfractors, business partners, fechnical institutes
and universities, efc., and through good facilitation in
fhe post-investment phase” is necessary. An increas-
iNng number of sfudies has been concerned with
assessing local manufacturing capabillities along the
value chain for solar energy fechnologies, especially in
the MENA context (Gazzo, 2011, GIZ, 2012b; GIZ, 2013;
World Bank, 2013). Such studies can inform policy

Box 2.8

INVESTMENT PROMOTION AND FACILITATION IN TUNISIA AND MOROCCO

The Tunisian Foreign Investment Promotion Agency (FIPA)
was recently highlighted in the World Bank report Global
Investment Best Practices in 2012 as a best practice in pro-
viding sectoral information. The agency’s online content,
available in eight languages (Arabic, Chinese, English,
French, German, Italian, Japanese and Spanish), pro-
vides potential investors with comprehensive decision-
relevant information on  six selected sectors (food,
mechanical, leather and shoes, electronics, information
and communicating fechnology and textiles).

The website’s breadth of information and ease of navi-
gation suggest a deep understanding of investors” infor-
mation needs and exploration habits. The site provides
information on each sector, including data and figures
on production, employment and exports, and appraisal
of Tunisia’s assetfs. It lists key location advantages,

Information on Tur

013) based on inferviews

ine materials |

makers abouf the competitive advantage in these
secfors relafive fo the requirements of infernafional
investors, which can then guide investment promotion
and facilifation agencies in their effort fo atftract private
secfor investors in the specific sector and activities.
One of the crucial elements of FDI is the potfential for
fechnology and knowledge transfer, which can further
add local value within the renewables sector and in
industry in general.

2.3.2 Value creation through investment
promotion and technology transfer

The opportfunifies for value creation from promofing
investments in the sector are manifold. Aside from
the employment creation and the value that resulfs
from developing renewable energy projects and
manufacturing facilities for components, there is ad-
ditional potential for value creation in the financial
sector ifself as well as other opporfunities for value
creation from the knowledge transferred through
foreign investments,

As menfioned earlier, investments can be sourced by
local stakeholders or by foreign investors. In the case
where the former applies, value is creafted through

indicates the country’s competitiveness in comparison
fo ofher potential investment destinations and provides
success stories of major investors that currently have
a presence in Tunisia. Overall, the online portal allows
potential investors to attain a balanced overview of costs
and conditions in Tunisia for a specific sector of inferest in
a relatively short period of fime.

The Moroccan Investment Development Agency (AMDI)
was established in 2009 as a financially autonomous
public institution. More recently, business associations
(such as the Fédérations des Chamlbores Professionelles
and the Conféderatfion Générale des Entreprises du
Maroc, CGEM) became part of its board of directors.
Like FIPA, AMDI is explicitly mentioned as a best practice
by the World Bank (2013), In part for its development of
an infegrated approach o handling investor inquiries.

ot al. (2013) based on FIPA-Tunisia (2013) and World Bank (2013). Information on Morocco from Vidl-
n
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the inferest earnings, capital appreciation and/or
dividends that resulf from profitable investments. In
the case of the latter, although the financial value
is generafed in the lending country, the local value
that is created is the resulfing contribution fo fech-
nology transfer and the enhancement of domestic
capabilities (e.g.. in manufacturing, innovation and
R&D). In some cases, foreign investments are chan-
neled through local institutions which confributes to
building the capacity of the local financial sector.
This section explores this dimension of value creation
by looking info the role of foreign investments in fech-
nology and knowledge fransfer. Such a process can
e guided by firm-level and national-level strategies
through linking tfransnational companies with local
small-to-medium entferprises (SMEs), and also af the
international/global level through fechnology co-
operafion mechanisms.

Technology fransfer is important not only for acquir-
ing codified or explicit knowledge (in the form of
blueprints, software, equipment), but also for acquir-
ing facit or infangible knowledge. This is the type of
knowledge that comes with practice, that is difficult
fo measure and that is highly embedded in the
process of learning how fo use, maintain and adapt
cerfain fechnologies, broadly defined. Both types of
knowledge are essential for enabling technology-ac-
quiring entities fo absorb, use and apply fechnology
fo various productive purposes. Enhancing domestic
fechnological capabilities is crifical for facilitating
both the diffusion of existing RETs within host countries
and the adapfatfion of these fechnologies to the
framework conditions in these countries (Ockwell
et al, 2010). Hence, in order for technology transfer
facilitated through investment fo be effective, it must
fake place as part of a wider process of fechnological
capability building” in host countries (Ockwell ef al,
2007). To this end, various channels for tfransferring
fechnology are relevant. These include, among ofh-
ers, providing education and training and forming
pbusiness linkages.

Education and training. One channel for fechnology
fransfer is education and fraining, whichis linked fo the
acquisition of fechnical equipment, the employment
of local workers in infernational firms, and participation
in tfrade fairs or worksnops. Education and fraining is
discussed further in Section 2.5,

Business linkages are one of the formal channels
for technology fransfer which maferialise info joint

venfures, partnerships and consorfiums,  tfechnol-
ogy licensing programmes, technical assisfance
programmes  or research  collaboratfions.  Business

linkages (bofth horizontal through mutually beneficial
relafionships befween businesses at the same level
of the value chain and vertical through relafionships
pbetween businesses from different levels of the chain)
have been identified as one of the most effective ways
for SMEs to both access more advanced knowledge
and enhance their capabllities, enabling them to
produce higher value-odded goods and services
(Alfenburg, 2005).

The large-scale production capabiliies of fransna-
flonal corporations, coupled with the flexibility and
specialisation of SMEs, allows for successful fechnol-
ogy fransfer through spill-overs and trickle-down ef-
fects, leading to win-win opportunities (Vidican et al.,
2013).

Whether foreign investment is geared towards achiev-
iNng higher technology transfer depends on the stra-
fegic approach of the government and on the firm'’s
level of involvernent in achieving a higher level of infe-
gratfion in the fransfer process. For instance, if foreign
investment is Nnot accompanied by the development
of local industry and engagement of local suppliers,
the level of technology fransfer is likely fo be limited. An
illustrative example is Toyofa's decision to manufacture
the Prius hybrid vehicle in China but to import all com-
ponents. This resulfed in limifed fechnology fransfer
(Ockwell ef al., 2007).

Outside of large emerging economies, such as
China, Indio and Brozil, few developing countries
have engaged in formal mechanisms of fechnol-
ogy fransfer, such as joinf venfures and fechnology
licensing. Although it currently faces market access
problems, the Egyption company SWEG (Sewedy
Wind Energy Group) was created as a joint venfure
with SIAG Schaaf Industrial AG, a German wind tower
manufacturer. In 2007, SWEG also licensed technology
from a small Spanish technology company, MTorres,
for fransferring know-how on manufacturing gearless
wind furbines. However, the slow development of a
sizable local and regional market, due mainly to
political instability, has creafed severe operational
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challenges for SWEG and, more generally, for the
development of Egypt’s wind energy market (see Box
29). This example should lllustrate fo policy makers
that long-ferm visibility/predictability with respect fo
market development is necessary for capturing value
from foreign investment in the form of domestic knowl-
edge creation.

Turkey has also faken a strafegic approach fo promot-
ing joint ventures with technology companies from
the renewable energy sector, in Europe, the United
States and East Asia (see Box 2.10). The relatively large
local market, good renewable energy resources,
sfable policies and existing capabilities offer positive
signals fo potential private sector investors, allowing
them fo ramp up their activities locally along the life-
cycle of RETs.

Box 2.9

TECHNOLOGY TRANSFER IN THE WIND ENERGY SECTOR IN EGYPT

In Egypt. the El-Sewedy Group is the sole company fo
invest in wind energy through building up knowledge and
manufacturing capacity for turbine components, such
as cables, fransformers, communications and electrical
equipment. The company enfered the renewable energy
sector in 2004 through the creation of the Sewedy Wind
Energy Group (SWEG) with financial support from the
European Union, and has since grown fo include manu-
facturing and distribution facilities worldwide.

SWEG has established a fower-manufacturing facility,
fogether with the German manufacturer SIAG Schaaf
Industries AG. With construction starting in 2008, SWEG's
facility has an annual production capacity of 120 steel
wind fowers and produce infernal components like lad-
ders, ducts and platforms. The factory opened in March
2010 and plans call for increasing its annual production
capacity o 400 fowers. SWEG also plans to develop a
furbine and blade factory, utilising local knowledge of
fiberglass boat construction in the manufacturing of
glass-reinforced plastic blades.

Yet with the global wind-power market looking promis-
ing in 2014, SWEG has pressed forward with efforts fo

Anofher example is that of Morocco, where differ-
enf mechanisms for fechnology fransfer have been
used fo support the build-up of domestic capabilities
(see Box 2.11). However, the development of the sec-
for in Morocco is in a very early stage, which makes
it difficult to assess whether these mechanisms have
been effective. Yef, the approaches followed by
Nareva Holding in the wind sector by engaging with
foreign technology providers in all stages of the wind
energy life-cycle, and by AE Photonics in ferms of infer-
company fraining for solar water pumps are likely fo
contribute fo value creation in terms of employment
and knowledge capabilities upgrading.

The benefits from fechnology transfer for the host
countries are evident. In summary, several aspects
should be highlighted for policy makers, as relevant

acqguire cutting edge global technologies. In spite of
the clear potential for local wind-energy component
manufacturing, investment plans are stalled because
of Egypt’'s economic downturn and political instabil-
ity. Brecking info export markets, meanwhile can be
difficult without having a very strong track record in
the domestic market.

SWEG has investedin fraining, sending engineers abroad
fo attend courses, as well as developing an in-house
course, SWEG personnel and individuals from partner
companies in Spain and Germany all have access to
fraining, as SWEG attempts to learn the wind industry’s
entire value chain. Apart from blades, gearboxes are
the components that is most particular to wind technol-
ogy. SWEG has fried unsuccessfully to form partnerships
with leading European wind turbine manufacturers
Nordex and Gamesa fo acquire the necessary know-
how. A smaller lower-profile Spanish company, MTorres,
also possessed wind furbine technology, providing an
alternative transfer source. In 2007, SWEG acquired a
stake (first 30%, then a majority control) in MTorres, as a
way of obfaining knowledge to manufacture gearless
wind furbines.

Source: Vidican,2012, 38-41, based on inferviews with EFSewedy (Cairo, October 201T)
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Box 2.10

ENSURING TECHNOLOGY TRANSFER THROUGH JOINTVENTURES IN TURKEY

Turkey is a good-practice example when it comes to busi-
ness partnerships in the renewable energy sector that
are geared towards technology fransfer. Turkey aims fo
generate 30% of its power from renewables by 2030 and to
develop 600 MW of solar PV capacity by 2013. To achieve
these fargets, specific incentives are offered to frigger the
markefs for solar and wind. A FT for renewable energy and
an additional payment for locally produced equipment
atfract many investors to Turkey. The Turkish Energy Ministry
is seeking to further increase local contfent incentives to
stfimulate investment and local production (Nicola and
Parkin, 2013).

To build up production capabilities for solar PV, Turkey fos-
fers technology transfer by promoting joint ventures, aimed
at enabling the country to supply the emerging regional
market (ISPAT, 2013). For example, the Chinese solar cell
and module manufacturer, China Sunergy, and the
Turkish solar system provider and project developer, Seul
Energy Investment, have set up a solar cell and module
manufacturing plant in Turkey. This joint venture not only

on 14 March 21
March 2014)

fo not only affracting investment but also for incen-
fivising investors fo engage with local suppliers and
confribufing fo the enhancement of knowledge
capabilities and ofher
They include: (1) long-term market predictability; (2)
presence of (and commitment to develop) domestic
knowledge capabilities compatible with the needs
of the new sector (ile. wind or solar energy), and
(3) favourable conditions in ferms of ease of doing
business.

2.4 STRENGTHENING FIRM-LEVEL
CAPABILITIES

macroeconomic  effects.

The ability of a firm fo acquire, use and adapt tech-
nology and fherefore maximise value from ifs activi-
fies depends on its ‘capacity fo gain an overview of
the tfechnological components on the market,
assess their value, select which specific fechnology
is needed, use if, adapt and improve it and finally
develop technologies oneself (Meyer-Stamer, 2008).
Technological capabiliies enable firms fo identify

creafes 1 200 new jobs, but also supports Turkey's efforts to
become competitive in the solar energy sector.

German companies also are inferested in investing in
manufacturing plants in Turkey, as the recent example of
Nordex Enerji A.S. Vexco GmibH shows. Several German
SMEs plan on investing in solar manufacturing plants,
fuelled by high prices in the power market, electricity
demand and economic growth (Nicola and Parkin, 2013).
Joint ventures with- German companies are also being
promoted in the wind and hydropower secfors.

Recognising the abundant business opportunities in
Turkey's energy sector, the U.S. Commercial Service and
the U.S. Embassy in Turkey are acting as a liaison between
local companies and potfential U.S. suppliers of renewable
energy and energy efficiency equipment, services and
fechnologies. Several joint ventures have dlready lbeen

esfablished. The challenge for all these projects, however,
is to ensure that fechnology transfer occurs and increases
progressively.

niche market opportunities, to respond to competi-
five pressures and fo position themselves relative to
global and regional market dynamics. As discussed
earlier, strong knowledge capabilities also confribute
fo attracting investments and encourage technol-
ogy transfer. This section discusses policy measures
that can be adopted to promote the development of
capabilities of local firms as well as their confribufion
fo value creation.

2.4.1 Policies promoting the development of local
capabilities

Various programmes and policies can be strategically
fargeted towards enhancing capabilities in the private
sectfor, such as industriol upgrading programmes,
supplier development programmes and the develop-
ment of industrial clusfers that promote competition
and co-operation across a range of stakeholders.
These cross-cutting policy inferventions may result not
only in GDP growth, but also in higher employment,
welfare and improved private sectfor competitiveness.

62 The Socio-economic Benefits of Solar and Wind Energy



Box 2.11

TECHNOLOGY TRANSFER IN MOROCCO'’S SOLAR AND WIND ENERGY SECTOR

Technology licensing and joint ventures have Not yet been
used as mechanisms for technology fransfer in Morocco's
emerging renewable energy secfor. Insfead, business
partnerships in consortiums with foreign companies and
inter-company fraining are more commaon.

