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Overview IRENA

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

A@ IRENA

International Renewable Energy Agency

Supported by
technical
planning studies

Institutional

Policy
targets
Implement
Roadmaps
Financial
Strategic planning A Feasibility » Deployment
0% : : 100 %
Reviews and adjustments
VRE VRE
Investigations Maintaining
and planning shares

Low

_ Medium High



Specificities of Small Island Developing States (SIDS) @ IRENA

International Renewable Energy Agency

Fossil fuel dependency

* Price volatility

Policy

* RE Targets not supported by clear policy/roadmap and financing plans
® Bankable RE projects

Technical capacity

e Lack of technical capacity

e External support required to integrate higher shares of VRE
e Limited primary resource

* Small size of the system

e Higher costs for energy

e Compliance with environmental constraints

e Uncertainty in demand growth

Impact of climate change

e Extreme weather conditions
e Fragile natural environments
* Need for resilient systems

Characterized by Isolated networks ranging from hundreds of kW to few hundreds of MW. 1



Challenges of VRE Integration and why we need grid assessment

A@ IRENA

nternational Renewable Energy Agency

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
e Accurate and detail information
* Engagement with stakeholders

Software
* DigSILENT PowerFactory
 PSSE
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Planning Reliable and Efficient Power Systems
With High Shares of VRE In SIDS

IRENA
International Renewable Energy Agency

Reliability

Compliance with physical limits

Ensuring sufficient firm capacity

Addressing flexibility needs

Ensuring system stability

Ensuring effective functioning of protection systems

Maintaining power quality

12



Grid studies to date @ IRENA
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* Antigua and Barbuda
* Island of Antigua (2015)

* Cook Islands
* [sland of Aitutaki (2015)

* Samoa (independent state)
* Island of Upolu (2014, 2016)

* Palau
* Island of Palau (2013)

Dominican Republic
© (2019)
N

o P

* Vanuatu
* Island of Espiritu Santo (2018)
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* Fiji
e Island of Viti Levu (2019)

* Dominican Republic Vanuatu o  (2014,2016)

(2018) ®
Fiji
(2019) ® Cook Islands

: J}; (2015)

r@ambique

* National power grid (2019)

* Mozambique

* Two asynchronous systems (ongoing)

* Tonga

* Nineislands (ongoi ng) 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.

° Samoa (Independent state)



C® IRENA

Transforming Small-Island Power Systems-The publication

3B [RENA

B aiend o oy Agwy

TRANSFORMING
SMALL-ISLAND
POWER SYSTEMS

TECHNICAL PLANNING STUDIES FOR
THE INTEGRATION OF VARIABLE RENEWABLES

Expected challenges associated with VRE in SIDs

VRE integration planning for the technical challenges

Technical studies needed to analyse and quantify challenges

Solutions required to overcome VRE integration challenges

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

Supporting the enhancement and implementation of climate

: IRENA
a ct I o n p I a n S International Renewable Energy Agency
Innovation and Technology NDC IRENA provides high level technical assistance at country level

Support for the LAC region: to support the design, update and implementation of

member countries climate action plans in the context of the

* Antigua and Barbuda, .
Paris Agreement:

 Dominican Republic,

* El Salvador, Development and dissemination of climate-related

* Cuba, knowledge, data, tools, products and solutions gateways on

* Saint Kitts and Neuvis, renewable energy

* Belize,

_ * Ensure that sectoral and horizontal strategies are
* Nicaragua,

supported towards the enhancement, revision and/or
* Ecuador,

implementation of climate action plans including NDCs,
* Uruguay.

International cooperation partners LTS and NAPs.
] NDC)

[ﬂﬂ NS4l pARTNERSHIP




Supportmg the enhancement and implementation of climate &@® IRENA
ction plans

Opportunities for collaboration for climate action

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.



Mini-grids in islands — sound quality control for resilient energy

systems

A@ IRENA

International Renewable Energy Agency

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

Figure 7 Goals and results of QI for mini-grids

Complex systems with
different suppliers
Custom designs with
different solutions for
various applications
Regulatory/policy
uncertainty

High technology costs

* |Improved financing
conditions

* Reduced LCOE

* Enhanced trade and
scalability of mini-grid
markets

Quality
infrastructure role

Benefits for

mini-grids

* Reduce project uncertainty/
risk: quality assurance

mini-grids i + Reduce downtime

« Technical and regulatory
clarity

* Objective performance
metrics for all stakeholders

Challenges of island



http://www.irena.org/publications
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Thank You

Roland Roesch

Deputy Director

IRENA Innovation and Technology Centre
Bonn, Germany
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Scene setting S8 IRENA

