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Transforming Small Island Developing States Power Systems through Variable 
Renewable Energy 

An Overview



MANDATE
To promote the widespread adoption and sustainable use of all forms of 
renewable energy worldwide

OBJECTIVE
To serve as a network hub, an advisory resource and an authoritative, unified, 
global voice for renewable energy

SCOPE
All renewable energy sources produced in a sustainable manner
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Transformation of power systems
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Specificities of Small Island Developing States (SIDS)

• Price volatility

Fossil fuel dependency

• RE Targets not supported by clear policy/roadmap and financing plans

• Bankable RE projects 

Policy

• Lack of technical capacity 

• External support required to integrate higher shares of VRE

• Limited primary resource

• Small size of the system

• Higher costs for energy

• Compliance with environmental constraints

• Uncertainty in demand growth

Technical capacity

• Extreme weather conditions

• Fragile natural environments

• Need for resilient systems

Impact of climate change

Characterized by Isolated networks ranging from hundreds of kW to few hundreds of MW.



Challenges of VRE
• Variability

• Uncertainty

• Inverter based

Objectives of the study Steps
Analyse and recommend
• Optimum VRE share without major 

investments
• Feasibility and impact on power system
• Mitigation measures

Steps
• System modelling and analysis
based on specifications and priorities

Requirement
• Accurate and detail information
• Engagement with stakeholders

Software
• DigSILENT PowerFactory
• PSSE

Challenges of VRE Integration and why we need grid assessment
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Planning Reliable and Efficient Power Systems 
With High Shares of VRE In SIDS

Reliability
Cost

Compliance with physical limits

Ensuring sufficient firm capacity

Addressing flexibility needs

Ensuring system stability

Ensuring effective functioning of protection systems

Maintaining power quality
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Grid studies to date

• Antigua and Barbuda

• Island of Antigua (2015)

• Cook Islands

• Island of Aitutaki (2015)

• Samoa (independent state)

• Island of Upolu (2014, 2016)

• Palau

• Island of Palau (2013)

• Vanuatu

• Island of Espiritu Santo (2018)

• Fiji

• Island of Viti Levu (2019)

• Dominican Republic

• National power grid (2019)

• Mozambique

• Two asynchronous systems (ongoing)

• Tonga

• Nine islands (ongoing)

Vanuatu
(2018)

Fiji 
(2019) Cook Islands

(2015)

Palau (2013)

Samoa (Independent state)
(2014,2016)

Dominican Republic
(2019)

Antigua and 
Barbuda (2015)

Mozambique

Disclaimer: Boundaries and names shown on this map do not imply any official endorsement or acceptance by IRENA. The 
term "country" as used in this material refers, as appropriate, to territories or areas. 13



Transforming Small-Island Power Systems-The publication

https://www.irena.org/publications/2019/Jan/Transforming-small-island-power-systems

Solutions required to overcome VRE integration challenges

Technical studies needed to analyse and quantify challenges

VRE integration planning for the technical challenges

Expected challenges associated with VRE in SIDs
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https://www.irena.org/publications/2019/Jan/Transforming-small-island-power-systems


Supporting the enhancement and implementation of climate 
action plans

1
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IRENA provides high level technical assistance at country level

to support the design, update and implementation of

member countries climate action plans in the context of the

Paris Agreement:

• Development and dissemination of climate-related

knowledge, data, tools, products and solutions gateways on

renewable energy

• Ensure that sectoral and horizontal strategies are

supported towards the enhancement, revision and/or

implementation of climate action plans including NDCs,

LTS and NAPs.

• Antigua and Barbuda,

• Dominican Republic, 

• El Salvador, 

• Cuba, 

• Saint Kitts and Nevis, 

• Belize, 

• Nicaragua, 

• Ecuador, 

• Uruguay.

Innovation and Technology NDC 

Support for the LAC region:

International cooperation partners
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• Support the enhancement and implementation of climate action plans in SIDS, including NDC, LTS and NAP,

• Development of cost-benefit analysis to support and strengthen national climate action plans,

• Providing insights, advice and tools to enhance RE targets, including dispatchable and variable renewable energy sources,

• Technical support for the integration of technology development and transfer in national climate  plans,

• Strengthening in-country expertise through capacity building.

