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Background

International Renewable Energy Agency

VRE deployment and planned deployment as key driver

Stronger business case for storage to replace services currently provided by thermal generators

Ancillary market design evolving to allow storage to provide more than just energy (arbitrage?)

Value of storage recognized: stacking multiple revenue streams is key for deployment of projects

System level needs, linked to project viability assessment and simulation of operations is needed

IRENA is developing a framework and a tool to answer policy makers’ gquestions on storage value



Rapid growth of variable renewables
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Load

Multiple applications and ™ IRENA

assoclated revenue streams for storage
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The Framework
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WEB-BASED ANALYTICAL TOOL



Web-based tool
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Welcome Page
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Username Welcome Page

This will start a new Analysis

<4 Start A New Analysis

Saved Analysis

No Name Action

1 Analysis 1 P r—~
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This section will display previous saved
Analysis for a particular user




Mapping of Storage Technologies
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Username Tables in this section serve as input for
Jgeneration of ranking matrix. The inputs in
A some of the tables are editable by the User
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Application1 Application2  Application3 Application 4 Application 5 Application 6 Application7  Application 8 Application 9
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Mapping of Storage Technologies
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Username

Mapping of Storage
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MODULE 1: SYSTEM LEVEL TOOL



GridMaestro System Level Tool
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 The tool determines the locations and sizes of energy storage technologies that minimize the cost
of reliably serving the system demand.

* |t takes into consideration system data such as location and capacity of generators, location and
capacity of transmission lines and renewables portfolio as well as uncertain factors such as load
growth, projection of fuel prices and availability of renewable resources to identify the gaps in
energy supply and system needs.

 The tool creates a loop between storage capacity optimization and production cost modeling to find
the amount and location of storage that results in the least cost of serving the system demand.
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System Analysis
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The Interface will provide a link to Alevo System Level

Tool. The outputs of the System Level Tool will
available for COMETS.
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MODULE 2: PROJECT LEVEL TOOL



CES - COMETS

« COMETS is a project level tool that analyzes multiple stacks of revenue / value streams for an
energy storage project and provides the cost-benefit analysis.

» COMETS will receive inputs from GridMaestro System Level Tool and additional user inputs to
create Use Cases and optimal dispatch for energy storage

International Renewable Energy Agency
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Market Participation

Storage MW/MWh, cost, SOC Cycles, DOD
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Project Analysis (Inputs)
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Username

The project level analysis is based
on CES modeling suite COMETS

Mapping of Storage Wholesale Prices
Technologies

System Analysis

Project Analysis

Ancillary Prices
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Get Data from SLT  Inputs Specific Data
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9 27 27

10 28 28

Renewables Project Policy




Project Analysis (Outputs)
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MODULE 3: SERVICES EMULATOR



GridMaestro Stacked Services Emulator
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« The GridMaestro Stacked Services Emulator integrates the results from the System Level Tool and

COoMETS to simulate the minute-to-minute performance of the stacked services provided by the energy
storage.

« This simulation allows for the design and optimization of energy storage project sites, as well as
renewables sites, by showing the interaction of the energy storage with various grid assets.

Storage Opportunity Analysis

/Emulator Outputs: \

Benefits

GridMaestro

Applications Stacked Services Minute-by-Minute Energy
Emulator Storage Service Simulation

Solution Comparison




GridMaestro Stacked Services Emulator
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Unallocated Energy (MWh)
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Alternative Technology Solutions
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Username

Mapping of Storage
Technologies

System Analysis

Project Analysis

Emulator

Aternative technology
Solutions

Capital Cost

Operational Cost

Fitness of Technology

for the Primary
Service

Example of Other
Services

Energy Storage

Capex, S/cycle, LOCS

S/MWh, annual
maintenance

Response time,
duration, four
guadrant control

Resiliency, security,
reliability

Interconnectors

capex, S/mile

Losses, annual
maintenance

Response time,
duration, four
guadrant control

Resiliency,
security,
reliability

Smart Grid
Technologies

Capex, S/MWh,
LCOE

S/MWh, annual
maintenance

Response time,
duration, four
quadrant control

Resiliency, security,
reliability

Demand
Response

Capex, S/MWHh,
LCOE

S/MWh, annual
maintenance

Response time,
duration, four
quadrant
control

Resiliency,
security,
reliability




NEXT STEPS



Timeline
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* Presentation of the tool on 1 June at Intersolar (Munich)

* Final draft of the framework report and draft tool completed by end of July

« External review of report and tool in August (please approach me if interested to be a reviewer)

 Final report and live version of the web tool ready in September

« Application of the framework to IRENA Member countries — first one agreed to be South Africa
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(' www.youtube.com/user/irenaorg
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International Renewable Energy Agency

Emanuele Taibi
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