Carlo Starace
Associate Programme Officer
Energy Access, IRENA
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S:DS SIDS and Partners IREN A

LIGHTHOUSES International Renewable Energy Agency”™
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" Caribbean

1. Antigua & Barbuda 1, ‘Gook slangs : :
2. Federated States of Micronesia

2. Aruba 3 Fii

3. Bahamas 4' KI'JI'b b

4. Barbados Atlantic, Indian Ocean S

- ’ ) 5. Republic of the Marshall

o. Belize and South China Sea lelafide

6. British Virgin Islands 6. Nauru

i U 1. Cabo Verde 7- New Caledonia

8. DominicanRepublic 2. Comoros 8- Nie

9. Grenada 3. Maldives 9 Palau

18 elyand 9 $laudits 10. Papua New Guinea

11. Moiitesriat 5. Sao Tome and Principe 11 Samoa

HIEs EERa R 6. Seychelles 12. SolomonIslands

13. St. Vincentand the Grenadines 13‘ T

14. Trinidad and Tobago 1 T°"9f‘

15. Turks and Caicos e Ll

15. Vanuatu
@
® @ e

Non-SIDS countries and Partner Organisations ® - -
1. Denmark 11. Association of the Overseas 18. Indian Ocean Commission - ® -
2 FErance Countries and Territories of the 19. International Renewable Energy Agency e o
3. Japan European Union 20. Organisation of Eastern Caribbean States - .’

: i g >3
4. ltaly 12. Caribbean Electric Utility Services 21 Pacific Community
5. Germany Corporation 22. Pacific|slands Developmengesy 28. United Nations Development Programme
6. ltaly 13. Clean Energy Solutions Center gi ';a°‘;i°;°wet“_°‘sf°i.iftti°" B 29. United Nations Office of the High
7. New Zealand 14. Clinton Climate Initiative 5, Sglt; ryHe(a):nofagtar:: Iievaarihen Lhakngom Representative for the Least Developed
8. N 15. ENEL : : : :
9. uzmﬁrab Emirates 16. European Union 26. Sustainable Energy for Al g:: rg:gss rLandiociiad Devonng, <auniies
10. United States of America  17. Greening the Islands 29 SUHRIERoUNGSacn 30. World Bank



=
B

S:DS Priority Areas

“GHTHOUSES International Renewable Energy Agency
1. Support SIDS in reviewing and implementing NDCs, 7. Expand focus beyond power generation to include transportation
with technical assistance and capacity building and other end-use sectors
2. Expand from assessment  and planning to 8. Leverage synergies between renewables and energy
efficiency

implementing effective, innovative solutions.
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.

Promote all renewable sources, including geothermal and ocean
energy, and step up work on wind and PV

4. Support the development of bankable projects, access to

finance and co-operation with the private sector _ _ N
10. Link renewable energy uptake to climate resilience and more

Strengthen institutional and human capacity in all segments of the effective disaster recovery.

renewable energy value chain
. Enhance collection and dissemination of statistics, supporting

informed decision-making

6. 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

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




S:DS Installed RE Capacity in SIDS

llGHTHOUSEs Infernational Renewable Energy Agency

Installed Renewable Energy Capacity by Technology Annual Renewable Energy Additions Renewable Energy Additions 2014 - 2019
2014-2019
300
3,000
200
= 2,000 g
=]
100
0 0
2013 2014 2015 2016 2017 2018 2019 2014 2015 2016 2017 2018 2019
M Bioenergy B Geothermal W solar B wind B Hydropower

Note: This dashboard illustrat  rogress made by SIDS partners of the Lighthouses Initiative based on latest renewable energy statistics.
Source: IRENA Statistics www.irena.org/statistics

§24



ADS Installed RE Capacity in Caribbean SIDS

UGHTHOUSES Infernational Renewable Energy Agency

LHI Partners

Installed Renewable Energy Capacity by
Technology, (2014-2019)

2,361
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1,706

2016 2017 2018 2019
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LIGHTHOUSES Infernational Renewable Energy Agency’ ™
Capacity Building on Design of Capacity building for preparing COP25- Synergies in RE
Bankable Power Purchase bankable concept notes for the Adaptation and Mitigation COP25 - Facilitating Planning and
Agreementsin the Pacific SIDS Green Climate Fund Measures in SIDS Financing of RE Projects in SIDS
November 2019 November 2019 December 2019 December 2019

AOSIS-IRENA SIDS Ministerial NDC Support — Papua New
SIDS Ministerial — IRENA 10th Accelerating Energy Transition in Guinea Energy Sub-
Assembly SIDS to Stimulate Post-Pandemic Technical Working
January 2020 Recovery Committee Meeting
June 2020 September 2020

IRENA-Denmark Webinar
Energy Transformation in SIDS
towards Sustainable and Climate
Resilient Post-Pandemic Recovery

September 2020

SIDS LHI Technical Webinar
Series — Transforming SIDS
Power System through VRE in
the Pacific

October 2020 =
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S:DS Support for §IDS NDC en.hancement ® IREN ANA
LIGHTHOUSES R m s infemational Renewable Energy Agency

—Renewable Readiness
Assessment .