A good-practice example from the wind energy sector
is Nareva Holding, a company which has developed
partnerships with several international players, such as
GDF Suez Energy Infernational, Mitsui, TAQA and Enel
Green Power. By assessing the possible complementary
capabiliies and fechnology available, Nareva Holding
strategically selected its partners for different projects, aim-
ing at learning along the entire value chain. Hence, the
company pursued complete joint development in every
phase of the project with different working groups, such
as for legal, fiscal and technological areas. With a focus
on large-scale projects, Nareva Holding is further pursuing
the localisation of various manufacturing processes in
Morocco, thus maximising local value added.

Infer-company training can also be effective in fransferring
know-how. In the renewable energy sector, such fraining
should focus on the specific requirements of design-
ing and engineering large plants as well as O&M of the
facility. Various Moroccan companies in the solar energy
sector mentioned that they benefit from such training.
AE Photonics frains its staff with engineers from Lorenz, a
German solar pump manufacturer which supplies the
product fo AE Photonics, both on theoretical and practical
applications. Cerfain employees also participate in “frain
the trainer” activities in Germany.

Another example is a major electrical equiprment manu-
facturer, which provides training for 100 local SME partners
on various products. The company also works with a
Moroccan electrical engineering school and has its own
“learning room” in its manufacturing facility in Casablanca.
Also, the company CME (@ joint venture with a Belgian
company) sends new employees fo ifs Belgion partner for
fechnological on-the-job fraining.

Source: Vidican et al. (2013) based on interviews with various stakeholders in Morocco between February-April 2013

Industrial upgrading programmes

Industrial upgrading refers fo “the process by which
economic actors — nations, firms, and workers - move
from low-value fo relatively high-value activities in global
production networks” (Gereffi, 2005). For export-oriented
countries such as China and Mexico, one can assess
industrial upgrading by identifying shifts in the fechnol-
ogy contfent of their exports over fime.

Policies in support of specific upgrading programmes
exist in several countries at the national or regional
level. The proper fargeting of these programmes fo the
specific needs of the sector and specific types of com-
panies is crifical for the effectiveness of these inferven-
fions. Evidence shows that it is easier to move up in the
value chain where firms already have some knowledge
in that particular technological domain, as compared
fo moving to newer products for which no production
capabilities exist (Genl and Roffe, 2012). For example,
policy interventions to support local manufacturing of
fechnology-infensive CSP parts and components in
Morocco are not likely fo be very effective, at least not
at early stages of the industry’s developrment. However,
fargeting policy measures fo upgrade knowledge of

local firms fo engage in the life cycle/value chain of
solar PV and solar water heaters is more redlistic, given
earlier experience with these fechnologies.

Examples of indusfrial  upgraoding  programmes
abound, as they fend to be rather standardised across
sectors, Box 2.12 illustrates the case of Morocco, where
institutions and programmes aimed af SMEs upgrad-
iNg have been established, offering not only financial
but also custornised individual consulfing services. The
case also demonstratfes the imporfance of customising
policy inferventions (with respect to inancing, fraining,
management capabilifies, efc) to the needs of differ-
entf fype of firms exisfing in the secfor, and for them fo
e aligned with the strategic orientation of the sector in
order to maximise value creation.

Supplier development programmes

To further support value creation from RET, industrial
upgrading progrommes can be complemented by
measures fo encourage leading firms fo engage
in supplier development programmes that include
fraining, quality standards and monitoring. These
programmes are directed especially af enhancing
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fhe tfechnological capabllities of SMEs, enabling com-
panies fo capture value from renewable energy invest-
ments and fo foster closer linkages with foreign inves-
tors (IEA-RETD, 2014, forthcoming). Such programmes
help ensure that volue creation opportunities are
refained through the increased possibility of sourcing
components and services locally.

Internafional  experience suggests  that  supplier
development programmes are most effective when
they are driven by the private sector, especially lead-
ing firms, given their capability fo cusfomise these
programmes fo their specific needs. The following
measures have been identified o be effective for sup-
plier development support (Altenburg, 2000; [EA-RETD,
2014, forthcoming):

»  Coordination of information on promotion mea-
sures. To improve coordination and information
flows, a special coordinatfion unit that could de-
velop a joint strafegy might e relevant, o act as a
one-stop agency for the private sector.

»  Matching between potential customers and
suppliers. Instruments to promofe matching be-
fween potential customers and suppliers could
include sub-contracting exchange schemes,
supplier fairs and exhibitions, and information
and promotion events for suppliers.

Box 2.12

»  Economic incentives to promote supplier relo-
fions and fechnology transfer. Economic incen-
fives aimed at customers could include tax relief,
subsidies and advisory services; incentives aimed
at suppliers include credit guarantees, soft credit
and exemption from duties.

Supplier development programmmes designed for
ofher sectors can serve as a model for replication in
the renewable energy sector. One such example is
Egypt’s National Suppliers Development Programme
for the automotive industry, which was jointly imple-
mented with General Motors and the Egyptian Ministry
of Trade and Industry (see Box 2.13). The main lessons
drawn from this programme include the need 1o
conduct and establish: a thorough assessment of do-
mestic capabilities among local suppliers; customized
services based on gaps in the suppliers” capabilities
and needs of the lead firms,; and close engagement
of policy makers with the private sector, both with local
firms and foreign investors.

Cluster development

A cluster typically refers fo “a geographic concentra-
fion of inferconnected economic and innovative ac-
fivities in a particular field, such as renewable energy”
(IRENA, 20130). It usually includes stakeholders from
universities and research insfitutes, the industry and
government institutions. These stakeholders have

INDUSTRIAL UPGRADING PROGRAMMES IN MOROCCO

The Agence Nationale pour la Promotion de la Petite et
Moyenne Entreprise (ANPME) plays an important role in
supporting industrial upgrading programmes in Morocco,
offering notf only financial buf also individual consulting
services through two inffiatives, Moussanada and Imtiaz.

Moussanada offers financial support to SMEs to moder-
nise and improve their competitiveness. ANPME provides
funding for services up fo 60%, limited to almost USD 74 000
per enterprise. The programme is available through three
offerings: Moussanada [T, aiming fo accelerate the use of
information fechnology in SMEs; Moussanada Transverse,
optfimising support functions as sfrafegy, marketing and

Source! Vidican et al., 2013

organisation; and Moussanada Sector, fostering the busi-
ness skills of SMEs, related fo the production process, pro-
curement, design and R&D. According to ANPME, around
3 000 companies have profited from this programme so
far.

Imtioz is designed as a national investment competition
for high-potential enferprises with a development project,
offering tangible and infangible investment grants that
correspond fo 20% of the fotal investment. The overall
objective is to increase turnover, export activities and job
creation, as well as to infroduce new fechnologies or struc-
fural changes in the specific sector.
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common needs for fechnology and infrastructure
and are wiling fo collaborate with each other and
exchange information fo reach mutually beneficial
oufcomes. This bundling of resources, strengths and
competencies has the pofential fo provide a unique
competitive advantage (Porter, 1998). Industrial clus-
fers are important fo start up local industries and o
increase competitiveness and co-operafion across a
range of stakeholders.

The emphasis on co-operafion across a range of
stakeholders is especially important during the early
sfage of development of a renewable energy sector.
This is because addressing various risks and uncertain-
fies of a nascent sector requires cross-sectoral actions.
Leading firms are at the core of a cluster inifiafive as
they set the framework conditions and engage SMEs
fhrough upgrading and supplier development pro-
grammes. Also, they encourage research and educo-
fion institutions to work closely with the private sector on
solution-oriented problems.

Box 2.13

THE NATIONAL SUPPLIERS DEVELOPMENT PROGRAMME IN EGYPT

The National Supplier Development Programme (NSDP)
plans fo improve how local Egypfian suppliers engage
with multinational companies that operate across differ-
ent sectors in the country. The NSDP aims to increase
the competitiveness of local suppliers through moderni-
sation, so that they become part of the global supply
chain and accredited suppliers fo the infernational and
mulfinational companies, such as General Motors Egypf,
Mercedes, Procter and Gamble, Cadbury, Unilever, Kraft
and Schneider. This Prograrmme will lead fo an increase
in exports and further Egypt’'s economic development.

NSDP provides fraining, consultoncy and fechnol-
ogy fransfer to help companies attain infernational
standards. Their deployment plan provides each com-
pany with a gap analysis, defails of gap closure and an
impact assessment.

The NSDP fakes a value chain approach fo upgrading
the local suppliers of the fop 100 Egyptian manufactur-
ing companies with high export pofential. Each of these
‘mother companies” may invite 20 of their local sup-
pliers to join the programme if they prove both serious

Evidence shows that various measures are necessary for
policy makers fo engage in the creation of productive
clusters, including: (1) policy mechanisms that promote
a mix of competifion and co-operafion among firms;
(2) policies that emphasise linking of firms fo the local/
regional fechnological infrastructure of educatfion and
R&D insfitutions; parterships across private sector, aca-
demia and government; a balanced input of resources
frorn government and industry; (3) ‘nudging” private
companies and inviting them to collaborate and network
among themselves, frust-building and enhanced dic-
logue 1o create spillovers; (4) providing seed money and
R&D fo stimulate the creation of new productive firms; (5)
focusing on the need 1o create specialised knowledge;
and (6) learning and innovation based on a systems
view rafher than on isolated firms; and joint marketing
and regional branding (IEA-RETD, 2014, forthcoming).

While cluster inffictives in the renewable energy secfor are
quite established in developed economies, this “classic’
industrial policy instrument is stillin ifs infancy in developing

commitment fo the programme’s goal of fechnical
upgrading and their desire to grow through exporting
and contribute fo the upgrading costs. In this case, the
services provided are:

»  Individual analysis of each supplier’s fechnological
gaps and upgrading needs to meet the standards
defined by its mother company;

»  Technical assistance fo help the supplier close ifs
fechnological gaps; and

»  Consultation with the supplier about financial mat-
fers and providing credit, if needed.

In the first round, the programme provided support fo
20 suppliers of General Motors. In the second round, it
assisted another 220 suppliers of 30 mother companies
(many of them also in the aufomobile sector) with tech-
nical upgrading efforts, Mercedes reported that aftfer
faking part in the programme, the average productivity
of its Egyptian suppliers increased 35% and waste was
reduced by 45%. One supplier confirmed that after
parficipating in the programme, ifs productivity was
increased by 25% and its costs decreased by 40%.

Source: The Industrial Modernisation Centre, hito.//www.imc-egypt.org/prgnationalsuppliers.asp (Accessed on 31 August 2013)
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counitries (although it has been used widely in industries
outside the renewabbles sector). One reason for this relates
fothe very early stage of market development for RETs, the
limited number of strong industrial players around whom
cluster inifiatives can be organised and limited long-ferm
visibility with respect to market development.

In Morocco, for example, the development of an
automoftive sector was based on the cluster concepf,
with foreign companies such as Renaulf playing a key
role in organising the cluster and engaging with ofther
sfakeholders such as local suppliers, academia and
research, and fraining institutes. A similar atfermpt is be-
iNng made for the emerging solarenergy sector, through
the efforts of the Cluster d'Electronique, Mécatronique,
Mécanigque du Maroc (Ce3m) (Vidican ef al, 2013).
Given the small number of companies manufactur-
ing specific parfs and components for solar energy
fechnologies, Ced3m'’s approach has been to focus
on companies in complementary sectors, such as

Box 2.14

electronics and mechatronics, and fo encourage
them fo entfer the solar energy value chain, building
on their already existing cluster infrastructure (Vidican
et al, 2013).

Given the emerging state of clusfers in developing
countries, the experience of developed and emerg-
ing countries with cluster formation in the renewable
energy sector can be instructive. In particular, the solar
energy cluster in California (see Box 2.14, also included
in IEA-RETD, 2014, forthcoming) underscores the
relevance of having a sfrong industrial and research
base (e.g. in semiconductors) and opporfunities that
this creates for diversification info new sectors and
fechnologies.

In addifion fo state or provincial governments, munici-
pal authorities can play an important role in support-
ing the establishment of renewable energy industries.
The city of Dezhou in China is an example (Box 2.15).

CALIFORNIA'S SOLAR ENERGY CLUSTER

The development of California’s solar energy clusfer
benefifted from dedicated universities and research, a
first-mover advantage, a strong position in the new thin
film market, considerable support from relafed clusters,
and a robust incentive plan fo drive local demand and
cluster innovatfion. Various demand-pull and supply-
push policies enabled companies fo locafe in the
cluster and fo fake advantage of its manufacturing and
entrepreneurial resources.

Aside from market creation policies that enabled the
formation of a local solar industry, a government-
funded initiative, GoSolar, was set up fo act as a
‘one-stop shop” for solar companies and consum-
ers. GoSolar aims fo increase coordination among
firms performing different activities in the cluster. The
agency co-ordinates governments, financing part-
ners, contractors, new home builders and real estate
professionals.

Importantly, California’s Silicon Valley and venture capi-
fal clusters have played an important role in the growth
of California’s solar energy cluster. The Silicon Valley
cluster contfinues to be the leading hub for high-tech
innovation, both in the United States and worldwide. Af

Source: [EA-RETD, 2014, forthcoming, based on Gibson et al., 2011

the same time, a synergistic interaction between Silicon
Valley’s venture capital support and inferest in solar
fechnology created unique conditions for industrial
development in the region.

The solar cluster has also benefitted from the California
Renewable Energy Transmission Inftiative, which identi-
fies fransmission projects required fo meet energy
goals, supports energy policy and enables permitting.
Intersolar, the largest North American solar conference,
held in San Francisco, has successfully created shared
research and innovations across the sector.

Several factors have been identified that challenge
the relative competitiveness of California’s solar energy
cluster. These include reduced competitiveness in PV
manufacturing, fragmentation of solar fechnology
start-ups, incentive programme stability and company
relocation, and infrastructure (fransmission and installa-
fion permitting). The way in which California’s authorities
and ofher actors in the innovation ecosystem respond
fo these challenges, by potentially redirecting the focus
of the cluster towards boosting innovation capabilities, is
likely to influence the future of the solar energy sector in
the United States.
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Box 2.15

THE 2005 DEZHOU SOLAR CITY PLAN

Dezhou, a city of some 5.8 million inhabitants in north-
western Shandong province, fook on the role of incuba-
for for the local solar industry, which had suffered from
poorly developed financing mechanisms, skills short-
ages and a lack of quality standards. The 2005 Dezhou
Solar City Plan provided incentives 1o business such as
fax waivers, reductions, rebates, preferential land-use
policies and low-inferest loans. The Million Roof Project,
launched in 2008, required that all new residential buila-
ings be equipped with solar water heating facilities.

