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Agenda

« Overview of the Clean Energy Solutions Center and 21st Century Power
Partnership

« Australia’s action plan for power sector decarbonisation (DCCEEW)

« Grid integration and transformation, energy forecasting projects (CSIRO)

« Battery storage (Energy Renaissance)

« Q&A
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The Clean Energy Solutions Center

To accelerate the transition
of clean energy markets and
technologies.

Operating Agent:
LiNREL
Transforming ENERGY

Partners:

More than 40 partners, including
UN-Energy, IRENA, IEA, IPEEC,
REEEP, REN21, SE4AIl, IADB, ADB,

AfDB, and other workstreams etc.

Many developing governments lack
capacity to design and adopt policies and
programs that support the deployment of
clean energy technologies.

= Deliver dynamic services that
enable expert assistance, learning,
and peer-to-peer sharing of
experiences. Services are offered at
no-cost to users.

= Foster dialogue on emerging policy
issues and innovation across the
globe.

= Serve as a first-stop clearinghouse
of clean energy policy resources,
including policy best practices,
data, and analysis tools.

Support governments in
developing nations of the world
in strengthening clean energy
policies and finance measures

Website:
www.cleanenergyministerial.org/initiativ
es-campaigns/clean-energy-solutions-
center

Factsheet:
www.nrel.qgov/docs/fy220sti/83658.pdf

Requests: Now accepting Ask an Expert
requests!


http://www.cleanenergyministerial.org/initiatives-campaigns/clean-energy-solutions-center
http://www.cleanenergyministerial.org/initiatives-campaigns/clean-energy-solutions-center
http://www.cleanenergyministerial.org/initiatives-campaigns/clean-energy-solutions-center
http://www.nrel.gov/docs/fy22osti/83658.pdf
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Ask an Expert Service
« Ask an Expert is designed to help policymakers in developing countries

and emerging economies identify and implement clean energy policy o
and finance solutions. st

ASSISTING COUNTRIESWITH CLEAN ENERGY POLICY

» The Ask an Expert service features a network of more than 50 experts
from over 15 countries.

* Responded to 300+ requests submitted by 90+ governments and
regional organizations from developing nations since inception

Training and Capacity Building

» Delivered over 300 webinars training more than 20,000
public & private sector stakeholders.

Expert Connections Empower
Bankable Solar Projects

Resource Library

For additional information and
questions, reach out to Jal
Desai, NREL, jal.desai@nrel.gov

» Over 1,500 curated reports, policy briefs, journal articles, etc.



mailto:jal.desai@nrel.gov
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21CPP Objectives: Power System Transformation

Accelerate the transition to clean, efficient, reliable, and cost-effective power systems.

Coordinated Power
System Planning,
Building, and Operating
Best Practices

Peer-learning, knowledge-
Sharing, and technical
assistance

Coordinating with related CEM Campaigns
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21CPP: Focus Areas

I Annual Program of Work often includes:

* “Thought Leadership” studies that focus on generic power system
transformation topics across the world

 In-country technical assistance, often as part of a larger development
assistance effort, focused on Planning, Building, and Operating best
practices for decarbonizing power systems.
— High-resolution grid integration studies often highlight this work.

» Information exchange, capacity building, fellowship programs, and other
exercises to share lessons-learned and knowledge transfer.
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21CPP: Recent Activities

LESSONS LEARNED FOR RAPID DECARBONIZATION OF

POWER SECTORS: KEY MESSAGES FOR ENERGY MINISTERS
Released a =210t cENTUR
collaborative .
report for energy o
ministers on e riin i G0 R
lessons learned et I
for rapid ' e T s
decarbonization s = ST

of power sectors.

2% NICE
5’ Fulure CLEAN ENERGY

AENT

To view the full version of this report plaase visit:
https:/fwvww.nrel govidocs/fy220sti/83951.pdf
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2022-2023:
Worked with a first cohort of countries to develop Action
Plans for power sector decarbonization based off the report.