» Antigua and Ba.r_buda
- 259 L3~ _*~_Barbados %

Renewables/E- Moblllty 5 5
Roadmap > . Ciely
Antlgua and Barbuda N, SRS

Monitoring, Repor‘tlng and LN (e . Aﬁtigua'and_Barbuda
Verlflcatlon "~ P SN . Barbados -

- Guyana ! | +  Dominica™~ .

« Saint Kitts and News ~ ) /

. Saint Vincent and the' Grenadlnes S INIC .

- Dominica \JL T Capacity building

* Grenada N »  Dominican Republic

« Dominican Republic || .- =

* Belize W <




SADS Energy Transformation Tools and

LIGHTHOUSES - International Renewable Energy Agenc
Services v

Quickscans

NDC Enhancement and ||Grid Integration Analysis

Implementation
Support

Renewable Energy/E-Mobility
Renewable Readiness Roadmaps

Assessment

®
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iDS Knowledge Hub and Dissemination

LIGHTHOUSES
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LIGHTHOUSES
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3 Sp® & Y International Renewable
SIDS Lighthouses Initiative DB o ey INEEA)
International Renewable Energy Agency (IRENA)

Abu Dhabi, United Arab Emirates - 78 connections - Contact info
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Infernational Renewable Energy Agency
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s i Ds HOME ABOUT PARTNERS RE PROGRESS ~ SUPPORT ~

LIGHTHOUSES
REGIONAL PROFILES

PUBLICATIONS

ENERGY PROFILE s 0
Atlantic, Indian Ocean and South China Sea Select Region |Atnc. Indan Ocean and South China Sea v
TOTAL PRIMARY ENERGY SUPPLY
Total Primary Energy Supply in 2017 Renewable Energy Supply in 2017

B Coal + others M Nuclear B Renewables M Bioenergy
Gas M Oil B Geothermal

Marshall Islands

SIDS Lighthouses E|eth'iClty
Initiative
Progress -R_.o_a-dn‘]ap
and way forward

”_..)l" -~

—

16,249 TJ

Il Hydropower M Wind
Solar

Kiribati
Integrated
Energy
Roodmap:  2017-2025

i
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S:DS Climate Investment Platform |
L'GHTHOUSES I n V eSt m e n t FO r u m S Infernational Renewable Energy Agency
Investment Forum [in Cluster X]

Knowledge

Dissemination and

Enabling Frameworks Capacity Building

Strengthening competencies of
regional and local stakeholders
on a wide range of policy,
regulatory, technical topics --
tailored to specific needs

Highlighting needs to improve

investment conditions
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S:DS  More Support Needed for Energy

LIGHTHOUSES

. Infernational Renewable Energy Agency
Transformation
Provide assistance to overcome obstacles in legal and Increase efforts in multilateralism, partnerships, and
regulatory barriers international solidarity
Increase efforts towards greening of the transport Facilitate large-scale investments and funding in the
sector renewable energy sector, on all fronts

Support financing options that are tailored for SIDS,
such as blended finance and de-risked investments

Support the review and development of emergency
response and recovery protocols for key playersin
the energy sector

Revise ODA eligibility rules to better support SIDS
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Website: http://islands.irena.org/

Email: Islands@irena.org
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Antigua and Barbuda perspective G@ IRENA

n

Andre Matthias
Electricity Business Unit Manager

Antigua Public Utilities Authority (APUA)
Antigua and Barbuda




Technical Issues and solution
RE Integration into the Antigua
and Barbuda Power Grid




Generation Capacity

* Installed Capacity in Antigua

* APUA - 27MW (2x6MW in 1996 and 2x7.5MW in
2003) of Diesel/HFO Engines

# IPP — 50 MW (1x17MW in 2007 and 3x11MW in 2010) of
Diesel/HFO Engines

+ Solar - 8. 7MW (3MW, 4MW, 1.7MW) Ground
mounted. 3.5MW roof top

* Wind - 4MW



E&Generation Demand Needs

+ Peak Demand of 57MW and minimum demand in the
Day 45MW

* N-2 Planning margin requires Firm Generation of Peak
demand plus the two largest Gen-sets (85MW)
+ Present shortage of generation is 8MW (85 - 77)

* 40MW LNG Power Plant to be added in mid 2022 to
meet Planning Margin



+ Without storage, VRE does not provide consistent
demand needs.