2.4.2 Value creation through the development of
local capabilities

First, the value created through strengthening capack-
fies of local firms is the knowledge that can lead to im-
provements of existing local products and processes.
This creafes value mostly in manufacturing through
improvements in the quality of locally sourced products
and services which 1) increase the competitiveness of
the market and 2) lead fo reliable installations which
increases deployment. Strengthening caopacities  of
local firms also increases the efficiency of processes
which can lead to further cost reductions and hence,
increased deployment. In this case, value creatfion is
also concentfrated in ofher segmenits of the value chain
such as installation and O&M.

In particular, industrial clusters are important to start up
local industries and o increase competitiveness and
co-operation across a range of sfakeholders (from the
private sector, industry, universities and research institu-
tions, and government institutions) who have commaon
needs for fechnology, knowledge and infrastructure. In
addition, industrial clusters can be effective in stimulat-
iNg iNnnovation in the private sector and confributing to
spill-over effects in the larger economy.

The industrial upgrading and supplier development
process is complex and requires confinuous acquisi-
fion of new skills alongside mastery of existing proce-
dures (Azodegan and Wagner, 2011). Such o process
can enable local companies fo enfer partnerships
with leading technology firms and fo benefit from sub-
sequent spill-over effects (Altenburg, 2000). Several fac-
fors are important for ensuring successful cufcomes in

Dezhou's solar water heatfing use now approximately
equivalent fo the entire EU. A renewable energy research
institute was established, and solar fechnology became
a specialised subject taught af Dezhou Technology
College and at vocational schools. By 2006, some
30 000 people were employed in solar energy-related
businesses, and anofther 20 000 - 30% of all new jobs
created in Dezhou in 2010 - were in the solar sector. The
plan is fo create 10 000 additional renewable energy
jobs in 2011-15 (ICLEI and IRENA, 2012).

ferms of value creation. They include developing and
retaining skilled human resources; gaining access fo
financial resources; enhancing managerial capo-
pbiliies and growth orientation of the enfrepreneur/
company, and enhancing design and engineering
capabilities (Vidican et al, 2013).

2.5 EDUCATION AND TRAINING

Assuming that current global frends in renewable
energy deployment persist, the demand for skilled
human resources is expected fo continue 1o rise, in-
creasing the risks of facing gaps in the skills necessary
fo develop the sector and creafe value. The adoption
of renewable energy is hindered by shortages in skills
in Many countries foday, which contributes fo project
delays, higher cosfs and insfances of faulty installo-
fions (ILO, 2011). This can lead to negative perceptions
about the reliability of renewables, thereby slowing
their deployment and reducing the pofential for over-
all value creation in the sector.

Education and fraining are the basis for economic
and ofher value-creating activities in all fields where
specific skills and knowledge are required and they
are crucial fo fransfer knowledge and sfrengthen
local capabilities for enabling the development of
a renewable energy sector. Policies that address
fhe requirements for the relevant skills, education
and fraining are vital fo realise the socio-economic
benefits of renewable energy and maximise value
creafion. This section discusses the policy fools and
the role of both the education and energy sectors in
education and fraining, focusing on how they can
contribute to value creation,
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2.5.1 Policies to promote skills development to
enable value creation

Recently, some governments have actively infegrated
education and fraining
energy support policies, and fthere are lessons that

into  national renewable
can be learned on how different stakeholders have
confributed to bridging the skills gap. This section
discusses some of the initiatives that governments
can undertake, along with selected experiences in
providing adequate education and training to serve
the secfor. A more detfailed analysis on the role of
other relevaont stakeholders can be found in IRENA's
Renewable Energy and Jobs report (IRENA, 2013a).
The extent fo which governments caon intervene in
fhe education sectfor depends on the aufonomy of
tThe educational institutions. When applicable, these
instruments should also focus on fechnical/organisa-
flonal support and on the regular monitoring, evalu-
ation and design of the systerm, and not only on the
transfer of know-how (IEA-RETD, 2014, forthcoming).

Effective and stable education and fraining policies
are vital fo support the sector and maximise value cre-
ation by ensuring the availability of the skills needed
for successful deployment of renewable energy. Policy
measures include strategic planning for skill needs;
financing for renewable energy education, fraining
and research; and the inclusion of renewable energy
in educational programmes. Other measures that
can be implemented by the education sector and
the industry are discussed in (IRENA, 20130). Education
and fraining exfends fo a broad range of acftivities and
fopics, and therefore the relafed policies inferact with
ofher policy areas. This is why close coordination with
ofther complementary policy areas is necessary.

Strategic planning for skill needs, education and
training

Policy-making is the basis and starting point for de-
veloping a renewable energy industry and providing
the relevant skills needed. Only if a comprehensive
renewable energy sfrafegy, combined with a stable
and consistent policy and regulatory framework, is in
place will the industry see the potential for business
opporfunities and value creation, and the need for
adequate human resources. This skills demand trig-
gers the education sector fo provide the necessary

education and fraining, notwithstanding a number
of innovafive, forward-thinking institufions and indi-
viduals that already offer related courses prior fo the
implementation of renewable energy policies and the
establishment of an industry.

To allow adequate planning for the education sector,
it is crucial fo align educatfion and fraining policies
with the natfional renewable energy sfrategy and
the respective support policies. A positive example
is Malaysia’s National Renewable Energy Policy and
Action Plan, which demonsfrafes how the build-up
of local experfise and skills can be included in a na-
flonal renewable energy strategy in a consistent way
(see Box 2.16). A well-planned strafegy for education
and fraining is key fo enabling the development of a
domestic renewable energy sector and creatfing value.

Such a sfrafegy ideally would be based on a quantifa-
five and gualitative assessment of the potential skills re-
guirements and needs. The quantitative assessment,
in ferms of the number of jolbs that would be creafed
as a result of implementing the national renewable
energy strategy, is discussed in Chapter 3. The qualita-
five assessment can be based on inferviews or surveys
fo 1) analyse the skills needed for the expected oc-
cupations, and 2) identify the potential sources of skill
supply offering education, training and upskilling the
existing workforce, recruiting from other sectors, efc.
(ILO, 2011). Also, there are fools that can support some
of those activities, such as Capacity Development
Needs Diognostics for Renewable Energy (CaDRE)
(see Box 2.17).

The idenfification, anficipation and provision of ad-
equate education and fraining is a shared respon-
sibility among various stakeholders, which include
the public and private secfor, industry associations,
labour organisations and fraining providers. The more
inclusive the dialogue between stakeholders, the
higher the chances of success of arenewable energy
strategy and the higher the resulting value creafion.

Providing financial support for renewable energy
education and training

As mentfioned previously, education policies and
acftivities should be underpinned by public support in
order fo create value. Public financing can support
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Box 2.16

Malaysia’'s National Renewable Energy Policy and Action
Plan, approved In April 2010, includes five strafegic thrusts.
One of them, Infensifying Human Capital Development,
proposes actions that are designed fo build up local
expertise and skills in renewable energy, and to provide
individuals with the appropriafe incenfives fo acquire
these skills. Actions include:

»  Incorporating renewable energy into fechnical and
ferfiary curricula, requiring collaboratfion with rel-
evant ministries and certification of fraining courses
according fo the National Skills Development Act;

»  Developing fraining institutes and centres of excel-
lence, meeting infernational quality standards for
renewable energy education and promaoting high-
class facilities at universities;, and

»  Providing financial support, including fechnical
fraining subsidies that are paid to individuals after
fhey have completed renewable energy courses,

SKILLS TRAINING UNDER MALAYSIA'S NATIONAL RENEWABLE ENERGY POLICY AND ACTION PLAN

and fiscal relief for higher education that allows
students fo freat payable fees as deductible
expenses.

The measures are 1o be co-ordinatfed among various min-
istries (finance, higher education, human resources) and
other governmental agencies. In the meantime, imme-
diate skill gaps are likely fo be covered by skilled foreign
workers.

The National Renewable Energy Plan also includes two
other strafegic thrusts that aim fo develop knowledge and
expertise: Enhancing Renewable Energy Research and
Technology, which describes the need for an R&D action
plan to address the need for skiled people and adegquate
financing; and Designing and Implementing a Renewable
Energy Advocacy Programme, which consists of commu-
nication efforts with stakeholders and the general public,
aiming fo increase knowledge and understanding.

Source:! IRENA, 2013a

education and training in the sector and thereby »
facilitate value creatfion through various chan-

nels. These include: (1) direct financial support to
education or research institfutes; (2) public-private
partnerships or direct measures like fellowships; and

(3) grants or dedicated staff positions.

Public bodies such as education or energy min-
istries can provide funding to finance renewable
energy-focused research and education institu-
tions. Forexample, the Masdar Institufe of Science
and Technology, a graduate level research and
feaching university financed by the government

Box 2.17

HANDBOOK AND TOOLBOX FOR CAPACITY DEVELOPMENT NEEDS DIAGNOSTICS FOR RENEWABLE
ENERGY (CADRE)

CaDRE is a fool developed to study the existing capac-
ity, predict future capacity needs, identify capac-
ity gaps and provide recommmendations for creatfing
capacity development strategies. It is designed fo help
policy makers and capacity development/renewable
energy practitioners to shape an environment condu-
cive fo the development of renewable energy.

The CaDRE handbook, which provides guidelines for
planning and complefing a comprehensive diagnos-
fic of the energy landscape, is complemented by a
foolbox that presents a compilation of practical tools

Source: CEM, 2012

that facilitate the diagnostic process. For example,
the provided target model for the wind and/or solar
energy sector helps fo identify which modifications
and new developments will be needed fo achieve
the set targets (capacity needs), the pofential of
the system already in place to cope with the new
challenges (existing capacities), and the functions,
sfructures knowledge and skills that sfill need fo be
developed (capacity gaps). According to CaDRE's
guiding principal, a capacity development strategy
can be successful only when stakeholders are inten-
sively engaged.
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of Abu Dhabi, offers graduate-level courses in
clean energy and sustainabillity (Masdar, n.d.).
Another example is the Indian Ministry for New
and Renewable Energy that provides funding
for education and research projects related fo
renewable energy (MNRE, n.d.).

»  Public-private partnerships (PPPs) are another
method to finance institutions. The Office
of Energy Efficiency and Renewable Energy
(EERE, USA) supports through public-private
parfnerships applied research af universities
in energy efficiency and renewable energy.
PPPs can also provide funding for specific pro-
grammes or ofher vocational offerings such
as dual education systems to help companies
find better frained workers fo hire. PPPs are also
common in capacity building and education
programmes that are affached to renewable
energy projects, such as the Lighting Africa ini-
fiafive of the World Bank and the Infernational
Finance Corporations that seeks to develop
markets for clean off-grid lighting products in
sub-Saharan Africa.

»  Governments can support education through
direct measures such as funding/provision of
frainings, research fellowships, research equip-
ment, professorships, other staff positions and
vocational fraining programmes. In- generadl,
fhe individual and societal benefits of govern-
ment spending in higher education exceed its
costs (OECD, 2013).

Including renewable energy in curricula and
vocational training

Governments can promote the inclusion of renew-
able energy topics in different streams of formal edu-
cation and training, and they can work on increas-
ing the visibility and accessibility of educatfion and
fraining In relevant fopics. However, there is a limif
fo which the government can influence the educa-
fion sector. Educatfion is a field that is ideally based
on consensus between various stakeholders from
the public and private sector, including ministries,
feachers” unions and public and private institutions.
Governments play more of a moderating role rather
than simply mandating actions.

Policy makers can have a relatfively significant
influence on the determined educational content
- and have the capability to foster the inclusion of
renewable energy topics - in primary and second-
ary education. In some countries or regions, such
as Bavaria in Germany, renewable energy has
become part of the sfandard curriculum at primary
and secondary schools (mainly infegrated into exist-
ing courses) (Worner, 2010). The Sustainable Energy
Authority of Ireland supports schools by providing
educational material for young students. They also
support energy projects in schools through awards
and events.

However, policy makers have a rather limifed say on the
confent of university studies and research areas, since
these institutions are generally more independent. In such
institutions, renewable energy topics can be infroduced
in agreements with the aufhorifies responsible for seffing
the requirements for funding. In addition, such topics
can be infroduced based on incentives such as the
receipt of special funding for renewable energy-related
projects or programmes. For example, the Postgraduate
Prograrmme af the Cenltre for Renewable and Sustainable
Energy Sfudies af Stelenbosch University in South Africaris
funded by the South African Government’s Department
of Science and Technology (DST).

In institutions providing vocational education and
fraining, renewable energy-related activities can
Pe included in officially recognised apprenticeship
regulations. In Europe, some member stafes are
required ‘to ensure fthat certification schemes or
equivalent qualification schemes become available
by 31 December 2012 for installers of small-scale bio-
mass boilers and stoves, solar photovoltaic and solar
thermal systems, shallow geofhermal systems and
heat pumps” (EC, 2009). In this case, a fop-down
policy approach was used. Another example is the
Microgeneration Cerfification Scheme in the United
Kingdom fhat ensures that installers are cerfified fo
mount microgeneration fechnologies according fo
highest quality sfandards.

Governments can also engage in bilaferal, regional
or mulfinational capacity development actions, thus
sharing lessons learmed and supporfing ofther coun-
fries 1o develop renewable energy skills and helping
them create value in their own countries and industries.
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This can be done through the support of regional and
internatfional agencies and institutions such as the
IRENA Capacity Building Strafegy (IRENA, 2012d) or
the capacity building activifies in the Mediferranean
region (see Box 2.18).

In general, education and training efforts aim to sup-
port the entire value chain of renewable energy de-
ployment, from project development o manufactur-
ing fo O&M, as well as all supporfing processes such
as policy-making, financing, etc. However, countries
that have a nascent sector - such as many develop-
iNng countries - and that are major importers of RETs
are given the opportunity to maximise value creation
through education by focusing on the segments of
the value chain that are provided locally. This would
avoid the so called “brain drain” in the case where
educated individuals have to seek jolb opportunities
abroad. Education and training efforts may therefore
e concentfrated on project development, O&M and
support processes as well as building general knowl-
edge on renewables fo increase public acceptance
by creating awareness of the increased business op-
porfunifies and resulfing value creation. Finally, more
sfudies should be conducted fo provide well-founded
data fo help identify the segments of the value chain
where education activities have the highest impact
on value creation.

Box 2.18

CAPACITY DEVELOPMENT THROUGH REGIONAL PUBLIC CO-OPERATION IN THE MEDITERRANEAN
REGION

In the Mediterranean region, a number partnerships
have been created in recent years to promote the
exchange of good practices and lessons learned on
renewable energy and energy efficiency, represented
through the following three examples:

» The Mediterranean Association of National
Agencies of Energy Conservation (MEDENER)
is promoting energy efficiency and renewable
energy development in nafional public policies
through the exchange of experiences, know-
how and good practices and the development
of tools adapted to the context of Southern and
Eastern Mediterranean Countries.