Supporting the enhancement and implementation of climate 
action plans

Opportunities for collaboration for climate action



Mini-grids in islands – sound quality control for resilient energy 
systems

Challenges of island 
mini-grids

New report launched today
Free download:
www.irena.org/publications

http://www.irena.org/publications
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3. Promote all renewable sources, including geothermal and ocean
energy, and step up work on wind and PV

2. Expand from assessment and planning to

implementing effective, innovative solutions.

4. Support the development of bankable projects, access to

finance and co-operation with the private sector

6. Expand focus beyond power generation to include

transportation and other end-use sectors

Priority Areas

8. Leverage synergies between renewables and energy 

efficiency

10. Link renewable energy uptake to climate resilience and more 

effective disaster recovery.

1. Support SIDS in reviewing and implementing NDCs,
with technical assistance and capacity building

5. Strengthen institutional and human capacity in all segments of the 
renewable energy value chain

7. Expand focus beyond power generation to include transportation 
and other end-use sectors

12. Reinforce and expand partner engagement, leveraging

synergies with other SIDS initiatives

9. Nexus between RE and agriculture, food, health and water – to
foster broad socio-economic development: job creation, gender
equality and women’s empowerment through renewables.

11. Enhance collection and dissemination of statistics, supporting
informed decision-making

13. Boost renewable power deployment, aiming for a target of 5 GW of installed capacity in SIDS by 
2023
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Installed RE Capacity in SIDS



25

Installed RE Capacity in Caribbean SIDS

LHI Partners
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Energy Transformation Tools and 

Services

NDC Enhancement and 

Implementation  

Support
Renewable Energy/E-Mobility 
RoadmapsRenewable Readiness 

Assessment

Grid Integration Analysis



Knowledge Hub and Dissemination
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Climate Investment Platform 

Investment Forums
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More Support Needed for Energy 

Transformation
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More Support Needed for Energy 

Transformation
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Antigua and Barbuda perspective

Andre Matthias
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Antigua Public Utilities Authority (APUA) 
Antigua and Barbuda
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Characteristics of VRE and its impact

Fig. Key links between variable renewable energy, power system properties and planning

Ensuring sufficient firm 
capacity

Addressing flexibility 
needs

Ensuring system 
stability

Compliance with 
physical limits

Ensuring effective 
functioning of 
protection systems

Maintaining power 
quality



Essential steps in planning to overcome challenges in SIDS

The influence of governance on technical operations

Vertical integration Vertical integration with IPP’s
Some extent of vertical and horizontal 

unbundling
Power market

Operational and planning practices of utilities in SIDS

Absence of dedicated long-
/mid-term expansion planning

Absence of sufficient operating 
reserves 

Inadequate set-up of load 
shedding schemes

Fully automated operation of 
diesel power stations

Absence of up-to-date grid-
codes with clear definitions

VRE implementation strategy and generation expansion plans

Expansion planning-long /mid-term Operational planning-short-term

Characteristics of SIDS power systems for variable renewable energy integration planning

Flexibility of the existing and future power generation 
fleets

Demand and load profile
Structure and strength of transmission and distribution 

networks



Different studies needed to support VRE integration

Fig. Limitations for VRE integration resulting from different technical studies

• Generation adequacy
• Generation scheduling and reserve 

sizing
• Network studies

• Static network analyses
• Load flow
• Short circuit
• Security analysis

• Dynamic network analyses
• Stability assessments
• Contingency analysis

• Special network studies.
• Grid connection
• Defense plans



Technical network studies for VRE Integration

Operational Planning: 
short term

Network Studies

Static network 
analysis

Load flow

Static security

Short-circuit studies

System stability 
analysis

Transient

Frequency

Voltage

Special network 
analysis

Defence plans

Grid connection 
studies



Static network studies

Expansion 
Planning

• Determine the required network reinforcements 

Operational 
Planning

• Generation rescheduling is needed (including VRE 
curtailment).