* VRE provides only Energy needs without Storage

+ APUA presently does not have a generation energy
problem but a generation demand problem

# Firm, dispatchable generation is needed to address
the current demand problem



Generation Capacity in Barbuda

* Present peak load in Barbuda of 350KW
+ Generation Capacity of 2000KW (All diesel)

* New Power Plant to be constructed in 2021 with
2x400KW Diesel Generators, 720KW solar and
863KWH battery

* There would be a total Green Energy solution during
the day in Barbuda as of 2022



T&D Network

= Antigua

+ 60KM of 69KV transmissionring

# Seven 69/11KV Substations

* 25 11KV Distribution Feeders, extending for 350KM
+ T&D Network 97% overhead

+ Barbuda

# Two 11KV Distribution Feeders

= Qne Substation

= 20KM of 11KV Distribution lines



+ Criteria for stability evaluation
+ Frequency excursions shall not lead to system
collapse (blackout)

* 10-minute fluctuations in the VRE generation shall not
lead to the activation of the first stage of the UFLS

scheme (at 59 Hz).



Results of the Study

- Increased risk of voltage and frequency collapse after a
contingency
- All VRE generation shall have voltage control capabilities
(minimum required is a power factor range of £0.95)

All utility-scale VRE generation shall support network during
disturbances (i.e. faults) and avoid disconnection. It shall also be
able to reduce the output power in case of over-frequency
Distributed PV generation shall be installed proportional to the
feeder consumption (relative to the total demand).

Protection settings of VRE generation shall be consistent with
existing diesel protection characteristics



Results of the Study

* Increased risk of load disconnection in case of a
sudden loss of generation due to reduced system
inertia and not sufficient provision of spinning
reserves

+ It is recommended to update the current procedure
to allocate spinning reserves, so that the loss of the
largest unit being dispatched is also considered for
the definition of the spinning reserves.



Results of the Study

# Integration of VRE generation will tend to impact diesel
operation, with lower average loading and higher loading
cycles (high operational and maintenance costs)

* APUA should investigate if there is any potential conflict
regarding existing agreements between APUA and the
IPPs concerning the minimum amount of energy that the
diesel plants shall provide.

+ APUA should discuss with the diesel manufacturers the
potential implications and/or limitations. These couldbe
considered in future studies as additional technical
performance criteria.



Results of the Study

+ |nsufficient measurements from solar resources and
from the operation of Antigua's power system

+ Additional measurement and recordings shall be
provided in order to increase the reliability on the
network model



Results of the Study

¢ Increased complexity for the definition and
implementation of the unit commitment and generation
dispatch

* It is recommended to implement an automatic and
centralized system to perform the unit commitment and
generation dispatch attending to all the constraints related
to, for example, minimum and maximum operational levels
of the diesel units, current PV and Wind generation,
minimum spinning reserve requirement



Interconnection Policy only allows 15% RE penetration on each Feeder

Had discussions with IPP on Dispatching schedule, minimum Unit load and
frequency control

- All RE systems in excess of 10KW must have voltage and frequency ride-
through

-« Will install LNG Power Plant with fast reaction to frequency variation

: LNG Plant will not have a minimum guaranteed energy to be purchased by
APUA

Installation of 1MMWHs of batteries in Antigua

- Will install hybrid system in Barbuda in 2021 with the recommendations
made by IRENA

- Will provide additional information to upgrade the 2015 study done by
IRENA



e

#

b

B

Load flow studies and Short circuit studie
by APUA with RE

Protection coordination study completed without RE. Study
to be redone with RE

Transient stability analysis
Frequency stability analysis
Grid Code



# Solar Panels are susceptible to the elements of the weather
and would have to be properly secured

* Roofs being damaged during an adverse weather condition

* Challenges of insurance coverage for large- scale Solar
Plants
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Key takeaways

“Transforming Small islands:
Technical planning studies for the
integration of variable renewables”




Transforming Small islands: Technical planning studies for the _
. . . ” IRENA
integration of variable renewables

Gayathri Nair
Associate Programme Officer
Renewable Energy Grid Integration, IRENA




WEBINARS

Key takeaways from the Publication “Transforming Small islands—
Technical planning studies for the integration of variable renewables”

Presenter: Gayathri Nair
Associate Programme Officer
Renewable Energy Grid Integration
IRENA

Thursday, 10 December 2020 ¢ 4:00-6:00 pm CET




Characteristics of VRE and its impact @@ IRENA

F
System properties Ensurl.ng sufficient firm
capacity
Addressing flexibility
needs