2.5.2 Value creation through education and
training

The renewable energy sector is frequently faced with
a shortage of adequate skills, posing a considerable
barrier fo deployment in both developed and develop-
ing countries. Therefore, the infroduction of renewable
energy fopics in varying types of formal educafion
and fraining is an important sfrategy to achieve the
value creation from ifs deployment (ILO, 2011).

EFducation and fraining in renewables generate
value in the sector by providing the skills necessary
fo carry out specific activities which enable the de-
velopment of the industry, such as designing new PV
cell materials, manufacturing a wind turbine rofor,
plonning a biomass plant or installing, operafing
and maintaining a CSP plant. There are multiple
methods of acquiring the necessary skills, with vary-
ing associated efforts. They range from faking an
individual course related to the fopic fo enrolling
in a full-ledged renewable energy curriculum and
conducting research on fthe fopic. More manual
and practical skills for specific professions, frades or
craffs can be offered in technical vocational educo-
fion and fraining institutions. Other methods include
on-the-job fraining, and could occur even in the
absence of renewable energy-specific education.

»  The Regional Centre for Renewable Energy and
Energy Efficiency (RCREEE) is providing various
skill and capacity development activities at a
tfechnical and non-technical level, as well as
knowledge resource tools for the region.

» The development of the Euro-Mediterranean
University in the city of Fez, Morocco, was announced
by the Union for the Mediterranean in 2012. The first
courses are expected fo start in 2015, and energy
engineering and solar energy have been identi-
fied as some of the priority fopics fo be included in
the referred initial programmes. Studies in energy
will encompass the three higher-education cycles
(Degree, Master and PhD).
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Education and training create value in the renewable
energy secfor only if the acquired skills are applied
within the sector, which depends on the steady avail-
ability of job opporfunities. Otherwise, the efforfs put
info specific education in the field may be unavailing,
especially in the case of specific skills that cannot be
appliedin other sectors - such as solar or wind resource
assessment. Therefore, value creation through renew-
able energy education and fraining depends on a
supporfive policy framework that includes deployment
policies and other policies aimed af developing the
industry (discussed throughout this chapter) to ensure
fhe steady availability of opporfunifies in renewables,
In addition, governments can implement dedicated
polices aimed at developing an environment that
provides the necessary skills for a thriving renewable
energy industry.

2.6 RESEARCH AND INNOVATION

Research, and in-
novation activities are becoming increasingly vital
for value creatfion and economic growth. They are

crucial for sustained development and improvement

fechnological development

of existing tfechnologies, and offer opportunifies for
enhanced adapfabllity, improved efficiency and
reduced costs. This can lead to increased deploy-
ment of renewables, fthereby positively affecting
value creafion. However, innovation could also have
negative impacts on local value creation, such as
employment, through increased labour productivity
and mechanisation.

The nature of innovation ifself is a ‘non-linear process,
springing from a mix of human ingenuity, private sec-
for initiative, codified and facit knowledge, networks of
financial resources, infelligent management, and a
measure of good timing” (IRENA, 2013c). This means
that while innovation itself can be characterised as
a policy goal, it and cannot be mandated; rather, it
must be enabled. This section presents the diverse
policy fools that contribute to creating an environment
that enables research and innovation in the sector,
and then shows opporfunities for value creation.

2.6.1 Policies enabling research and innovation

Governments can play an important role in cultivat-
ing innovation capacity among the broad range of
sfakeholders participating innovation and research

acftivifies. In creafing and susfaining such copac-
ity, several policy tools can be considered fo meet
specific objectives including creating and sharing
new knowledge, building competence and hu-
man capifal, facilifating knowledge diffusion and
developing infrastructure, efc. All contribute fo the
development of RETs and the value creation emerg-
ing from their adoption. Table 2.3 affempts to map
possible policy tools and the objectives to which
they can confribute,

INnnovation can take place along four distinct catego-
ries: product, process, marketing and organisation.
While each of these innovation cafegories is relevant
for RETs, product and process innovation are more rel-
evant for early-stage RETs which have not yef achieved
significant commercial adoption (IRENA, 2013¢). While
some policies are relevant regardless of fechnology
maturity, ofhers are more suited fo specific stages of
fechnology maturity and development. For example,
subsidies and incentives to promofe new research
can sfimulate innovation in product and process
development which is more applicable in early stages
of fechnological maturity. As the chosen fechnology
matures, other fools to promote innovation across all
categories become more applicable such as policies
that aim fo build competence and human capital. An
understanding of these peculiarifies can support the
design of targeted policies to support research and
innovation and maximise value creation.

Given the diversity of stakeholders involved, re-
search and innovation policy can benefit from
being infegrated info the broader national policy
framework, as the lafter provides a level of stability
and an opporfunity for multi-sfakeholder engage-
ment that might otherwise be lacking. Such an ap-
proach is reflected, for instance, in the Malaysian
case, where the focus on R&D is explicit in nafional
renewable energy policies (see Box 2.19). The exam-
ple also highlights the importance of co-operation
befween the public and private sectors in fostering
innovation in the renewables sector and confrib-
ufting to value creation. The fopic of design and
implementatfion of innovatfion policies with regard
fo renewable energy fechnology development
is further analysed in IRENA's work on Renewable
Energy Innovation Policy: Success Criteria and
Strategies (IRENA 2013c).
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TaBLE 2.3 INNOVATION FUNCTIONS AND EXAMPLES OF POLICY TOOLS

FUNCTION EXAMPLE POLICY TOOLS

Creating and Sharing New
Knowledge

Building Competence and Human
Capital

Knowledge Diffusion / Creatfing
Collaborative Networks

Developing Infrastructure

Providing Finance

Establishing Governance and the
Regulafory Enviroment

Subsidies and incentives for new research, contests, and prizes, infellectual property
protection and enforcement measures

Subsidies and incentives for education and fraining, fellowships, scholarships, and
visas for advanced degree candidates.

Joining or initiafing cooperating, supporting industry associations, intelectual
property profection and enforcement measures that provide confidence for
network participants.

Public-private partnerships, incentivising private development, planning for public
development, and investments in public infrastructure.

Loan guarantees, "green” banks, and public venture capitalstyle funds.

Sefting sfandards, setffing targets, faxing negative externalities, subsiding positive
externdalities, eco-laberling and other voluntary approches, and fradable permits.

Feed-in fariffs, renewable portfolio standards, goverment/public procurement,

Creating markets

media campaigns, setting government requirements, faxing negative externalities,

subsidising positive externalities, eco-abeling, and ofther voluntary approaches.

Source: (IRENA, 2013¢)

The design of research and innovation policy should
also fake info consideration external factors that impact
The environment for related activities in the sector. These
factors include the existence of a robust market, stfrong
linkages with research institutions, a large pool of fechni-
cal capacity (scientists and engineers), among ofhers.
Table 2.4 provides a summary of the key elements and
components that constitute such an environment,

Box 2.19

ACHIEVING VALUE CREATION BY MAINSTREAMING R&D AND INNOVATION POLICY AND
FOCUSSING ON PUBLIC AND PRIVATE SECTOR CO-OPERATION: THE CASE OF MALAYSIA

In Malaysia,one focus of the National Renewable Energy
Policy is fo enhance R&D in the field of renewable ener-
gy. The objective is to implement a systematic R&D pro-
gramme that leads to innovative products and services
that can accelerate growth of the domestic renewable
energy industry.

One solar energy project, MBIPV, aims to demonstrate
the potential of building-infegrated solar PV (BIPV) sys-
fems in Malaysia. It is a joint inifiative by the Government
of Malaysia and UNDP, with funding from the Global
Environment Facility. The project has sought the involve-
ment of local universities and local industry as partners
fo implement two research projects on BIPV. In addition,

2.6.2 Value creation from research and
innovation

There is growing recognition globally of the potential
for value creafion from increased research and in-
novation activities in the field of renewable energy.
This is demonstrated through the fact that public
spending on renewable energy R&D increased from

a local testing facility for R&D activities on local manufac-
fured products, as well as for quality control of imported
PV components,has been established in consulfation
with international certification bodies.

The demonstration BIPV projects provided first-hand
experiences for improvements in stakeholder training
and skills as well as increased R&D activities. Under the
project, festing facilities for mounting sfructures and
inverters were established to improve the reliability and
quality of the domestically produced fechnologies.
Data from the monitoring of several PV installations
will be used as inputfs to R&D and fo inform relevant
policy-making.
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less than USD 1 bilion annually in the 1980s and 1990s,
fo USD 1.9 billion in 2007 and over USD 4.1 billion in 2009
and 2011 (IRENA, 2013a). As such, the correalation be-
fween research and innovation, and value creatfion
can conceptually be established along three main
dimensions.

First, the value creafed through promoting research
and innovation is the knowledge that can lead to
fechnological breakthroughs, improvements of prod-
ucts, fechnologies, production lines and services, and
increasing the opplicability of fechnologies fo local
conditions. These can reduce the cost of deployment
and positively impact the deployment of renewables,
thereby supporting value creation. Value is created
when resulfs from basic research are franslated info
commercially viable technological  developments
through finding technical solutions for problems,
thereby achieving a higher level of competitiveness.
An example of an intermediary organisation which
bridges basic and applied research is the Fraunhofer
Society in Germany (see Box 2.20)

Second, this knowledge can franslate info a com-
petitive edge for countries, private sector and ofher

sfakeholders operating in a dynamic renewable
energy secfor wherein new markets are getting un-
locked (for instance, in the case of energy access)
and existing ones are expanding rapidly. The ofher
dimension is welfare wherein fechnology innovation
can be a means fo empower people and improve
livelinoods.

Third, R&D efforts present opportunifies for jolo creation
as related projects generate employment for scientists
and fechnicians af laborafories. However, the improve-
ments resulting from innovation, along with the impact
of economy-of-scale and other learning effects, could
contribute 1o increasing mMmechanisation and labour
productivity that eventually decreases the number of
workers needed fo produce a given amount of renew-
able energy.

2.7 CONCLUSIONS

A broad range of policies can affect value creatfion
from deployment of large-scale solar and wind en-
ergy. It covers policies to sfimulate deployment, as
well as those aimed at building a domestic industry,
encouraging investment and fechnology transfer,

TABLE 2.4 ELEMENTS OF AN ENVIRONMENT THAT SUPPORTS RESEARCH AND DEVELOPMENT

ELEMENT COMPONENTS

Robust national and international market for “improved” products or services ensure demand
for “sophisticated” products, thus providing a continuous incentive for inventions and innovations.

Enabling
environment

Additionally, feedback or interactions between the producers (fechnology providers) and the consumers
is key to continuous improvement and innovation.

Stable political framework that is complemented by along-ferm strategy, relevant policy insfruments as
well as an overall supportive framework condifions are key drivers for innovation.

Education system that ensures professional education and fraining in order fo fransfer know-now
between disciplines and sectors, and to enable people fo generate new knowledge or creatfe new

products.

Education and
research
lalbour and human resources.

Basic research centres and universities which creatfe knowledge through fundomenial research and
that disseminate this knowledge through education or fraining in order fo create a large pool of skilled

Applied research institutions which build upon the basic/fundamental research and adapt/franslate it
intfo applied science and potfential cormmercial products.

Company-evel R&D activities which focus on product development by infegrating and adapting
applied research results to their product range or production processes.

A mix of large firms and SMEs, which can conduct their own research, incrementally improve production
fechnologies, absorb and demand know-how from research centres and new technology lbased firms for

Private sector
and nefworks
and institutions

sector R&D.

high-risk investments in new products or fechnologies.

Strong networks of co-operation between basic and applied research centres, universities and private

Strong exchange between innovative firms and their customers fo identify needs and formulate a

feedback process.

74 The Socio-economic Benefits of Solar and Wind Energy



Box 2.20

THE FRAUNHOFER SOCIETY

More than 66 Fraunhofer Institutes form theFraunhofer
Society, Europe’s largest application-oriented research
organisation, located in Germany. Each institufe has a
different focus on applied science fields covering fopics
such as health, security, communications, energy and
the environment. Most of the Society’s 22 000 staff mem-
bers are qudlified scientists and engineers, whose work
balances application-criented fundamental research
and innovative development projects. The institutes offer
an important source of innovative know-how for large
companies as well as for SMEs that do not maintain their
own R&D departments.

Energy is a main area of research, comprising 18
institutes with about 2 000 employees who focus on
renewable energy (solar, biomass, wind energy), energy
efficiency, buildings and components and electrical
energy sforage and micro-energy systems (Fraunhofer

strengfthening capabilities, promoting education and
fraining, and research and innovation. Identifying the
relevant policy areas requires looking at the different
segments of the value chain where the potential for
value creation exists and identifying challenges that
can hinder value creatfion.

Deployment policies are crucial as they frigger
investment in the secfor which can impact value
creation with varying infensity along the different
segments of the value chain, depending on the
fype of policy. Such policies are most successful at
creafing value when they enable the stable and
long-ferm market development of renewable energy
fechnologies while af the same time, adapting fo
the dynamic technological and market develop-
ments. The impact on value creation due fo deploy-
ment policies also varies according to the design
of the policy. For instance, the infegration of local
confent requirements can maximise value created
in manufacturing.

Local confent requirements have increasingly been
used by developed and developing countries with
the aim to support the development of a nascent
industry, create employment and/or promote fechnol-
ogy fransfer. Specific socio-economic benefits in line

Energy Alliance, 2013).The Fraunhofer Institute for Solar
Energy Systems (ISE), founded in 1981, was the first solar
research institute in Europe that was notf part of a uni-
versity research department. It has achieved several
successes in solar research (e.g.. high efficiency values
for cells or inverters, first quintuple-junction solar cell, etc)
and currently employs about 1 300 researchers, of whom
about 170 are doctoral students working in close co-
operation with universities (Fraunhofer ISE, 2013). Since
its foundation, several spin-offshave been established
in areas including the production of concentrators and
water freatment with solar energy.

Besides the close co-operation with ifs spin-offs and
members of alliances, pooling of different skills with all
Fraunhofer Institutes secures exchange and enhance-
ment of know-how and skills and also helps fo overcome
shortages, gaps or botftlenecks.

with national priorities can be targeted through the
design of local content requirements. However, these
insfruments are sometimes perceived as inefficient in
promaoting local industrial development as they risk
distorting markets by creating barriers for potential
foreign market players, creating supply shorfages for
components and materials and resulfing in increased
costs and guality issues.