Load flow and static security assessment

Short-circuit currents

Expansion 
Planning

• Determine possible upgrades of existing equipment 

Operational 
Planning

• network switching (change in the network 
topology), 

• protection co-ordination  and selectivity. 



System stability

Expansion Planning • Assess the adequacy of the planned network structure and protection schemes

Operational Planning
• Generation re-dispatch (including VRE curtailment)

• Modification to the voltage set-points of the generating units

Transient stability

Frequency stability

Expansion Planning

• Implementation of synthetic inertia function to the VRE power plants, 

• Automatic generation control scheme, 

• Improvement of UFLS settings

• Deployment of energy storage

Operational Planning
• Generation rescheduling is needed (including VRE curtailment).

• Improvement of  UFLS settings can be envisaged.

Voltage stability

Expansion Planning • New investments in reactive power compensation

Operational Planning • Review of the voltage/reactive power compensation scheme 



Example workflow-Transient stability studies

Fig. Workflow to perform transient stability studies 

Other studies discussed 

• Workflow to perform generation 
scheduling studies

• Workflow to perform load flow studies
• Workflow to perform static security 

assessment studies
• Workflow to perform short-circuit 

studies
• Workflow to perform operating reserve 

sizing

Details addressed in each study
• Study results and evaluation criteria
• Methodology to perform the study
• Analysis of results and next steps
• Potential issues and solutions
at the different planning stages 
• Workflow to perform the study
• Examples of study results
• References for further reading



Solutions for better integration of VRE-Infrastructure investments

Energy storage systems

Grid Reinforcements

Distribution automation and smart 
grid technologies

Interconnection with neighboring 
countries

Diversification of VRE installations

Flexible generating units



Solutions for better integration of VRE-Operational Measures

Demand response programs

Enhanced generation dispatch and 
control

Enhanced defense plans

Automatic power controller and network 
monitoring

Short term VRE forecast
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Partner organsiation’s perspective
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Transforming Small Island 
Developing States Power Systems 

through Variable Renewable Energy 

Jennifer DeCesaro

Director, Recovery and Critical 
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09 December 2020
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Grid assessment for Antigua



Grid Integration Assessment for Antigua

Outcomes 

• PV and wind cover 4.2% and 
11.8% of the total demand

• Diesel consumption reduced 
from 100% to 84%

• Possible to integrate at least 
37.5 MW of PV generation

• Going beyond 37.5 MW of PV 
will require the installation of 
storage devices

Technical 
studies

• Calculation of power reserve 
requirements

• Unit commitment and 
generation dispatch

• Steady state analysis

• Frequency stability analysis

• Contingency analysis

• Assessment on the PV and 
wind absorption capacity

Methodology

• Solar and wind variability 
included

• Typical load profiles 
considered

• 8 generation expansion 
scenarios

• Analysis with VRE and peak 
demand at noon time

• Analysis of maximum 
penetration of VRE at peak 
demand

• Analysis of highest 
penetration of VRE with  
minimum demand

• Model developed

Objective

• Determine the contribution 
of VRE generation to meet 
annual demand

•Level of reduction of diesel 
generation



Grid Integration Assessment for Antigua- Methodology of study 
Findings and Recommendations

Request from Antigua

IRENA

Data on grid elements: 
generation, lines, 

protection settings, etc.

Solar and wind variability 
analysis

Hourly demand profile Expansion plan
Definition of performance 

criteria

Selection of operation 
scenarios



Grid Integration Assessment for Antigua- Methodology of study 
Findings and Recommendations, cont..