YRE properties

Non-synchronous

Location-constrained
and distributed

Ensuring system
stability
—=
Compliance with
Uncertainty Flexibility physical limits

Ensuring effective
functioning of
protection systems

Flexibility
Variability

Firm capacity

Juiry

Maintaining power
quality

—

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



International Renewable Energy Agency

Essential steps in planning to overcome challenges in SIDS C@ IRENA

Characteristics of SIDS power systems for variable renewable energy integration planning

Flexibility of the existing and future power generation
fleets

Structure and strength of transmission and distribution

Demand and load profile
networks

A 4

VRE implementation strategy and generation expansion plans

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

Operational and planning practices of utilities in SIDS

|4l

Absence of dedicated long- Absence of sufficient operating Inadequate set-up of load Fully automated operation of Absence of up-to-date grid-
/mid-term expansion planning reserves shedding schemes diesel power stations codes with clear definitions

The influence of governance on technical operations

|4l

Vertical integration Vertical integration with IPP’s SCMGEIEE 31‘6?;5?:\;“ Do Power market




Different studies needed to support VRE integration

A@ IRENA

International Renewable Energy Agency

* Generation adequacy
* Generation scheduling and reserve
sizing
* Network studies
e Static network analyses
* Load flow
e Short circuit
* Security analysis
* Dynamic network analyses
e Stability assessments
e Contingency analysis
e Special network studies.
e Grid connection
* Defense plans

Generation adequacy

Generation scheduling
and reserve sizing

Load flow
and V/Q optimization

Short-circuit
currents

N-1 analysis

* Order may vary depending on the characteristics of the SIDS system

Fig. Limitations for VRE integration resulting from different technical studies



Technical network studies for VRE Integration G® IRENA

International Renewable Energy Agency

— Load flow
J  Static “Et‘."’ork e Static security
analysis

== Short-circuit studies

i ing: : System stabilit r
y — Frequency
o Voltage
Defence plans
Grid connection
studies

B Special network
analysis



Static network studies G® IRENA

Load flow and static security assessment

Expansion
Planning

Operational { e Generation rescheduling is needed (including VRE

e Determine the required network reinforcements

Planning curtailment).

Short-circuit currents

e protection co-ordination and selectivity.

Expansion . . . L .
Planning { Determine possible upgrades of existing equipment
, * network switching (change in the network
Operational topology)
Planning ’




System stability @@ IRENA

International Renewable Energy Agency

Transient stability
Expansion Planning < e Assess the adequacy of the planned network structure and protection schemes

Generation re-dispatch (including VRE curtailment)
Modification to the voltage set-points of the generating units

Operational Planning

Frequency stability

Implementation of synthetic inertia function to the VRE power plants,
Automatic generation control scheme,

e Improvement of UFLS settings

e Deployment of energy storage

Operational Plannin Generation rescheduling is needed (including VRE curtailment).
P g Improvement of UFLS settings can be envisaged.

Expansion Planning

Voltage stability

e New investments in reactive power compensation

* Review of the voltage/reactive power compensation scheme




Example workflow-Transient stability studies

A@ IRENA

International Renewable Energy Agency

Power system dynamic models of
= mﬁh%mmnes
List of incldents - excita am + AVR

- turbines and speed governors

= - dynamic model of VRE

- ioad .

- speclal equipmen

- system probections

Converged AC
load fiow solution

Input data

!

(treated within guide)

(not within guide)

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 C@ IRENA

n

Diversification of VRE installations

Flexible generating units

Energy storage systems

S Grid Reinforcements
= Distribution automation and smart
& grid technologies

Interconnection with neighboring
countries
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Solutions for better integration of VRE-Operational Measures C@IRENA

Demand response programs

ol

Jill £\~  Enhanced generation dispatch and
Sy control

YV A

" AR Enhanced defense plans

A\ ﬂ A=

Y —-

~ —o—\ Automatic power controller and network
monitoring

Short term VRE forecast
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Partner organsiation’s perspective
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DOE’s Energy Transitions Initiative —

ETI Mission

Advancing self-reliant island and remote
communities through resilient energy
systems.

Outcomes of interest:

* Local resource reliance

* Institutional, social, and economic
resilience

* Enhanced institutional capacity

* Lower costs / cost predictability

* Replicable approach




- Example: USVI Net Energy Billing Program __

« A multi-stakeholder effort to provide access to the energy-saving
benefits of Distributed Energy Resources to grid-connected customers

while ensuring VIWAPA maintains cost recovery for its fixed assets
across the grid.