The effectiveness of local confent requirements in
creafing value depends on many factors. The local
content shares should not be oo restrictive and the
private secfor should be consulted in the process of
fhe design of the policy. The requirements need fo
consider existing areas of expertise and should be
directed at those with the highest potential. They
should also build on a sizable and stable renewable
energy market, in combpbination with ofher policies that
aim fo facilifate financing in the industry as well as fo
sfrengthen the competitiveness of the sector in order
fo serve that market.

Access fo finance is among the crifical success factors
for the development of the renewable energy sector
and value creatfion. As such, investment-promotion
mechanisms can be adopfed fo overcome existing fi-
nancing barriers and to attract investors info the sector,
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in solar and wind projects as well as in manufacturing
facilifies. Among ofher channels, these mechanisms
can facilitate foreign investments in the form of official
development aid that helps implement first-of-its kind
projects in developing countries, or through foreign di-
rect investments. Aside from employment creation and
the development of new sectors, the lafter may also
contribufe to fechnology transfer and the enhance-
ment of domestic capabilities.

Various programmes and policies can be sfrafegically
fargeted fowards enhancing capabilities in the sector,
such as industrial upgrading programmes, supplier
development programmes and the development of
industrial clusters  that promote competition and
co-operatfion across a range of stakeholders. These
cross-cutting policy interventions may result not only in
economic growth due to increased competitiveness,
but industrial clusters also can be effective in stimulot-
iNg iInnovation and confributing to spill-over effects.

The value created through promoting research and
innovation is the knowledge that can lead fo fechno-
logical breakthroughs, improvements of products and
services, and increasing the applicability of fechnolo-
gies fo local conditions. These can reduce the cost
of deployment and positively impact the deployment
of renewables, thereby supporfing value creation.
Moreover, the knowledge acquired confributes to wel-
fare wherein fechnology innovation can be a means
fo empower people and improve livelihoods. Value
is creafed only if research activities are closely linked
fo the industry’s challenges. The success of research
and innovation policies in creating value, as for all the
ofher policies discussed, depends on the availability of
qualified human capacity.

As such, government support for education and
fraining is vital for value creation along all the seg-
ments of the value chain and the supporting services,
Education and fraining in renewables generate value
in the sector by providing the skills necessary fo carry
out specific activities which enable the development
of the industry. Explicit policies and measures that
support skills demand are crucial for the successful
deployment of renewable energy. Given the long lead
fimes in the education secfor and the rapid innovation
of renewable energy technologies, immediate actions
are required fo ensure the availabllity of adequate skills.

Since renewable energy cufs across many sectors, the
right policy mix fo maximise value creation from solar and
wind energy deployment requires close coorination and
engagement of sfakeholders from these various sectors.
In aadifion, several factors are important to define the
best fit policy mix and there is no one size fifs all policy
solufion for value creatfion. Influencing factors include
the level of development of the domestfic renewable
energy secfor; the general business environment and
competitiveness as well as the dynamics of regional and
global markets for wind and solar energy components
and services. These factors should e considered in
defining the national long-term strategy and priorifies.

In conclusion, it is worth reiterafing that frermendous op-
porfunities exist for value creation from the deployment
of solar and wind energy, in the various segments of the
value chain. A multitude of factors influence the choice
of the right policy mixin order fo maximise value creation
and the success of the policy builds on redlistic and
credible strategic objectives, the existing industrial ca-
pacities on regional and global market developments
and the country’s competitiveness in these markets.
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hapter 1 of this report presented the vari-

ables that should be considered when

assessing the socio-economic impacts of
renewable energy deployment, and infroduced the
different segments of the value chain that they of-
fect. Chapter 2 focused on policies for value creatfion,
analysing the impacts of different policy areas and
the right mix of policies that can maximise value. The
purpose of Chapter 3 is fo support decision makers
in assessing the value created by different policies.
This assessment would help in designing the most ap-
propriate renewable energy strafegy that takes info
account key social and macroeconomic benefits,
which could be compared to the cost of deployment.
The chapter builds on the concepts and variables
infroduced in Chapter 1 (e.g., the different segments
of the renewable energy value chain and the possi-
pilities for value creation in each) and infroduces the
different methods that can be used to assess value
creafion. These methods vary in scope, sophisfica-
fion and data requirements, and each has strengths
and limitations.

The chapter aims fo help decision makers and ano-
lysts choose the most appropriate method and fool
fo assess the economic impacts of different policies,
considering the specific questions that the assessment
infends to answer, as well as the resources available for
the assessment, such as fime, data, and human and
financial resources. Many of these aspects have been
obtfained through an inquiry phase directly with the
developers of the fools.

The chapter starfs with a discussion of both the use-
fulness and complexity of gquantifying the economic
value creation that can result from policies (Section
3.1.1). The costs of making uninformed policy deci-
sions, without quantificafion of the possible impacts,
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Box 3.1

RELEVANT LITERATURE

Ofher studies have explored the available fools fo quantify
economic value and can be of reference. These include
the European ATEST project (Amerighi et al, 2010); the IEA-
RETD's EMPLOY and RE-ASSUME projects (Breitschopf ef al,
2012); Mai et al. (2013); Chapter 2 of IRENAs Renewable

can be very high for a country. Section 3.1.2 describes
fhe sfeps fo be followed when choosing a specific
fool and infroduces some of the key modelling char-
acteristics and classifications found in the literature.
Sections 3.2.1 and 3.2.2 provide an overview of some of
the methods used for assessing the economic value
creation of renewable energy, focussing first on gross
impacts and then on net impacts. It also provides spe-
cific examples’, examining the four variobles analysed
in this report. Section 3.2.3 categorises these methods
according fo their characteristics discussed in earlier
sections, in order to bring clarity on how fhe specific
methods relafe fo the concepts discussed. Section 3.3
presents some overall conclusions,

3.1 SELECTION PROCESS
3.1.1 A complex but valuable endeavour

Quantifying the socio-economic impacts of a re-
newable energy sfrafegy is a very complex process.
Successful engagement requires expertise in disci-
plines such as policy analysis, economics (both macro
and micro), mathematics and  stafistics. Because
the quantitative assessment is typically conducted

Box 3.2

KEY DEFINITIONS

The chapfer follows a ferminology that is consistent
with the rest of the report, where “variables” refers fo the
quantities fo be studied (value added, GDP. welfare
and employment). "Methods” refers fo the quantitative
approaches available in the literature, such as employ-
ment factors, input-output, computable general equi-

librium (CGE) and macroeconometric models. “Tools”

Energy and Jobs report (IRENA, 2013); the U.S. Environmental
Profection Agency's report Assessing the Mulfiple Benetits of
Clean Energy (EPA, 2011), and ofhers such as Allon ef al.
(2012), Cardenete ef al. (2012), Uban et al. (2007), Van
Beeck (1999) and World Bank, UNDP and ESMAP (19971),

fhrough computer-based models/fools, advanced
proficiency is also needed in spreadsheet, modelling
and programming languages or inferfaces used for
this purpose. There is also a need for sound datfa
(which in many cases is missing), robust assumptions,
as well as a high degree of expertise.

A variety of tools/models are currently available that
can produce very useful insights if provided with the
correct inputs. All have advanfages and disadvan-
fages, and the policy maker must understond the
limitations of the analysis or modelling framework.

It is usually advisable to use several models o ap-
proach the same question, and then fo compare
fhe answers fo perform targefed sensifivity/scenario
analyses (see Mai ef al, 2013), to contrast the results
with ofher countries/regions with similar characteris-
fics, or fo peer review the main assumptions, methods
used and conclusions with ofher experts. Although
performing such analyses can be a complex en-
deavour, it is usually a valuable mission: the benefits
obfained in the way of informed and improved policy-
making typically outweigh the costs in fime, expertise
Or resources,

refers to the actual models, most of which have a spe-
cific developer and a name (e.g.. PANTHA REl, JEDI, efc).
Each of these models typically follows a specific mefthod.
Finally, “characteristics” refers to the specific features of
the methods (and hence the fools), such as their geo-
graphical or sectoral scope, mathematical tfechnique
or technological approach.

ere are so
1 ¢
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3.1.2 Considerations in choosing a specific tool

A potential decision-making process for the selection
of an assessment fool is illustrated in Figure 3.1 which
includes the following steps:

»

»

First, policy makers must decide which variable of
economic value generation (value added, GDP,
welfare or employment) they are inferested in
assessing.

Second, the various defining characteristics of
these variables should be identified, such as
sectoral and geographical scope, fechnologi-
cal approach and mathematical fechnigue (for
example, gross, local employment calculafed
through fop-down simulation). These charac-
feristics are explained briefly below. Once the
variobles of interest and fheir characteristics
are established, they can be matched with the
oufputs and characteristics of the existing fools
(for example, a JEDI fop-down simulation model
of The local economy sector), and suifable tools

FiGUre 3.1 SELECTION OF AN ASSESSMENT TOOL

can be short-listed. These tools, their underlying
methods and their oufputs are summarised in
greater detfail in Section 3.2,

Third, fthe inpufs needed for fthe short-listed
fools such as data, expertise, fime and financial
resources should be identified. If the inpufs and
requirements of the tool are feasible, the fool can
then be used to assess the selected variables
of economic value; oftherwise, policy makers or
analysts should resfart af the first or second sfep
with an adjusted requirement, changing fthe
ambifion level or characteristics of the analysed
variables..

The characteristics of the variables of socio-economic
value have an important role in shaping the policy-
maker's overall requirements from the modelling

exercise. These include secforal and geographical
scope, technological approach and mathematical
fechnigue. The relative importance assigned fo each

of these characteristics may vary from one policy
maker fo another.

K

N

STEP 1
VARIABLES

STEP 2
CHARACTERISTICS OF VARIABLES

VALUE ADDED

OPTIMISED OR SIMULATED

WELFARE

NET OR GROSS

BOTTOM-UP OR TOP-DOWN

EMPLOYMENT

GLOBAL, REGIONAL, NATIONAL OR SUBNATIONAL

~

iy

L

TOOL SELECTION BASED
ON VARIABLES AND
THEIR CHARACTERISTICS

(e.g gross local
employment simulafed
with a fop-down
approach)

STEP 3

TOOL A

TOOL B

INPUT CHECK
1. DATA
2. EXPERTISE

3. TIME
4. MONEY

TOOL D

NO

Source: IRENA

The Socio-economic Benefits of Solar and Wind Energy

YES




The geographical scope refers fo a policy maker's
inferest in assessing economic value creation af the
subnational, national, regional or global level. The
sectoral scope refers fo the coverage of economic
sectors: the policy maker may be interested in assess-
ing the economic impacts across the whole economy,
usually called the "net” approach; or for only one sec-
for (such as renewable energy, fishing, mining, efc)),
usually called the “gross” approach. A gross approach
is useful fo gain insights in how significant one specific
sector is, but it cannot be used o compare between
sectors.

The technological approach refers fo what are
commonly considered “fop-down” and ‘boftfom-up”
modelling approaches in the literature. Top-down
approaches use large macro aggregates to derive
specific figures, whereas botfom-up approoches ag-
gregate many specific figures to produce a global
fofal. For instfance, a top-down approach would esfi-
mate the consumption of electricity in a country using
population, GDP and an indicator of energy efficiency.
In contrast, a "bofform-up” approach would calculate
consumption as the sum of all the electric devices in
the country, Their level of use and ftheir individual effi-
ciency. This is relevant because if, for insfance, a policy
maker wishes fo analyse the employment effects of a
specific tfechnology, a boffom-up approach may be
preferable, whereas if a more macro perspective is
sought, a top-down approach may be better.

The mathematical technique caon classify assess-
ment models within fwo broad families, “simulatfion’
and “opfimisation’. Simulation models try to replicate
reality, simulating how economic agents inferact.
Opfimisation models, on the other hand, present the
pest way fo accomplish a defined goal (Sterman,
1988). Policy makers must decide if they are interested
in one “opfimal” variable or in the “simulated” varioble
- for instance, if they want 1o see the optimal employ-
ment that a renewable energy strafegy should create,
or the simulafed employment, which may e different,

In addition fo the characteristics described above,
there are ofhers that could be considered in the selec-
fion of a fool. This includes, for instance, the degree fo
which a fool can depict the feedibacks between differ-
ent elements of the energy secfor and the economy;
the representatfion of innovation and its linkage with

fechnology costs and labour productivities; or the abil-
ity of a tool fo represent the complexities of human be-
haviour, which is related fo the rate of adoption of new
fechnologies and o the response fo certain policies.

Regardless of the tool selected, analysts and policy-
makers should be mindful of several aspects that are
essential for developing sound analysis and resulfs,
These include considerations such as scenario design,
definition of system boundaries and sensitivity analyses.
For further discussion of these considerafions, which
are nof addressed in this chapter, see Mai ef al. (2013).

3.2 OVERVIEW OF METHODS

Economic impact assessments of renewable energy
deployment can be conducted using various mefh-
ods that differ with respect to their applicability and
data requirements. This section provides an overview
of the most commonly used mefhods, focusing on
those that are capable of addressing the key variables
analysed in this report: value added, GDP, welfare and
employment. The methods are classified according to
their sectoral coverage ("gross” or 'net”).

The methods are infroduced in the order shown in
Figure 3.2, starting with the simplest approach on the
left and advancing to methods that can deliver a more
accurate picture of economic impacts of renewable
energy deployment. The increase in sophistication re-
quires better data and more detfailed analysis; hence,
these models fend to be more resource infensive, in
ferms of both human and economic resources.

3.2.1 Gross analysis: the renewable energy
sector alone

Assessments of gross economic value focus on how
the RET sector confributes to the tofal value added
within an economy, without considering the possible
negative effects on ofther economic sectors (such as
the fossil fuel sector).