India

European Union * -

Chile

—

Australia

United Kingdom

March 2023: Workshop on transmission planning and operations
May 2023: Workshop on resource adequacy and grid flexibility
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21CPP: Planned Activities

2023-2024:
Webinar series to discuss details of Action Plans in the first
cohort.

Work with a second cohort of countries to
develop Action Plans to be released at CEM15 in

21st Century

POWER==— § :
PARTNERSHIP Power Sector Brazil.

Decarbonization
Action Plan Series

Introduction to
the Action Plans
Tuesday, September 26, 2023

9:00 AM UTC-4 / 2:00 PM
UTC+1 / 8:00 PM UTC+7

Potential for technical workshops, thought
leadership report, etc.
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MINISTERIAL e SOLUTIONS CENTER
vancing Clean Energy Together AN IITLATIVE OF THE CLUAN ERLECT WINGS T LRI

r‘ CLEAN ENERGY
ﬂ SOLUTIONS CENTER cleanenergysolutions.org | 12

ASSISTING COUNTRIES WITH CLEAN ENERGY POLICY




N L

Do not cite.

S « *
* *
Australia
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Acknowledgement of Country

Our department recognises the First Peoples of this nation and their ongoing
connection to culture and country. We acknowledge First Nations Peoples as
the Traditional Owners, Custodians and Lore Keepers of the world's oldest
living culture and pay respects to their Elders past, present and emerging.
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AUSTRALIA’S ENERGY CONTEXT

1\.‘»...1.'
N
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Two main electricity

otec

Wholesale Electricity Market
(WEM)

| Northern
Territory

35.9%

® Teewant Crovk

ieration.

L Fort Hedland

Australia’s electricity
generation from

6 GW installed electricity generation
renewable sources,

capacity.

2022. g.vffttr%rlﬁ " 1.5 GW of solar rooftop PV.
i?lg:ralia '
' ‘ National Electricity Market
% (NEM)
generation.
80%

65 GW installed electricity generation
capacity.
of Australia’s electricity
consumption occurs on the
East and South-Eastern

coast.

15 GW of solar rooftop PV.

Source: Clean Energy Australia Report,
2023
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AEMO's PLAN FOR THE SYSTEM — INTEGRATED SYSTEM PLAN Australia

+ ‘Whole of system plan’ for supplying affordable
and reliable electricity to homes and
businesses in the eastern and southeastern
states 200

250

 Identifies where investment is needed to meet
the future needs of the National Electricity
Market, including;

150

Capacity (GW)

— future transmission projects 100
— generation, storage projects : :
Dispatchable capacity
_ demand-side developments 50 e lll’l’l’["-llll Coordinated DER Storage
Mid- itG --—---.-.-.'l
« The AEMO’s Integrated System Plan identified Black Coal I I l THHHTEE T e T T
H il H 1 ‘blﬁl‘b”\,Q}'Q‘Ql\‘%"bylﬁ‘h,’\@"}-Q"\“L'blbythb’\QJQ-Q
meaiod 1 dovclop renewabie anergy zones
. p . gy \ Source: AEMO (2022), ISP, Step Change Scenario
- CLEAN
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EXPECTED CHANGES TO 2050 (STEP CHANGE SCENARIO) - AEMO Australia
/\s.\,sz'_%rid-scale wind and solar &5 Distributed solar PV
Jﬁ‘ to increase 9-fold to increase 5-fold
NOW 2030 2050 NOwW 2030 2050
16 GW 44 GW 141 GW 15 GW 35 GW 69 GW

Fi_rming capacity Electricity usage
to increase by a 5%* from the grid

factor of 30 to nearly double
(Batteries, virtual power plants, pumped hydro,
NOW 2030 2050 NOW 2030 2050
2 GW 15 GW 61 GW 180 TWh ~ 184 TwWh ~ 320 TWh