« Program components: Hosting capacity analysis, updated
interconnection standards (aligned with IEEE 1547.9), streamlined
interconnection/permitting procedures with online permitting portal




Power system model validation and
data collection

Develop an accurate baseline model
of the existing system on 5t. Croix

Update the power system models to
include near term planned PV
plants, battery storage, and other
relevant system changes to the
central plant and T&D system and
convert to PSCAD

Development of modeling scenarios

Modeling to identify potential grid
integration issues and mitigation
strategies

USVI System Study




Discussion and Dialogue Papers - High
Penetration Renewables on Island and Remote
Grids and Energy Burden

The overall goal of this project is to demonstrate the technical and economic feasibility (or infeasibility) of
high penetrations of distributed generation in island systems. This will help enable the development of
cohesive, novel, and stakeholder driven solutions to the challenges and opportunities of large amounts of
distributed generation.

This work will focus on island and remote systems, which are typically small and so high distributed
generation penetrations are quickly achieved, but the results of the work will be additionally applicable to
larger grid systems which are also (but more slowly) experiencing increased penetrations of distributed
generation.

The project will take a two-pronged approach: 1) development of a discussion briefing paper and
presentation and 2) facilitated in-region dialogues.




FRONTIER - Framework for Overcoming Natural Threats to
Islanded Energy Resilience

The tool will allow decision-makers, including local planners, asset owners and operators, and emergency
management officials, to evaluate the cost-effectiveness of various electricity sector resilience pathways
for utilities that are either physically or functionally isolated from neighboring communities and systems.
FRONTIER is designed to be applicable across the unique range of conditions found in U.S. states,
territories, and international island partners.

Project Leads: Argonne National Laboratory and Lawrence Berkeley National Laboratory



Energy Resilient Critical Infrastructure Planning
Support

The objective of this projectis to provide
training for island utilities, regulators, investors,
and key end users on tools and techniques for
identifying, evaluating, and strengthening
energy resilience for identified infrastructure.

This project builds on lessons learned from
ETI's microgrid training programas well as
lessons learned from the technical support
provided to the USVI and Puerto Rico post
hurricanes Irma and Maria.

Project Lead: Sandia National Laboratories

Geotdly Peadovce Dayk! B Sonce Pat e Joncepe




Energy Transitions Initiative Partnership Project

|
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About ETIPP
ETIPP's network of experienced organizations ISLAND
works alongside remote and islanded communities INSTITUTE

to transform their energy systems and reduce risk.

Who We Are

ETIPP leverages the experience and expertise of a !.

broad coalition of federal offices, national = HHH”E II E Inatiiu
laboratories, and community-based organizations. I U:H':;Wu,t,:ﬁ, a,:i?i Ll

What We Do ﬁ
ETIPP provides resources and technical support ' @ ACEP

for remote and islanded communities seeking to
address community energy challenges and build
capacity.

https:ihwww.energy.qovieere/about-snergy- O R E A p

transitions-initiative-partnership-project

Renewabl

alaska Frogct

— EHERGY TRAMSITIONS PITIATIVE
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Key insights from grid assessment studies
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Grid assessment for Antigua




Grid Integration Assessment for Antigua

A@ IRENA

nternational Renewable Energy Agency

Objective

e Determine the contribution
of VRE generation to meet
annual demand

eLevel of reduction of diesel
generation

Methodology

e Solar and wind variability
included

e 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

Technical
studies

e 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

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



Grid Integration Assessment for Antigua- Methodology of study -
Findings and Recommendations 22T

Request from Antigua

v

IRENA

Data on grid elements:
generation, lines,
protection settings, etc.

}

Selection of operation
scenarios

Solar and wind variability
analysis

Definition of performance

. E .
Hourly demand profile Xpansion plan criteria




Grid Integration Assessment for Antigua- Methodology of study

Findings and Recommendations, cont..
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Different Levels of

Installed PY Generatiomn

Contingencies

¢ VRE generation to have voltage control capabilities with power
factor range of £0.95

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

e Update and re-define spinning reserves

Voltage stability

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

Unit commitment and dispatch

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

Impact on diesel generation

eAssess performance of diesel generators

eCurtailment
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Grid Integration Assessment for Dominican Republic
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Objective

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

¢ Techno economic study
¢ Production cost analysis

Methodology

¢ \/RE site selection

¢ Development of solar and
wind generation profiles and
forecasts

e Collection of historical data
e Development of scenarios

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

e N2 of units connected, VRE
generation, Spinning reserve,
Inertia, Power output of
largest unit

e Definition of transmission
capacity between nodes

¢ Modelling the power system

and perform the
technoeconomic studies

Technical
studies

e PLEXOS analysis

* Economic dispatch

¢ Co2 emissions calculation
¢ Production cost

¢ Frequency Stability

¢ Voltage stability

¢ Transient stability

¢ N-1 contingency analysis

QOutcomes

* 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



Grid Integration Assessment for Dominican Republic - Flowchart
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Electrical network (69 — 345 kV)

Generation technologies

Data on grid elements (lines, transformers, enablers, etc.)
and respective topologies for the years 2020, 2025 and

2030, obtained from ETED.