Crifical assumptions and parameters that affect the
results include imports and exports of RETs, and labour
and capital productivity. Import shares of installed RET
planfs represent lost opportunities for local produc-
fion of equipment and the associated employment
(see Chapter ).“If impact assessments are based on



Ficure 3.2 CLASSIFICATION OF IMPACT ASSESSMENTS BY INCREASING SOPHISTICATION

Increasing scope, sophistication, data requirements, cost

GROSS IMPACT ASSESSMENTS NET IMPACT ASSESSMENTS
EMPLOYIMENT “oureur ST | Bt
FACTORS AND SUPPLY MODELS*
CHAIN ANALYSIS
Economic
performance
(e.g. GDP, value . . X
added, welfare)
Employment X X X X
ploy (only direct jobs)
Quick assessments More Rough economy- Short fo
and simple sophisticated wide assessments long-term
Applicability momﬁonng of momﬁolnng of for the short ferm economy-wide
employment in the economic value assessments
RE industry creation in the RE
industry
Relative cost S $9 $8S §888

* Includes computable general equilibrium, macroeconometric and economic simulation

Source: Adapted from Breitschopf et al., 2012.

renewable energy deployment investment figures and
do not account for imports, they may overestimate
the
Conversely, when assessments do nof consider exports,
they may underestimate the effects on manufacturing.
Taking into account lobour productivity is important

investment-related  effects on  manufacturing.

because higher labour productivities require fewer jolbs
o generate the same level of output (Breitfschopf ef al,
2012). Capital productivity determines the amount of
economic oufput produced in the sector.

Three main methods are available for assessing the gross

impact of the renewable energy industry: employment fac-
fors, gross input-output models and supply-chain analysis.

Box 3.3

Employment factors

Description of the method. Employment factors are
recommended for quick and simple assessments
of the employment effects of the renewable energy
industry. As such, they can only provide employment
figures, without the possibility fo assess other aspects
of economic volue creation. This approach can
esfimate employment for different segments of the
RE value chain. Permanent activities, such as O&M,
are described os full-fime equivalents (FTE)*® or jobs
per MW of installed capacity. Temporary or one-time
activities, such as manufacturing or construction, are
expressed as FIE-years or person-years per MW of
installed capacity.'®

DEALING WITH DATA AVAILABILITY

In countries af an early stage of renewable energy deploy-
ment, sufficient stafistical data are often not available.
Under such conditions, paving the way for broader impact
assessments could consist of gathering primary data from
industry surveys or case studies of small communifies.
Systematically fracking employment over time for each unit

Full-time equivalent refers to one person working full fime on a job

fe that
years) of the plant

tis possible to express both types of employment as “FTE-years per MW of installed capacity”, by m

of installed RET capacity, as well as monitoring qualitative
aspects of employment (such as gender, wages, skills level,
job quality) can help fil dafa gaps (IRENA 2013). A solid
input-output statistical framework, with great secforal disag-
gregation of the energy industries, would also be of great
help.

liolying for the technical life (i.e., oper
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TaBLE 3.1 RANGES OF EMPLOYMENT FACTORS BY TECHNOLOGY

MANUFACTURING & INSTALLATION
_ (JOB-YEARS/MW) OPERATION & MAINTENANCE (JOBS/MW)
e I

Minimum

Maximum 15

I O

Minimum /7.1
Maximum 43
CSP

Minimum 4.6
Maximum 36

Source: van der Zwaan et al. 2013

When comparing different employment facfors, it is
essential fo consider the specific technology, country
or reference period for the dafa and the scope of the
analysis (e, the boundaries of the renewable energy
industry). Such underlying differences may help ex-
plain the wide range of employment factors reported
in the literature (see Table 3.1).

Employment factor mefthods usually provide informao-
fion on direct employment, i.e., jolbs in the renewable
energy industry, and their application may be relatively
inexpensive, if reliable data are available!”. Otherwise,
additional resources are required for defermining the
employment factors,

Data requirements. The data needed fo estimate
employment factors can be gathered through
labour fechnology cost
analyses, enterprise surveys or expert judgement
(Breitschopf et al.,

requirement analyses,

2012). Such dafa, however, are

TaBLE 3.2 EXAMPLE FOR DERIVING LOCAL EMPLOYMENT FACTORS IN INDIA

0.1
0.7

02
1.0

not easily available for many countries. A practical
solution is fo use OECD employment factors and
adapt them for different lalbour productivities in non-
OECD countries by using a regional job multiplier, as
illustrated in Table 3.2 for the construction and O&M
stages of the RET supply chain in India (Rufovitz ef al,
2012). The regional job factor for India with respect
fo the OECD equals 3.6. It is calculafed through the
average labour productivity in India and the OECD,
and it indicates that in India, labour productivity is 3.6
fimes lower.

such adjustments should be
calibrated with local data (Breitschopf et al, 2012).
An inferesting approach for regional adjustment of
employment factors is currently being used by IRENA
(forthcoming), where the country adjustments of em-
ployment factors are based on labour productivities
of similar industries rather than on the average labour
productivity of the country.

Whenever possible,

T ———— onT _— WIND ONSHORE

Construction (OECD) Job~years/MW
Construction (India) (= OECD x Job-years/MW
3.6)

Operation and mainfenance

(OECD) Jobs/MW
O&M (India) (= OECD x 3.6) Jolbs/MW

Note: the regional job factor for India equals 3.6.
Source: leske et al. 2012, Rufovitz et al. 2012

11.0

39.6 320 9.0
03 05 0.2
1.1 1.8 0.7

For example, the employment analysis for REmap 2030 (IRENA, 2013a) was carried out in less than one person-month.
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In addifion fo the regional adjustments, employment
factors for a counfry can be adjusted across time fo
account for fechnological progress, learning effects
and labour productivity improvements.

If the analysis infends fo shed light on the issue of do-
mestic production, import and export ratfios in the re-
newable energy industry should be adeguately repre-
senfed. Relevant datfa sources for imports and exports
include: trade stafistics (e.g., the UN Comtrade or GTAP
dafabases), technical literature, market infelligence,
expert judgement and company data (Breitschopf ef
al, 2011, 2012; Lambert, 2012).

Case studies. Analyses based on employment factors
have been conducted to determine the employment
impact of RETs in various countries and regions, in-
cluding the United States (Wei ef al, 2010) and South
Africa (Rutovitz et al, 2010), as well as for the world
(IRENA, 2013c; Teske et al, 2012). IRENA's analysis for
REmMap countries estimates that fotal employment in
fhe renewable energy sector would grow from the cur-
rent 6.5 million fo around 16.7 million in 2030 if all the
REmMap options are implemented (IRENA, 20130; IRENA,
2014a0). A similar global analysis (Teske et al, 2012) was
performed using the framework of Greenpeace’s
Energy [Rlevolution reports. An inferesting approach is
followed in van der Zwaan ef al. (2013), where the re-
sults from a MARKAL/TIMES model for the Middle East
are combined with employment factors fo conclude
that almost 200 000 renewable energy jobs could exist
in the region in 2030.

Table 3.4 summarises existing esfimation tools that have
a ‘gross” sectoral scope. The Green Job Calculator
menfioned in the fable is a spreadsheet-based fool
That Wei ef al. (2010) used fo estimate employment
creation in the Unifed Statfes. The frameworks created
for the ofher examples mentioned above (Rutovitz ef
al, 2010; IRENA, 2013a and Teske et al, 2012) also could
e utilised for employment analysis.

Gross input-output

Description of the method. Gross input-output fools
allow for more sophisticated monitoring of economic
value creation in the renewable energy industry by
providing estimates of both employment and value
added as a contribution fo GDP. These fools cover indi-
rect economic value creation in upstream industries, in

addifion to direct. Usually, they do not cover induced
effects (ie, effects from household consumption
expenditures of persons employed in the RET industry
and supplying industries, government expendifures,
efc) (Breitschopf ef al, 2012; Allan et al., 2012).

The input-output method is more comprehensive than
the employment factor method because it depicts the
infer-industry relafionships of an economy and fraces
how the oufput of one economic sector becomes the
input of another (this is, in part, what will be referred fo
as ‘economic structure” in this chapter). It combines
data on expenditures for renewable energy capacity
expansion, replacement and operation with input-
output modelling fo determine the indirect economic
impacts in the supplier sectors. However, this increased
sophistication comes with higher resource require-
ments for model building from scratch, know-how,
data processing, tool usage and analysis of resulfs,
which franslafes into an associafed cost of around
six person-months'® for one study. It should be noted
that most inpuf-output mefthods assume that the eco-
nomic structure of the country is stafic’” (reflected by
the input-output matrix), which limits their applicability
in the case of large structural economic changes (for
example, those produced by a large fechnological
reakthrough).

Data requirements. Implementation of fthe inpuf-
output method requires data on renewable energy
capacity and generation, fechnology-specific costs
and cost structures (the breakdown between cost
components, such as, in the case of PV fechnology,
costs of planning, the PV module, the inverfer and
the rest of the system) and an input-oufput Model
supplemented by employment and other economic
data. National input-output fables, published by statis-
fical offices in most countries, represent an important
data requirement for this method. This can be an
important limitation for input-output analysis in Mmost
countries, which do nof produce these fables with
enough secforal breakdown. In cases where national-
level data are not available, adapfation of dafa from
ofher countries could be considered, although this
generdlly is nof recormmended because input-output
fables represent the unique economic sfructure of a
country. Employment data are sometfimes published
in conjunction with inpuf-output tables, and they are
normally a useful complement for the analysis. Dafa on
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imports and exports can be drawn from frade statistics,
enterprise surveys, iNndustry associatfions, the fechnical
literature and industry experts (Breitschopf, 2011, 2012).

Case studies. The following examples illustrate the
practical application of gross input-output modelling
for several countries.

In Spain, analysis based on gross inpuf-output
modelling indicates that renewable energy overall
added more than USD 245 billion fo the country’s
GDPin 2009, with wind and solar technologies repre-
senfing nearly 70% of this confribufion. The Spanish
CSP industry in particular, more than doubled ifs
contribution fo GDP as well as the number of CSP-
relafed jobs from 2008 fo 2010. Of the nearly 24 000
CSP-relafed jobs in 2010, more than 98% were in
construction, which poinfs fo a considerable pofen-
fial for local jobs (Deloitte and Protermosolar, 2011,
Deloitte and IDAE, 2011; Caldés ef al., 2009).

Gross economic impact analyses in fhe United
States offen rely on the JEDI (Jobs and Economic
Development Impacts) suife of models - publicly
available tools with standard input-output multipli-
ers that can be used af the county, state, regional
or national level (see Box 3.4). For example, Slattery
et al. (2011) apply the JEDI Wind model fo the state
and local level (within a 100-mile radius around two
wind farms). Another recent JEDI analysis estimates
the nafionwide economic impacts of renewable en-
ergy projects funded with the §1603 grant program
under the American Recovery and Reinvestment Act
(Steinberg ef al, 2012).

Box 3.4

TOOL EXAMPLE: JEDI

Main characteristics: JEDI models are gross input-out-
put, bottom-up, simulatfion tools that are freely available
and esfimate potential economic impacts from energy
projects (renewable but also conventional power gen-
erafion, or transmission lines) in ferms of construction
and operating expendifures that occur within a region/
municipality. They are essentially gross models, but
include induced effects through multipliers. The underly-
ing data is based on actual U.S. projects and stafistics,
which can be a limitafion in their use. However, users

Inspired by the JEDI models, the economic impact of
CSP deployment was assessed for the Middle East and
North Africa (MENA) region, with a special focus on
local manufacturing potential. The analysis concludes
that if the MENA region as a whole develops a sfrong
local manufacturing industry, the tofal potential value
added from local manufacturing of CSP plants can
result in up fo /79 000 permanent local jobs in manu-
facturing, construction and O&M (Gazzo et al, 2011).
In addition to JEDI, several ofther models are based
on the gross inpuf-oufput method. For example,
ECOVALUE ufilises input-output tables that are further
disaggregated info renewable energy technology
sectors (Martinez, ef al, 2013). Table 3.4 provides a
summary of salienf characteristics of the JEDI and
ECOVALUE models.

Supply chain analysis

Description of the method. Supply chain analysis has
a more micro and business-oriented approach and is
not always useful fo analyse macroeconomic impacts
(for instonce at a national level), so it is generally used
less frequently than employment factors or gross input-
oufput. As defined by IRENA (2013), “the supply chain
analysis seeks fo map the specific supply hierarchy and
relationships among companies in an economic sec-
for, focusing on different levels of manufacturers and
companies which provide key components and inputs’”.

As the name suggests, supply chain analysis helps to
discern how the delivery of products and services fo
the end cusfomer mobilises inputs along the supply
chain, from raw materials, processing and assembly,
or support services through to fthe final product.

can cusfomise data fo represent their specific project
and local economic condifions. The developer-owner
of the tool is not responsible for how it is used, applied
or inferpreted.

Access: It requires Excel and is free fo download and use.
The user is responsible for their own project.

Contact:  http://www.nrel.gov/analysis/jedi and  jedisup-
port@NREL.gov
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Identifying boftlenecks or hindrances fo technolo-
gy diffusion is a crifical aspect not properly covered
by the models most commonly used to analyse the
enfire energy sector. Hence, in-depth analyses of
the production chain for a given fechnology are
better suited for this task. A fool based on the value
chain approach can help answer the following
questions: "Where can employment be created?
Where can the largest revenues arise? Where can
there be large dependence on foreign inpufs (e.g.,
capital, materials, services or fechnology) along
the RET supply chain?’

Data requirements. Supply chain analysis requires
defailed information on companies and their inferde-
pendencies iNncluding costs, sales, infermediate inputs,
imports and exports, efc. Possible sources of informa-
fion include surveys and inferviews with industry experts,
business directories and industrial classification sysferns
such as North American Industry Classification System
or the European Community’s sfatistical classification
of economic activities (IRENA, 2013).

Case studies. Supply chain analysis has been used, for
instance, fo analyse the local economic impacts of re-
newable energy deployment in Germany through the
WeBEE simulation fool (see Box 3.5) (Hirschl et al, 2010).

Table 3.3 compares these three methods across
different considerations. The different economic

Box 3.5

variables that these methods address are listed
under “key variables’, and then put in the confext
of their applicable uses. The fable highlights the dif-
ferent levels of resources needed for each method,
as well as the different assumptions at the heart of
each method.

This section presented several examples of fools for
gross assessment of variapbles of economic impacts.
Table 3.4 summarises key information aboutf these
and other fools that have a gross sectoral scope.
The list does not infend fo be exhaustive; it provides a
few examples of the many fools available. The table
highlights the tools” inputs, outputs (the questions
fhey can help answer) and characteristics. These
fools have been selected based on the following
attributes:

»  They are used by policy makers, governments and
international organisations, and their capabilities
are widely recognised.

»  They are used fo solve questions similar fo the
ones that are addressed in this report.

»  The developers were responsive to our enguiry
and fo the prospect of working with new-user
countries, which could imply modifications and
enhancements to their existing databases and/
or functionality.