Source: AEMO (2022), ISP, Step Change Scenario
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CSIRO’S RENEWABLE ENERGY STORAGE ROADMAP Australia
PRIMARY ENERGY ENERGY STORAGE END USE
-C:):- Electricity
@ g
Solar PV Thermal power cycles Electricity
(e.g. turbines, engines)
The Renewable Energy Storage Roadmap R 8
* Additional 13 GW of storage capacity will be TE L, Heat —
. ) Pumps
required by 2030. Wind Resistors o
echanica
. . \ 4 J | Electrolysers gS'?ﬁfe‘isl’édQ?r
Key recommendations: Energy storage analysis R Gravity storage
process by end use Hydro
L]
Role of storage themt e
. . . . .o 0 mper. re .g. t
* Deployment considerations — site & region specific Low temperature brocess hea,
M Eigh temperature - ootingl
. Combustion
* Technology options solar thermal (e.g. bolers,
furnaces)
T Fuel cells
,‘%« (stationary)
Biomass Transport

(air, ship, road, rail)

>

Notes: Graphic developed in consultation with ITP Thermal. Terminology: PV, photovoltaic.

Source: CSIRO (2023) Renewable Energy Storage
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A COORDINATED APPROACH Australia

@/7 An interim 2030 emissions reduction target of @ A Renewable Energy Target of 82% by 2030
43% /7
@ A net-zero emissions target by 2050

Powering Australia

* The Powering Australia Plan is focussed on accelerating Australia’s emissions reduction and delivering reliable and
affordable energy.

— Reducing emissions, creating jobs, and cutting power bills through boosting renewable energy.

* Focuses on the medium to long term changes necessary to transform our economy and electricity grid
through:

— Decarbonisation

— Electrification

— Energy efficiency

— Technology innovation and development

% CLEAN
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BUILDING THE SYSTEM: TRANSMISSION Australia

Rewiring the Nation (RtN) ATTATED.

Development in progres ...
e 4

* invest up to $20 billion to expand, upgrade and modernise Australia’s electricity grid,
including infrastructure, interstate electricity transmission and renewable energy zones. .

* Delivered by the Rewiring the Nation Office (RtNO) and the Clean Energy Finance
Corporation (CEFC).

Renewable Energy Zones

* High quality resource areas where clusters of large-scale renewable energy projects can
be developed using economies of scale. Solar, Wind (land & offshore) and Hydro.

* REZ connects multiple renewable generators in one location - more cost effective and
efficient in utilising resources.

First Nations Community Microgrids

« The Regional Microgrids Program will allocate $75 million for projects in First
Nations communities

Source: AEMO (2022), Integrated Systems Plan A

- CLEAN
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ENERGY STORAGE Australia

/

Capacity Investment Scheme

» The CIS will bring on at least 10 billion of new
investment and 6GW of clean dispatchable
renewable capacity by 2030

« Commonwealth support for up to 550MW of firmed
capacity, in addition to 380 MW already committed
by the New South Wales government.

Community Batteries for Household Solar program
(5200 million)

« Community batteries are key to supporting the
growth of more variable renewable energy sources
as solar and wind. T T o

» Toinstall 400 batteries across Australia and Source: Ausgrid (2023), Community Battery Pilot
provide shared storage for up to 100,000
households

(% CLEAN
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Action Plan for Power Sector Decarbonization

ENERGY PERFORMANCE AND EFFICIENCY

Energy Savings Package

* A S1.7 billion Energy Savings Package to make energy
efficiency upgrades more accessible to homes, local
councils and businesses including:

* 5310 million for the Small Business Energy Incentive to
provide additional tax deductions on electrification and
energy efficiency expenditure.

Household Energy Upgrades Fund

Improving household energy performance

* S1 billion to the Clean Energy Finance Corporation (CEFC)
to support home upgrades that save energy.

* S$300 million to support upgrades to social housing, co-
funded and designed in partnership with the states and
territories.

Do not cite.

\/
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Australia

Nationwide House Energy Rating Scheme

To inform Australians about the energy ﬂ

performance of existing homes and make
informed choices re. energy upgrades in their
households.

NATIONWIDE

Improving commercial building energy
performance

National Australian Built Environment Rating
System (NABERS).