Data on the generation
units, obtained from
CNE and ETED

Wind and solar data:
generation profile and
synthetic forecasts for
2017-2030 generated.

Demand for 2020, 2025
and 2030, obtained from

CNE and ETED

U

Modelling of DR power system in
PowerFactory
Estimation of radial transmission capacity

s

DigSilLENT enablers
for VRE

Definition of transmission
capacity between the sub-

areas (nodes)

Scenarios: definition of
generation capacity mixin
2020, 2025 and 2030

~

Modelling of DR power systemin PLEXOS

V4

Hourly dispatch

AV

Modelling of DR power systemin DigSILENT PowerFactory

U

1l

1l

1l Y

Steady state analysis

Frequency stability
analysis

Transient stability
analysis

Contingency analysis Flexibility analysis

Production cost
analysis & CO2
emissions




Grid Integration Assessment for Dominican Republic -
Findings and Recommendations
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Frequency support

® Combined cycle 29% e Installation of batteries for primary frequency support
® Wind power 59 e Must run units for frequency support- with fast response
e Frequency support from VRE generation by maintaining power reserve
@® Hydropower 15% e Change in droop values of synchronous generation units
® ICE 329% e Modify Reactive power capabilities from VRE generation at connection
oint
@® Gas turbine 7% _ P
o Seomtbne %
e Installation of batteries
@ Solar Generation 2% e Ensure VRE generation are connected at points with transfer capacity

available
e Reinforcing the grid by building new lines

OPTIMAL 2030 GENERATION MIX (%)

Voltage control

e Installation of shunt devices

Solar 24% e Operational strategy for shunt capacitor banks/STATCOMS
e Analyse and revise voltage limits

@® Coal 17%

® Wind 39% _ _
e Ensure Fault ride through (FRT) from VRE generation

® Landfill 9%
Operational procedures

e Re-configuration of grid
e Generation re-dispatch
® Fuel 0% e Use of advanced forecasting tools

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

® Hydropower 1%

Gas 0%
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Launch and key insights “Quality Infrastructure for Smart-Grids” C@ IRENA
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%O Francisco Boshell

“Transforming Small Island Developing States Power Systems
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10 December 2020




Renewable mini-grids market status

C® IRENA

International Renewable Energy Agency

Total installed capacity RE mini-grids > 4.2 GW

50 MW

“M
°
340 MW
® Wind
°

2800 MW

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

Hydropower

Solar PV

Bioenergy

® Geothermal

Market per region and application

Indicator Key facts

: Regional share of mini-grid
; capacity

: North America: 40%

: Latin America: 4%

i Asia-Pacific: 42%

; Europe: 10%

: Middle East & Africa: 4%

: Mini-grid market share by
: segment

i Remote, enabling energy access: 45%
i Commercial & industrial: 16%

: Utility distribution: 15%

i Community: 10%

: Institutions: 9%

: Military: 5%




Mini grids with assured quality = resilient energy
systems for small islands

A@ IRENA
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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.

Below, the Commission establishes the list of Codes and Standards with which all
microgrids must comply. It remains the responsibility of each microgrid owner and operator

to ensure that its microgrid system is in compliance with any and all Codes and Standards
that may be applicable to it.

i

2

Latest National Electrical Code;
Latest National Electrical Safety Code;
IEEE Standard 1547-2014;

IEEE P2030.2, P2030.7;

IEC 61850-7-420; Power Utility Automation

IEC/TS 62898-1 and 62898-2; Guidelines for microgrid projects planning and
specification



Innovation — mini grid of the future ®@ IRENA
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ﬁ/\ojor role of digital \

technologies:
* Interoperability
standards érid-conection
« Communication
protocols
 Low-voltage
direct-current

\ standards /

(]

Consumption

) ) Batteries
Electric vehicles
(VG1 and VG2
charging)

Internet of things

~
i /— Control,
manage,
i-‘-- == measure
[ ] | R Renewcible =
| | | == L\ generation
== forecast Smart meters

Electrolyser

Source: IRENA (2020), Quality Generation >

Infrastructure for Smart Mini-Grids



Innovation and assured quality — making mini grids
more competitive
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Renewable mini-grids LCOE USD/ kWh