TOOL EXAMPLE: WEBEE

Main characteristics: WeBEE is a supply-chain analysis
simulation fool that focusses on the components and
services necessary to produce, install and operate a
renewable energy technology. Value chains are rep-
resented in four segments in which value added can
be created: the Systems Manufacture and Planning
& Installation stages reflect one-time impacts, whilst
the Operation & Maintenance (O&M) and System
Operation stages include annually recurring effects.
Two main value-added components are calculated,
which yield a local value-added impact: profits of the
participating companies, and net incomes of the
employees involved. The tool also calculates municipal
faxes paid on business profits and on adjusted gross

employee income; hence, it allows one fo understand
the distribution of the creafed value added among
households, firms and local government.

Access: The tool is run by the developer-owner, hosted by
the German Renewable Energies Agency (www.unendlich-
viel-energie.de/), and analyses can be performed through
fully specified projects or via individual queries. A simplified
online version can be accessed and used free of charge.

Contact: Bernd Hirschi@ioew.de and hito://www.ioew.de/
en/underthe-icews-spotlight/value-added-and-employ-
ment/. Much of the available information is in German,
which may be lmiting.
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TaBLE 3.3 COMPARISON OF GROSS METHODS

GROSS
APPROACH EMPLOYMENT FACTORS GROSS INPUT-OUTPUT MODELS SUPPLY CHAIN ANALYSIS

Key variables  »

Employment only
Only direct jobs in the RE
industry

Quick assessments and simple

» Employment and other
economic impacts (value
added)

Covers indirect jobs in
upstream industries

Medium fo high, depending
on dafa quality

Micro/lbusiness perspective
Direct and indirect
employment and value
crection in upstream value
chain

Quanfification of economic
value creatfion af a project or

Applicability moniforing of employment in
the RE industry
» Low (if employment factors are
Resources ‘ : : ‘
needed easily available) to high (if they  »
have to be derived)
Critical » Imports (domestic prod‘u‘cﬂom),
. exports, labour productivity,
assumptions/ :
data labour input by RET

» Need to disaggregate data

requirements per RE fechnology

Medium

» Imports (domestic production),
exports, labour productivity,
labour input by RET

»  Static input-output fables
assume no change in
economic structure

company level

» High (significant detail needed
on companies within the value
chain and their relations)

» Imports (domestic production),
exports, labour productivity,
labour input by RET

» I results want to be
extrapolated to national level,
assumptions about equal
value chains

Source: Based on Breitschopf et al. 2011, 2012, Allan et al. 2012; Cardenete et al 2012

3.2.2 Net analysis: the whole economy

Nef impact assessments analyse whether renewable
energy deployment has positive or negative effects
on the economy as a whole. These economy-wide
effects can be measured as changes in GDP. welfare
or total employment relafive 1o a hypothetical reference
scenario® with a lower share of renewable energy de-
ployment, asillustrated in Figure 3.3. Crifical assumptions
and dafa requirements include those mentioned in the
section on gross studies (imports, exports and labour
productivity), as well as the development of economic
and demographic growth, energy efficiency, fossil fuel
prices, renewable energy generation costs and CO,
prices”’ Consfructing reference scenarios generally
makes net assessments more resource infensive than
gross assessments (Breitschopf ef al, 2011, 2012, Mai,
2013).

Four main mefhods are available for nef impact assess-
ments: Net input-output, computable general equilio-
rium models, macroeconometric models and simulation
models. Nef input-oufout is limited in scope, because the
iNnput-output tables used for this analysis only consider the
productive secfors in an economy while excluding the
demand sectors, the government or infernational frade.

In contrast, the three other methods can e considered
comprehensive models that reflect the behaviour of all
market parficipants. Due 1o this expanded scope, they
are more costly fo use and may require about three
person-years? for building and applying the model,

Such models are offen run by universities or national re-
search insfifutes, so the choice of modelling approach
may be constrained by the availability of domestic
models and experts. Their applicability range from a
fime horizon of a few years (short ferm) fo several de-
cades (long ferm). All four approaches are based on
input-output tables or social accounting matrices (SAM,
similar fo an input-output Mmatrix but also considering
demand sectors, infernational frade, or government)
as the underlying dafabase of economic sfructure and
inferactions (Breitschopf ef al, 2012).

Net input-output

Description of the method. Nef inpuf-oufput model-
ling represents the relafion between all producing
sectors in the economy - fthat is, how goods and
services flow between them. It does notf include infer-
natfional frade, government or demand sectors and
is similar fo the gross inpuf-oufput approach in fhis
regard. The main difference is that netf input-oufput

fore, costs for the economy. These prices should in the end aim fowards
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TaBLE 3.4 OVERVIEW OF SELECTED TOOLS FOR GROSS RENEWABLE ENERGY IMPACT ASSESSMENT
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FiGurRe 3.3 MEASURING NET IMPACTS AS THE DIFFERENCE BETWEEN AN ADVANCED RET SCENARIO AND A REFERENCE SCENARIO

Economic :
performance (e.g., Scenario of advanced
employment, GDP, welfare) RET deployment
Net impact due to
RET deployment,
while holding other drivers
constant.
Reference
scenario
Present Future
ve purposes, but it could also be negative, i.e. the yellow arrow that refers fo the difference

modelling compares two different scenarios - one
with advanced RET deployment and one without - fo
vield a net effect. Some authors disagree, stating that
netf inpuf-oufput is Not a frue nef analysis since if fails
fo capture all feedbacks across the entire economy.

This method is limifed in its ability fo capture structural
economic changes and dynamics because it is based
on input-oufput fables, which usually represent a static
picture of the economy. The model does nof include
inferactions between prices and guantities, capital
accumulation processes?” or changes in consumer
preferences and fechnologies. This approach has the
advantage of being less resource infensive than fthe
other net modelling opfions presented in this section.

Data requirements. The data needed include those for
gross input-outout modeling, as well as several ofher statfistics
regarding induced effects (for exarmple, prices in other mar-
kets in the economy, iIncluding for power and CO,#) and for
constructing a reference scenario (Breitschopf et al, 2012).

Case study. In Greece, the net impact of RET deploy-
ment and energy efficiency measures was calculated
fromn 2010 fo 2020 using a nef inpuf-output modeling
approach. The analysis found an overall nef increase in
output and employment, which is reduced corresponad-
ingly if substantial components for solar PV and wind
installations need to be imported (Markaki ef al, 2013).

Computable general equilibrium models

Description of the method. Computable general
equilibrium (CGE) models complement the net in-
put-output models 1o represent the entire economy,
infernational
frade, investment and all the inferactions between

including households, government,
them. Households supply labour and capital to pro-
ducing sectors, where these inputs get fransformed
info goods and services for consumption by house-
holds. This flow of inputs and outputs is depicted as
a sef of demand and supply equations that corre-
spond to microeconomic consumption and produc-
fion theories.

Generally, these models adopt the sfrict assumpfions
(normally associated with neoclassical economics)
that all economic agents are perfectly rational and
have perfect information, housenolds maximise their
ufility and companies maximise their profits, and all
markets are in equilibrium. It should be noted that
these neoclassical assumptions are as strong as as-
suming full employment or perfect competition in all
markets. Using these assumptions, a set of equations
can be obfained. CGE models solve such sysfems of
equations fo an equilibrium at which supply and de-
mand are balanced across all markefs for goods and
services. The prices of these marketfs are also revealed

during fhis process (Breitschopf ef al., 2012; Allan et al.,
2012, Mai, 2013).
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Given their strict neoclassical assumptions of opfimising
agents, perfect information and efficient markets, CGE
models are well suited for long-term impact assessments
that give economic actfors enough fime fo adjust, as-
suming there are no large structural changes in the
economy. Furthermore, some types of CGE models are
well-suited to lllustrate the un-anticipated long-ferm ef-
fects of a given policy. Additional strengths include their
foundation in microeconomic theory, which offers great
fliexibility in evaluating a range of different policy impacts
fo the economic system within a consistent frarmework,
and their ability fo assess policies at the regional level,
even when regional fime-series dafa are nof sufficiently
available (Breifschopf ef al, 2012; Allan ef al., 2012).

CGE models have several weaknesses. Hrst, it could be
argued whether their neoclassical assumptions hold in
reality (it is widely acknowledged that economic agents
such as households and firms are nof fully rational and do
not have perfect information, and that markets do not al-
ways reach eqgulliorium situations). Second, they cannot
represent large structural economic changes (ie., they
are normally based on static SAM maifrixes™). Third, there
are no formal diagnostic tests for evaluating the appropri-
afeness of the equations used to represent households’
and firms’” behaviours. In addifion, ofher datfa apart from
the SAM mairixes are offen used in CGE models (such
as substitution elasficifies relevant for representing frade
flows or how households prefer some goods over ofhers),
which may have limited information available for their
estimation. According fo some experts, these issues make
CGE analysis especially challenging or even incorrect in
the context of developing countries, where the assump-
fion of equilibrium can be weaker, although this may also
be the case in industrialised countries.

Data requirements. Developrment and use of CGE fools
requires significant data inputs and modelling expertise,
making fhese models highly resource infensive. To some
extent, parameters needed can e derived from (static)
input-output fables. Yet CGE models need further data
sources fo characterise the economy more compre-
hensively in the SAM, which also represents households,
the government, etc. This requires data albout national
accounts, government accounts, balance of payments
and frade (Allan et al, 2012; Caldés ef al, 2012).

Case studies. Nonetheless, CGE models have been
used in many countries fo assess the pofential for
value creation due to renewable energy. A recent CGE

Dynamic CGE models also exist, in which this

analysis for Germany assessed the overall employment
and welfare impacts of different ways of financing the
subsidies for renewable electricity generatfion. Results
from the model show that doing so through a labour
fax fends fo yield negative effects, while financing
generation through a levy on consumed electricity has
positive effects if the levy is nof Too high (Bohringer ef
al, 2013).

Two earlier CGE analyses for the European Union (EU-15) as-
sess the impact of support policies for RET that aim fo reach
30% renewabble energy-based electricity by 2020. Both stud-
ies find negative effects on two measures of economic per-
formance: welfare (0.08%) and GDP (-0.8%) (Dannenberg
et al, 2008). However, fechnology costs have decreased
significantly since these studies were conducted, possibly
affecting these conclusions.

For South Korea, a CGE assessment shows the impact of re-
newable energy policy and related public exoenditure from
2008 fo 2010. For the short ferm of three years, the growth
rate of GDP increases by 0.16% aond about 14 500 jobs are
creatfed. Over fen years, the growth rafe of GDP willincrease
by 0.58% and about 51 000 jobs will be created (KEIS, 2012).

Macroeconometric models

Description of the method. Secforally disaggregated
maocroeconometric models, based mainly onadvanced
statistical fechniques, are best suifed for prospective,
short- to medium-ferr economic impact assessments.
Unlke the CGE models, macroeconometric models
do nof make the strict neoclassical assumptions of full
information, perfect rationality of economic agents (Citi-
zens, firms, efc) and substitutability of all factors (labour,
capifal, resources, efc). Instead, these models assume
hisforical observed relations (which may represent im-
perfect, but realistic, behaviour of economic agentfs and
markef imperfections) to remain frue for the future. For
this reason, macroeconometric models may be more
correct in their predictions for the short-lo-medium ferm
(When one can assume that past relations are sfill frue),
whereas CGE models may be more correct for longer-
ferm analysis (when the neoclassical assumptions could
e relatively more correct compared to past relations).

Macroeconometric models have several strengths,
the most important being their ability fo represent the
imperfections of the economy (e.g., imperfect informa-
fion, unemployment, imperfect rationality) that contra-
dict the neoclassical assumptions. This is because they
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assume that the statistical relations that described the
past will hold for the fufure, and within them, the exist-
iNng market imperfections. But this can also e one of
their main weoknesses, as past relafions do Not always
remain frue for the future. For example, a change in the
economy due fo a major fechnological innovation may
make economelric extrapolation of previous economic
conditions less applicable. Another weakness is that
these models may not adequately reflect the microeco-
nomic structure of the economy. When compared to
CGE models, macroeconometric models tend to assess
benefits of RET support policies slightly less pessimistically
(Breitschopf et al, 2012; Allan et al, 2012).

Data requirements. Using a macroeconometric model
requires long fime-series dafa for parameter estimation
and model specification, as well as significant knowl-
edge of advanced stafistical fechnigues, which leads
fo higher resource intensity and costs. While such time
series are, af least in OECD countries, offen available
for key macroeconomic and sectoral indicators, they
may e more difficult fo obfain for other countries or for
disaggregated, RET-specific applications. Many mac-
roeconometric models rely on data, relations or even
structures from the system of national accounts (such
as input-output fables and SAM matrixes). However, if
the method is based on macroeconometric relations,
this report classifies them as macroeconometric mod-
els (instead of input-oufput models, for instance).

Case studies. In Poland, a specific macroeconometric
approach - a dynamic stochastic general equiliorium
(DSGE) model - was used fo assess modernisation
and fthe transformation fo a low-emission economy,
including renewable energy production. This multi-
sector model represents the Polish economy with fwo-
way dependence befween decisions of individual
entities and the sfate of the economy as a whole for
a fime horizon to 2050. The results show that, in the
first decade, a low-emission economic fransformartion
scenario affects GDP and employment negatively rel-
atfive to a reference scenario. Subsequently, however,
the low-emission fransition will affect the economy in
a positive way, increasing GDP by more than 1% and
employment by 0.1% by 2050 (Bukowski et al, 2013).

Anofher sfudy used a macroeconomelric model 1o
project employment effects in Germany fo 2030. Using dif-
ferent assurnptions for fossil fuel prices, infernational frade
and domestic installations, the analysis concludes that

RET deployment has a positive nef impact on employ-
ment for almost all the scenarios and years analysed, and
rises as scenarios with greatfer levels of German exports
lead to more positive impact increases (Lehr et al, 20120).

Given that CGE models and macroeconometric mod-
els are built on fundamentally different assumptions
about the economy (perfect markets and rafionality vs.
replication in the fufure of past relations which represent
realistic, imperfect behaviours), it is useful fo apply both
fo a single policy analysis and to compare results from
each method. This was done recently in Europe when
analysing the proposed 2030 climate and energy pol-
icy framework, where the GEM-E3 general equilibrium
model and the ESBMG macroeconometric model were
both used (European Commission, 2014).

Another inferesting  study using the E3ME mac-
roeconomefric model (see Box 3.6) was recently
published analysing the economic impacts of wind
energy development in Ireland, concluding that such
development would contribufe to economic growth
(Poyry  Management Consuling and  Cambridge
Econometrics, 2014).