The national Commercial Building Disclosure
(CBD) program.

Updates to the National Construction Code
standards for new buildings in line with net zero.

>
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Do not cite.

CLEAN ENERGY WORKFORCE - skills for a net zero future

» Jobs & Skills Australia’s Clean Energy

Generation report provide valuable insights
into workforce needs for the transformation

to a clean energy economy

« The New Energy Apprenticeships
Program will provide direct financial
assistance to support 10,000 Australian

Apprentices complete training in the clean

energy sector

Image Source: RACE for Everyone & the Institute for Sustainable Futures
(2023), The Australian Electricity Workforce for the 2022 ISP: Projections to

National Electricity Market

Step Change scenario
58,000 jobs (average 2023-2050)

ath=

Wind
B solar
. Batteries
B Hydro (all)
H Transmission Wind
37%
— '_ Solar
4V e
| :

Batteries 18%

—_—<
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Australia
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QLD: 18,000 jobs

Wind
30%

——

-
Batteries 17%

NSW: 20,600 jobs

Wind
27%

7
VIC: 11,800 jobs L
29%
—
“-Batteries 22%

TAS: 2,100 jobs

Wind 43% —
W ¥ —Solar 13%

/
Hudro 29%
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Australia’s Opportunity

Australia has committed to a net zero emissions, implying
a substantial transformation of the energy system and
the economy

Through the rapid uptake of renewable energy, Australia
is at the forefront of the challenges and opportunities of
energy system transformation globally

We are therefore building the future energy operating
system in real time

27 |
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Three challenges for power system transformation

Transmission systems Distribution systems Customer systems

E

Adoption of large scale wind, Adoption of rooftop solar and Electrification of heating, cooling,
solar and batteries and other batteries and other distributed  hot water, transport and other
inverter based resources (IBR) energy resources (DER) flexible loads
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Challenge 1: Transmission systems
and inverter based resources

Large fossil-fuel based generators are being replaced by variable
renewable energy (VRE) or inverter-based resources (IBR) such as
wind, solar and large scale batteries

Current target to operate the power system with 100% IBR by
2025, already happening in some regions.

However the existing power system currently relies on synchronous
generators to provide stability features such as system inertia and
system strength.

This forces the system operator to maintain spinning reserve
(mostly gas generators)
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Future power transmission systems

System operator provides real time visibility,
predictability and control

Grid forming
inverters

Dynamic
security
assessment

System
operator

NEGEIS
processing
and state
estimation

Resource
adequacy
analysis

Phasor measurement units and other telemetry sources
gather high sample rate measurements across the
transmission system

Signals processing and state estimation applied to provide
reaI-tin|1_e visibility of the system and detect faults and other
anomalies

Resource adequacy analysis using advanced weather
forecasting, demand forecasting and generation forecasting to
assess the supply-demand balance and identify shortfalls

Dynamic security assessment incorporating fast
electromagnetic transient analysis (EMT) to analyse and
manage system security contingencies in real time

Grid forming inverter controls turn IBR from an operational
challenge to a responsive stability resource
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Global Power System Transformation Initiative

* An international consortium of power
system operators and research
institutes assisting with the transition
to reliable, renewable energy systems

* CSIRO and Australian Energy Market
Operator (AEMO) leading Australian
consortium with leading universities
and consultancies

31 |
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Challenge 2: Distribution systems and
distributed energy resources

Distributed energy resources (DER) such as solar PV and batteries
are forecast to provide over half of installed generation capacity in
the national electricity market

However distribution networks were not designed for this, with
minimal visibility or control of the distribution network.