• VRE generation to have voltage control capabilities with power 
factor range of ±0.95

• Protection settings of VRE to be consistent with diesel and hydro 
power generation

•Update and re-define spinning reserves

Contingencies

• VRE generation to have Fault ride through (FRT) and inject reactive 
power to contain the low voltage to local areas

Voltage stability

• To implement an automatic and centralised unit commitment and 
generation dispatch 

Unit commitment and dispatch

•Assess performance of diesel generators

•Curtailment

Impact on diesel generation



Dominican Republic



Grid Integration Assessment for Dominican Republic

Outcomes

• By 2030 DR could be using 
34% more wind and 22% 
more Solar

• Almost 63% of the 
instantaneous demand could 
be provided by VRE in the 
2030 remap scenario

• 45% reduction in CO2 
emissions by 2030

• Production cost in 2030 
Remap is 60% lower than 
base case

Technical 
studies

• PLEXOS analysis

• Economic dispatch

• Co2 emissions calculation

• Production cost 

• Frequency Stability

• Voltage stability

• Transient stability

• N-1 contingency analysis

Methodology

• VRE site selection

• Development of solar and 
wind generation profiles and 
forecasts

• Collection of historical data

• Development of scenarios

• 12 Scenarios and sub-
scenarios-Peak, mean & 
valley

• Nº  of units connected, VRE 
generation, Spinning reserve, 
Inertia, Power output of 
largest unit 

• Definition of transmission 
capacity between nodes

• Modelling the power system 
and perform the 
technoeconomic studies

Objective

• 25% of VRE by 2025 and 
higher shares of VRE by 2030 

• Techno economic study

• Production cost analysis



Grid Integration Assessment for Dominican Republic - Flowchart



• Installation of batteries for primary frequency support

•Must run units for frequency support- with fast response

• Frequency support from VRE generation by maintaining power reserve

• Change in droop values of synchronous generation units

•Modify Reactive power capabilities from VRE generation at connection 
point

Frequency support

• Installation of batteries

• Ensure VRE generation are connected at points with transfer capacity 
available

• Reinforcing the grid by building new lines

Congestion

• Installation of shunt devices

•Operational strategy for shunt capacitor banks/STATCOMS 

• Analyse and revise voltage limits 

• Ensure Fault ride through (FRT) from VRE generation

Voltage control

• Re-configuration of grid

•Generation re-dispatch

•Use of advanced forecasting tools

•Merit order of dispatch of generation to be analysed to avoid transient 
stability issues.

Operational procedures

Grid Integration Assessment for Dominican Republic –
Findings and Recommendations

2018
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Launch and key insights “Quality Infrastructure for Smart-Grids”
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Francisco Boshell



Renewable mini-grids market status

Source: IRENA (2020), Quality Infrastructure for Smart Mini-Grids

Total installed capacity RE mini-grids > 4.2 GW

Market per region and application



Puerto Rico Regulation for Mini-grids

After hurricane Maria in 2017, Puerto Rico looked to implement more resilient energy 
systems in their communities. 

The 2018 regulation defines ‘renewable microgrids’ as those that can generate 75 % 
of their energy from renewables. It identifies the applicable codes and standards.

Source: NFPA, 2018; CEPR, 2018, WRI 2017, Magnaray International, African enterprise investor

Power Utility Automation

Guidelines for microgrid projects planning and 
specification

Mini grids with assured quality = resilient energy 

systems for small islands



Innovation – mini grid of the future

Source: IRENA (2020), Quality 
Infrastructure for Smart Mini-Grids

Major role of digital 

technologies:

• Interoperability 

standards

• Communication 

protocols

• Low-voltage 

direct-current 

standards



Innovation and assured quality – making mini grids 

more competitive

Renewable mini-grids 

already competitive in 

islands

Source: IRENA (2020), Quality 

Infrastructure for Smart Mini-Grids

FF generation cost in remote areas
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Quality infrastructure – crucial for robust mini-grids 

markets

Source: IRENA (2020), Quality Infrastructure for Smart Mini-Grids

Illustration of international and national QI elements and their relationship 



QI for mini-grids requires a component and a 

“system level” approach

Source: IRENA (2020), Quality Infrastructure for Smart Mini-Grids



Need to anticipate QI needs for the mini-grids of 

the future

Source: IRENA (2020), Quality 
Infrastructure for Smart Mini-Grids



QI to be incorporated into 

policy and regulatory 

instruments

Source: IRENA (2020), Quality Infrastructure for Smart Mini-Grids
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