FF generation cost in remote areas “

@® Autonomous renewable mini-grids for full services

- e

® Autonomous renewable mini-grids for basic services

(

Renewable mini-grids
already competitive in
islands

\

~N




Quality infrastructure - crucial for robust mini-grids .
markets DB IRENA

lllustration of international and national Ql elements and their relationship

National Quality Infrastructure @
Ministry of Energy/
|_ regulatory agency @-< T
_ Accreditation F g
0\@, Construction of | Y “E :

RE Power Sations

Certification U
Production of

% components { « Products

* Processes
+ Persons

Installation
Y Standardisation kK 4

RE Generation

dC ti
and Consumption < Testing <
Generation laboratories r b

Value Chain
Technical Regulations/ Market Surveillance

— Storage and —r0
distribution ‘—"_.-:;
WOoRLID TRADE
c i MAGANIZATION
Consumption
A

'%) e | , Q1ML

Calibration laboratories

| Consumption
1

Source: IRENA (2020
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QI for mini-grids requires a component and a

“system level” approach

A@ IRENA
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System-level
testing methods

‘Factory’ acceptance tests
(FAT): testing of system
functionalities

Site Acceptance tests (SAT):
on-site test

Installation

Maintenance

Few and costly testing
facilities

Recommendations
Varying designs

and deployment

circumstances require

custom testing

No accredited licensing
for the inclusion of
Recommendations

storage and CMM in
renewable installations

(mini-grids)

Standardised testing
procedures with a
focus on repeatability
(i.e. Hardware-in-the-
loop testing)

Extend existing
trainings to include
these elements

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



Need to anticipate QI needs for the mini-grids of e RENA
the future

IEEE 1547 Standard for
Incompatibility of Standardised communication protocols Interconnecting Distributed
communication protocols facilitating mini-grid extensions EESOUVCQS with Electric Power
ystems

Interoperability standards (IEEE
P2030.7 and IEEE P2030.8)
A lack of national standards,

P T h L Gru;i extension _CJI has to assure a‘return . _Dn‘ferent Iaggrs of -
., : on investment in the case of a grid extension. interoperability by the GridWise
the possible integration of . - -
Several schemes are possible Architecture Council

mini-grids in a larger grid
EN 50549 standards series
covering the requirements
for generating plants to be

Grid regulations not adapted to cpnn_ectgd in parallel with
mini-grid service levels distribution networks

Grid regulations and standardisation adapted ~ Pre-standardisation activities

to operational demand of the end users. regarding interconnection
requirements of DER by

European Distributed Energy
Resources Laboratories
(DERlab)

Gaps

Discrepancies in regulatory
responsibilities between grid
operators and mini-grid suppliers

Meteorological models and
simulations using satellite data
and sky cameras

Short-term forecasting requires Adapt to more irregular and dynamic load and
further QI development production curves of renewable mini-grids

Roll-out of smart meter
devices and introduction of
new functionalities

A continuous quality assurance effort is ETSI| Smart Meters Coordination
required Group (SM-CG)

Development of open, comprehensive and
Ql for internet of things and preferably international standards will be
cybersecurity required in the future, together with ongoing
vigilance to ensure cybersecurity

EcoStruxure Microgrid Advisor
cloud-based system by
Schneider Electric

current mini-grids @® mini-grids of the future




Compliance
l

Conformity
I

Laws and Regulations

United States: mini-grid in
Mational Electric Code and

smart inverter standard

in Rule 21

Puerto Rico (US):

fossil fuel mini-grid
legally excluded

Mandates and Directives Standards

Europe: smart grid

standardisation effort

United Republic of Tanzania:
mini-grid licensing

United Republic of Tanzania:
International standards
adopted by Mational Bodies

China: National Standards
development (GE/T,

recommended)

Australia: Roadmap for
standards & distributed
electricity

Afghanistan:
International standards
adopted by National Bodies

A@ IRENA

International Renewable Energy Agency

4 )

Ql to be incorporated into
policy and regulatory
instfruments

- J

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



_ S
@ |[RENA
International Renewable Energy Agency

@B IRENA

QUALITY

INFRASTRUCTURE
FOR SMART
MINI-GRIDS

Thank you

‘EXR%‘C’

M b

hﬂ Qﬁﬁ/ ﬂj/ni

Ii ~ EIE : ':

Free download:
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A contribution to the Small Island Developing
States Lighthouse Initiative 2.0

www.irena.org/publications
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Panel discussion
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Carlo Starace

Associate
Programme Officer
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IRENA

Andre Matthias
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Manager
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Director - Recovery Associate Professional Team lead
Officer & Resilience Renewable Energy Grid Renewable Energy
Renewable Energy Grid U.S. DoE Integration Technology, Standards
Integration IRENA and Markets
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Associate Programme Officer
End-use sectors & Innovation
IRENA
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Closing remarks
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