This leads to one of two problems:

e power quality or reliability issues, leading to overvoltage,
premature failure of customer devices etc or

e conservative connection limits or static export limits on rooftop
solar, leading to under-utilized generation and network capacity
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Future power distribution systems

Distribution system operator (DSO) has real time
visibility, predictability and control

Smart
meters /
network

telemetry

NEGELS
processing
and state
estimation

Dynamic
DER control
and pricing ~ Distribution —

System
Operator
(DSO)

Operational
forecasting
and system
modelling

Dynamic
network
controls

Smart meters and network monitoring devices collect
millions of data points across the distribution network

Signals processing and state estimation methods applied to
provide real-time visibility and detect faults and other
anomalies

Operational forecasting and distribution system modelling
applied to project demand and generation across millions of
customers and forecast available network capacity and
performance

Dynamic network controls including on-load tap changers
(OLTC), reactive power compensation devices (PCD), phase
switching devices (PSD)

Dynamic DER controls and pricing, including dynamic
export/import limits, dynamic network support incentives
and dynamic network prices
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Distributed Energy Integration Program

* A national consortium to facilitate the | A
integration of DER in the Australian energy @@AEMO R, W)
\\-,,AEMC
system
* CSIRO is working with several leading o

universities to:

A0 CLEAN AUSTRALIAN Energy
. .. . - [ ENERGY ENERGY Q N K
* develop interoperability standards and testing C COUNCIL SO0RCLL b et
protocols
S o il S ) 22, come
* enhance visibility and predictability of DER | AUSTRALIA Energy Council

i
Ol

* enhance capability and transparency of distribution i
network planning and operations %,;e*: % ERSY
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Challenge 3: Electrification and
customer flexibility

 Electrification of heating, cooling, transport,
industrial processes and other demand side changes
are driving a structural break or step change in
energy use

 If unmanaged, this could translate to significant
increase in generation and network load

* Potential to exacerbate already poor utilization of
generation and network assets
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Future power customer systems

Smart
devices

Electric

SUTECE vehicles

inverters

Battery
energy
storage

Energy customers have real time visibility,
predictability and control

 Home energy management systems (HEMS) and

building management systems (BMS) analyse and
forecast power requirements and external
conditions (pricing forecasts, weather forecasts)

Smart devices including hot water systems, air
conditioners, pool pumps provide load flexibility
aligning demand with generation

Electric vehicles and battery storage systems
dynamically draw and inject power to balance
supply and demand and provide system stability

Customer has complete transparency, is rewarded
financially for their contribution, and can opt-out
at any time
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Energy Data Clearing House (DCH)

* A cloud-based loT data management o
and application enablement _—

p | ath rm e Sites and Buildings
* Designed to support flexible )
ge n e ratl O n, LI Se a n d StO ra ge — Navigate Sites and Buildings

* Will enable the participation of
customers in the energy
market as sources of flexible
demand

* Also enhances visibility and
predictability of DER for networks
and system operator
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Thank you

Dr John McKibbin
Energy Networks Research Leader

john.mckibbin@csiro.au

Australia’s National Science Agency
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The role of battery storage
In Australia

POWER SECTOR: DECARBONISATION ACTION PLAN
October 2023

energ

renGlssonce Commercial-in-confidence, Energy Renaissance Pty Ltd @




Australia

One of the world's highest per capita emitters of carbon dioxide!
The energy sector (the largest contributor) accounts for over one-third of emissions?
Highest average solar radiation, yet solar energy accounts for ~7% of electricity generation?

Renewable energy adoption rate is among the fastest in the world*

Lead the world in adopting household solar battery storage, yet commercial and utility-scale
battery adoption is still in its nascent stages®




power problem

=s, and floods, leading to frequen’r
ages and grid instability.

AGING INFRASTRUCTURE2: Much of Australia's electricity
infrastructure needs to be updated and designed to handle
the complexities of modern, renewable energy sources,
leading to inefficiencies and increased costs.