Economic simulation models

Description of the method. Economic simulation models
are suifable for long-term assessments, alfhough they are
used less frequently fo assess economic impacts of RET
deployment than the ofher approaches discussed here.
They are not built on any specific underlying theory or
economic paradigm. On the confrary, they are a pure
representation of the relafions between variables that
are believed fo occur in redlity. They allow for more nu-
anced inferactions than those found in the fwo preced-
iNg approaches. Due fo their complex structures, they
also come with high cost. Their mixed character - with
aftfributes of both econometric models and equilibrium
approaches and different theoretical economic founda-
fions — can e seen as a strength, but also as a weakness
(Breitschopf et al, 2012). Another weakness may e their
reliance on parameters which can be hard fo estimate,
understand and explain - facfors that fend 1o reduce
model fransparency and frustworthiness.

Case study. In one sfudy, the nef impact of RET de-
ployment on GDP and employment was modelled
using a system dynamics model (a type of simulation
model) for the EU-27 with a fime horizon of 2030. The
results demonstrate that GDP increases contfinuously
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Box 3.6

TOOL EXAMPLE: E3ME

Main characteristics: ESME is an econometric, net, fop-
down (with botfom-up elements in the power sector)
simulation fool whose structure is based on the system of
national accounts. It includes the main components of
GDP (consumption, investment and infernational frade).
Equations are disaggregated by country and by sector.
Natfional energy and environmental policies (e.g.. sup-
port to renewables) are some of the main inputs, and the
model calculates how the economy responds fo them.

Access: Details of applicable fees per project are
available upon request from the provider. ESME

in all scenarios to 2030, relatfive to a baseline without
renewable energy support policies in place. The rela-
five change in employment is also posifive buf follows
more diverse patterns (Ragwitz ef al, 2009).

Table 3.5 compares the four net analysis mefhods
discussed in this section. It highlights the key attributes
of the mefhods and putfs them in the confext of their
applicable uses, ranging from short- to long-ferm as-
sessments. The fable describes the different level of
resources needed for each method, as well as the
different assumptions made.

This section has described some examples of net eco-
nomic analysis fools (e.g., E3ME). Table 3.6 highlights
addifional fools beyond those mentioned and defails
their inputs, outputs and characteristics, with their selec-
fion based on the same criterion as described above.

TaBLE 3.5 COMPARISON OF NET METHODS

is usually run by the developer buft can also be
made available under licence. Typical projects are
organised around scenario analysis on behalf of
clients.

Relevance: This fool has been used to answer questions
about oufputs in projects such as “Impact Assessments
of Energy Taxation Directive and Energy Efficiency
Directives”

and ‘Green jobs study for European

Commission (2011)

Contact: www.e3me.com and hp@camecon.com

3.2.2 Categorisation of methods by
characteristics

Tables 3.4 and 3.6 highlighted some of the salient char-
acteristics of specific tools (e.g., JEDI, ESME). However,
comprehensive discussion of the characteristics of each
method (gross input-output, macroeconometric, efc.) is
still lacking. This section catfegorises the specific meth-
ods presented in Secfions 3.2.1 and 3.2.2 by some of the
model characteristics presenfed in Section 3.1.2. Table
3.7. organises the existing methods infroduced for as-
sessing socio-economic impacts of renewable energy
by three of their characteristics (sectoral scope, math-
ematical technique and fechnological approach).

It should be reiterated that this categorisation is not
claimed fo be definitive. Excepfions may always exist; for
example, simulation models can e used in conjunction

COMPREHENSIVE ECONOMIC MODELS (ALL ECONOMIC SECTORS)

NET INPUT-OUTPUT
MODELLING

NET APPROACH

MACRO-
ECONOMETRIC

COMPUTABLE
GENERAL
EQUILIBRIUM (CGE)

ECONOMIC
SIMULATION

Medium data

Assumed relatfions

Assumptions of Complex

Key attributes requirements; very limited require time-series datfa optimising agents structures with many
dynamics for parameterisation and perfect markets feedback loops
. - Rough nef Short- to medium-ferm Long-term Long-ferm
Applicability assessment for the short
term assessments assessments assessments
Resources : : : : ‘
needed Medium fo high Very high Very high Very high
Critical . ‘ - :
. » Imports (and hence domestic production), exports, lalbbour productivity, labour input by RET
assumptions/ ‘ ‘ ‘ ‘ )
data » Development of economic and demographic growth, energy efficiency, fossil fuel prices, RET

. generation costs and CO, prices
requirements

Source. Based on Breitschopf et al., 2011, 2012; Allan et al., 2012, Cardenete et al., 2012
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TaBLE 3.6 OVERVIEW OF SELECTED TOOLS FOR NET RENEWABLE ENERGY IMPACT ASSESSMENT
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with optimisation algorithms fo arrive at optimal solu-
fions. Even if not perfect, Table 3.7 is included here in an
atternpt to bring further clarity fo the discussion.

Methods that are classified as gross are employment
factors, supply chain analysis and gross input-output
methods. All three have a simulafion rafionale, since
they represent what will happen for the given dafa
(in the form of capacities, costs, employment per
unit of capacity or observed economic relations
pbefween production sectors), without addressing if
the output is opfimal. However, both the employment
factors and supply chain analysis approaches could
pbe considered o be ‘botfom-up” because their
main dafa are detailed technical and economic
quantities (ie., the capacities in the different tech-
nologies, supply-chain characteristics). In confrast,
the gross input-oufput approach can be considered
fo be “fop-down” since it uses macroeconomic ag-
gregates (such as the input-oufput tfable) fo calcu-
late the effects in the renewable energy sector and
upstream industries.

Net input-output models are fop-down and based on
simulation, for the same reasons as gross input-oufput,
but they are net as they consider the complete econ-
omy. CGE models are also fop-down (they are built on
macroeconomic data in the form of the SAM martrix)
and net. They have an optimisation rationale since the
economy is assumed fo reach an ideal situation where
all markets are in equiliorium, all households have maoxi-
mum utility and all firms have maximum profifs,

TaBLE 3.7 METHODS CATEGORISED BY THEIR MODEL CHARACTERISTICS

Macro-econometric models are also net and fop-down,
but they have a simulating rationale as they assume that
past condifions hold in the future, without assessing if this
outcome is best. Finally, economic simulation models
are also net and have a simulation rafionale. They can
be both boftom-up (if the represented relafions have a
largely technical perspective and the macro figures are
based on an aggregation of them) or top-down (if the
represented relations are directly between macro figures).

3.3 CONCLUSIONS

The imporfance of assessing the socio-economic
impacts of renewable energy deployment is being
increasingly recognised in infernational delbbates. Sound
information on expected impacts, such as employment
and income generation, is essential fo enable informed
policy choices. It also helps in monitoring policy effective-
ness and in communicating the benefits of these policies
fo the wider public with reliable facts and figures. In the
past, however, policies have been implemented without
clearly understanding their full economic effects, which
can be a significant risk for their medium-term economic
sustainability and associated policy stability. This is why
the exercise of quantifying the economic impacts that
are expected from those policies is crucial. However, it
is a complex process that could be resource infensive.

Conducting such an assessment requires solid data
on the renewable energy sector that: - complies with
infernational reporting stondards in order fo ensure
comparability among countries; ii- is collected over

SECTORAL SCOPE
GROSS (ONLY ONE SECTOR) NET (ECONOMY)

MATHEMATICAL TECHNIQUE MATHEMATICAL TECHNIQUE
OPTIMISATION SIMULATION OPTIMISATION SIMULATION

Economic simulation

Employment Factors (e.g. System
Bottom-up Dynamics)
Supply Chain
Analysis
Technological Gross Input-Output Net input-output
approach Computable
General Equilibrium
Top-down Economic simulation

(e.g. System
Dynamics)

Macroeconometric
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long fime series; and iii- reflects a clear definifion of what
each datfa category does and does not include (for
example, if a new sector is created in nafional statfistics
for solar PV. the data definitions need to e very clear
about how this sector is defined and where ifs bound-
aries are). However, dafa gathering is challenging, as
such information is not normally captured in standard
national stafistics due fo the cross-cutting, somefimes
highly decentralised and relatively new nature of the re-
newable energy sector. In addition, not all countries are
able fo bear the costs associated with data collection
and may lack the institutional capacities fo handle the
dafa. Countries with insufficient data can start their data
collection efforts by adding specific questions on the
renewable energy sector fo existing stafistical surveys,
by gathering primary datfa from industry surveys or by
developing case studies, the resulfs of which can then
inform a counfry-wide datfa collection strategy.

The process of quantifying the socio-economic im-
pacts of renewable energy deployment can be time-
consuming and in some cases does noft fit easily with
the fime frames of the policy-making process. The first
step in this process is defining the question fo be an-
swered, which includes choosing both the variables to
be assessed (employment, GDP, efc.) and their char-
acteristics (gross or net; regional, national or sub-no-
fional; obfained by opfimisation or by simulation, efc)).
The second sfep is To select the most appropriate fool
for the assessment, where outputs and characteristics
need to mafch the exact guestion to be answered.
The third step is fo assess if the inpufs required for the
chosen fools are available, both in terms of resources
(expertise, fime and money) and in ferms of data and
solid information fo make the needed assumptions.
Finally, if the required inputs can be secured, engage-
ment with the ool can be inifiated (downloading it
from the web, confacting the developers, aftending
fraining sessions, etfc.). Otherwise, the level of ambition
of the study would have fo be reduced.

Depending on the question and tool selected, gather-
iNng the data and running the model could fake be-
fween a few months up fo a couple of years. If solid data
are systematically collected, and the human expertise
is established and mainfained (for example through a

statistics, modelling and policy analysis department),
the developed fools could be used for many years for
different policy assessments, bringing o prolonged
penefit via  better informed policy-making. Indeed, a
key requirement for successfully engaging in such a pro-
cess is The human resources and expertise Nneeded in
disciplines such as stafistics, economics, policy analysis,
modeling and advanced computer literacy, includ-
iNg programming. These skills are nof always readily
available, and this task could be oufsourced, but over
the long ferm it may be more sustainable to establish
iNn-nouse capabilifies.

Numerous tools are avaiable, with different underlying
methods (employment factfors, gross input-output, CCE,
macroeconometrics, efc), data and resource require-
ments (some of the tocls are freely available online), de-
grees of sophistication, levels of applicability, efc. Their un-
derlying mefhods, which range from simple ermployment
estimates to comprehensive economic models, can be
differenticted info gross and net impact assessments.

Gross impact assessments focus exclusively on one sec-
for (for example, the wind energy sector) and as such are
relatively simpler and less resource-infensive approaches.
They include employment facfors, gross input-oufput
and supply chain analysis. Net impact assessments rep-
resent the whole economy (all sectors) and as such can
provide a broader picture of the economic impacts of
renewable energy deployment (for example, if the overall
impact is positive or negative), however, they also have
larger data and resource requirements. They include net
input-oufput Mmodels, CGE models, macroeconometric
models and economic simulation models.

Finally, it should be noted that no approach fifs all
needs perfectly, and that the resulfs of a modelling ex-
ercise should not be interpreted as a precise forecast
of whatwillhappen. The results depend strongly on the
quality of the dafa, the assumptions and the underly-
ing modelling method. Comparing results obtained
from different models, performing targefed sensitivity/
scenario analyses, analysing results obtained for other
countries/regions with similar characteristics and peer
reviewing conclusions with ofher experts, is usually
advisable.
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4 Key Recommendations

The findings of this report indicate that in designing and implementing policies fo maximise value cre-
ation, policy-makers may consider:

Analysing socio-economic value creation of renewable energy

»  Assessing the impact of solar and wind energy deployment on value creation is critical for making
informed policy decisions. Value creation can be measured by macroeconomic variables such as
value added, gross domestic product, welfare and employment. Given the cross-secforal nafure of
the renewable energy industry, the analysis should lbe conducted along the different segments of
the value chain.

»  Policy makers should pursue value creation depending on local conditions and the stage of
renewable energy deployment. In each segment of the value chain of wind and solar energy
projects (including project planning, manufacturing, installation, grid connection, operation and
maintenance and decommissioning) value is created by different industries in the delivery of
the respective sub-products and sub-processes. Countries at early stages of development have
higher potential for value creation in activities such as operation and mainfenance, or grid con-
nection. With further developments, many opportunities for domestic value creation arise in other
segments of the value chain.

Adopting the right policy mix to maximise value creation

»  Policies that stimulate deployment and aim at building a domestic industry by encouraging invest-
ment and fechnology fransfer, strengthening capabilities, promoting education and training, as well
as research and innovation greatly affect value creation. It s, therefore, important that policy makers
develop an appropriate mix of policies failored fo country condifions and priorities.

»  Close coordination and engagement of stakeholders from different secfors is key for the success
of both policy-making and policy implementation. Policies should be designed as part of a holistic
framework that is consistent with and supports a well-defined national strafegy. In addition, a predict-
able long-term policy framework for renewable energy market development is necessary fo ensure
stability in the value generated through deployment.

»  Policy choices aimed af developing a domestic industry need to be failored fo countries” partficular
strengths and weaknesses. For insfance, the design of local confent requirernents should consider
existing areas of expertise along the different segments of the value chain and be directed af those
with the highest development potential. Such policies should be accompanied by measures to
enhance firm-level capabilities, develop relevant skills, and advance research and development.
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»

»

»

In enhancing firm-level capabilities fo increase the level of competitiveness of domestic firms,
policy makers may consider measures such as industrial upgrading programmes, supplier
development programmes, and cluster development.

In developing the relevant skills, policy-making should include the identfification, anficipafion and
provision of adequate education and fraining in the sector. Including renewable energy subjects
in existing and new educational programmes should be encouraged, and financial support fo
relevant institutions should e provided. Cooperation and cohesive action between the private and
public sectors, industry associations and infernational organisations can help ensure the success of
such policies.

Policy makers may consider promoting research and developrment activities that caon help address
challenges faced by local industries and facilitate spin-off products to maximise value creatfion. To
create an enabling environment for research and innovation, supporting measures can include
funding, building competence and human capital, facilitating knowledge diffusion and developing
infrastructure.

Gathering data and estimating value creation

»

»

Many fools can be used fo estimate the socio-economic impacts of solar and wind energy deploy-
ment, with different scope and capabilities. The most appropriate tool should be selected based
on the specific socio-economic impact fo be quantiied and on human and financial resources
availople.

Governments need fo systematically collect data required for a rigorous estimation of the value
creation impacts of renewable energy deployment. Dafa availability can be improved by adding
fargeted questions fo industry and statistical surveys, or by developing case studies. The data should
be well defined and collected over a long fime series, as well as comply with infernational reporting
standards to ensure comparability among countries.
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