CARBON EMISSIONS3: Despite progress in renewable
adoption, Australia's power sector is still heavily reliant on fossil
fuels, contributing significantly to the nation's carbon
emissions. P

A
//

Source: "Electricity Network Transformation Roadmap: Final Report” - EnergyNe‘rworks Austg}ﬁo on.eLC’SIRO 2017 i
Source: "State of the Energy Market" - Australian Energy Regulator, 2020 e
Source: "Quarterly Update of Australia's National Greenhouse Ggslrwen‘rory Depgﬁrnent’oflndusfry Saer)e,’e/Ene[gy'ond Resources, 2021/
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the role batteries play

1. provide power during peak demand or
SUAENIS RIS EIFII outages, stabilising the grid

INTEGRATE sources (like solar and wind) by storing
RENEWABLES? excess energy and releasing it when

reduces carbon emissions and aligns
with decarbonisation goals

reduces the need for infrastructure
upgrades and lowers electricity price

IMPROVE ENERGY increases energy security and reduces
INDEPENDANCE?® reliance on international supply chains

Source: "Grid Energy Storage" - U.S. Department of Energy, 2013

Source: "Australia's Renewable Energy Future" - Clean Energy Council, 2021

Source: "Emissions Reduction Fund" - Australian Government, 2020

Source: "Economic Benefits of Battery Storage" - Australian Energy Market Operator (AEMO), 2021

Source: "Australia's Critical Minerals Strategy" - Department of Industry, Science, Energy and Resources, 2019

O kW
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contact

Email:
brian.craighead@energyrenaissance.com

Mobile: 0447 681 831
Wwww.energyrenaissance.com

energy

-
ren0|ssonce Commercial-in-confidence, Energy Renaissance Pty Ltd 43



CLEAN ENERGY e
SOLUTIONS CENTER w CLEANENERGY

ASSISTING COUNTRIES WITH CLEAN ENERGY POLICY £ M =N |t Sk EER | A L
Advancing Clean Energy Together

An Initiative of the Clean Energy Ministerial

Discussion and Q&A

DO NOT CITE OR REFERENCE. This work is not for distribution or commercial purposes. The methodology, formula, and analysis used and presented in this document and

the views herein do not necessarily represent the views of or are endorsed by the U.S. Department of Energy or the U.S. Government, or any agency thereof.



Rest of Webinar Series

» European Commission spotlight: mid-November

e Others: to-be-scheduled

Stay tuned!

r‘ CLEAN ENERGY

ﬂ SOLUTIONS CENTER cleanenergysolutions.org | 45
SSISTING COUNTRIES WITH CLEAN ENERGY POLICY
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Connect With Us Online

« Clean Energy Solutions Center (CESC)
— Check out our website
— LinkedlIn

— CESC updates and event invitations

« Clean Energy Ministerial (CEM)
— Check out our website
— LinkedIn
— Subscribe to the CEM newsletter!

r‘ CLEAN ENERGY

ﬂ SOLUTIONS CENTER
SSISTING COUNTRIES WITH CLEAN ENERGY POLICY

A


http://www.cleanenergyministerial.org/initiatives-campaigns/clean-energy-solutions-center
http://www.linkedin.com/company/clean-energy-solutions-center
https://cleanenergysolutions.us14.list-manage.com/subscribe/post?u=cfb46c07f566f9a82b5fa0488&id=a060202cfd
http://www.cleanenergyministerial.org/
http://www.linkedin.com/company/clean-energy-ministerial
https://e48ccbb3.sibforms.com/serve/MUIEAC0tWM3i9WN06VznNcKEGpdqu0VTEi_nZnS-Ve1VtnFmTyVEZ4JZilCCedIxXfbsueggxPwJigSuvIdggkujL782ExilFoISe45pISMUvilMdMkCPQ21ywQyDHYw76x283Djrd3S_1sPACmWI6av2bWoXsfwe-brssDtsAK1PJZlBjUhBUzdNsPnvV0Q13o8o0LCJInHiErv

CLEAN ENERGY

SOLUTIONS CENTER =% 21st CENTURY
ASSISTING COUNTRIES WITH CLEAN ENERGY POLICY POWER PARTNERSHIP

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

An Initiative of the Clean Energy Ministerial

Thank You!

DO NOT CITE OR REFERENCE. This work is not for distribution or commercial purposes. The methodology, formula, and analysis used and presented in this document and

the views herein do not necessarily represent the views of or are endorsed by the U.S. Department of Energy or the U.S. Government, or any agency thereof.
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