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2.Trend of Long Duration ESS
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6 out of 8 Australian states and territories have set their own
RE targets (35% in 2030) far exceed federal at 14%

State and territory renewable energy targets by 2030 Renewable energy generation in 2030 with likely state
g Y policy
Federal % Generation of total demand?
~14%’ 100%
target
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state target
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Unlegislated 100% capacity  capacity

m Large-scale Rooftop PV
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AU BESS market is projected to be the 3™ largest in APAC
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“Australia BESS market is projected to be the 2nd largest in APAC, 12GW potential by 2030”




#ts | QIEEE

Power & Energy Society®

1 Energy Arbitrage Opportunities over a day Increasing Demand of System Flexibility increase opportunities for Battery ESS

Reduction in thermal supply & Penetration of Wind and Grid-solar open the pathway for battery

Queensland Electricity Spot Price

Unit: $A/MWh . 15.000 Change in supply — Q4 2020 versus Q4 2019 Average change in VRE generation — Q4 2020 versus Q4 2019
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Market revenue earned by batteries in Australia’s National
Electricity Market

Estimated power output of

South Australia temporally
- discounted 18 days due to 80 0 MW batterigs under oopgtruclion in
A% million 63 weather incident the National Electricity Market
Estimated power output of

2 ,2 50 MW pumped hydro under

construction in the NEM

Share of batteries’ 2020 FCAS
530/0 revenue earned during South

Australia islanding event

" Most storage projects are allocated subsidies from state and federal
governments -usually in the form of knowledge-sharing grant

agreements and/or network service contracts.
" Electricity retailers are showing a growing appetite for ownership of
storage projects. AGL Energy, Origin Energy, and Energy Australia

have all announced plans to own and develop grid-scale batteries

"  Freguency control and ancillary services or FCAS proved lucrative

‘ for batteries in 2020, making up 99% of market revenue

2018 2019 2020 ‘ 2021

" With approximately 8 5GW of utility-scale wind and solar currently
W Energy W FCAS m Charging under construction in the NEM, the value of FCAS may rise in the
coming years
Source: bnef 16 Aug'21.
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The rules provides for AEMO to purchase these services from market participants:

Wholesale Energy Market:

Direct Participation

Merchant AS:
Frequency Control Ancillary Service
(FCAS)
Non-Merchant AS:

Network Support & Control Ancillary
Service (NSCAS)

System Restart Ancillary Service
(SRAS])

Energy Arbitrage
Energy Time Shifting

Imbalances of supply and
These services are pPpYy

required when... demand

Penetration of Variable

Renewable Energy (VRE)

Transmission

disruption/contingency

-

-
-
@
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ESS can potentially gain arbitrage from
energy price variation or participate in
bulk energy time shifting activities

such as South Australia with abundant

intermittent generation

ESS can fill up the gap of supply and

demand when ever the system needed

Price volatility caused from VRE also
leads to requirement of the system for
FCAS

Natural disasters are one of the major
cause of power system events, “18
days separation of Victoria and South
Australia” resulted in $229 million
cost, major proportion is FCAS cost
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é AEMO The rules provides for AEMO to purchase these services from market participants:

Wholesale Energy Market:

_ R Energy Arbitrage
Direct Participation . -
Energy Time Shifting

Merchant / Market AS:

Frequency Control Ancillary Service [FCAS])

Non-Merchant / Contract-Based AS:

Network Support & Control Ancillary Service [NSCAS) Reactive Power

System Restart Ancillary Service (SRAS)

Load shedding
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Merchant / Market AS:

s/ Lower

Frequency Control Ancillary Service [FCAS)
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Key success factor of ESS in Ancillary Service application

Figure 3.6: Contingency FCAS perf on the afts of Friday, 6 March following Loy Yang A unit trip
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Key success factor of ESS in Energy Arbitrage application

Figure 3.3: Battery performance across 14 + 15 March during negative pricing intervals
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Commercial arrangement diagrams

explained

1. Funder/Owner relationship
Most storage projects in
Awustralia receive some level of
financial assistance in the form
of upfront grants or low cost
finance. In exchange,
knowledge sharing agreements
or service agreements are
signed.

2. Storage Project breakdown
In some cases, storage projects
may be split for operational
reasons such as ring-fencing
regulated services from
competitive market services (if
the owner is a network
company).

J. Revenue/Value streams

Revenue/Value streams ars
grouped into four categories:
Metwork services, Generator
support, Mon-market ancillary
services and competitive market
services. Services in orange are

those that are currently un-paid

or un-valued.

Ownership &
funding

Asset and
operator

3 Metwork services
Fast frequency

: response

SIPS

:  Generator support
¢ MLF Improvement :
Services Curtailment reduction
provided :

: Non-market ancillary services : Competitive market services :

¢ Reserve Capacity : Energy
: Regulation FCAS
¢ Contingency FCAS
Legend Qumer B Funder ———* Benefits Paid services
B Operator/ Operational Un-paidivalue
Offtaker ccﬁﬂrnl — Payments n-paidivalued

senices

Note: SIPS: Sysfem Infegrity Profection Scheme, MLE Marginal Loss Factfor. FCAS: Frequency Controf and Ancillary Services.
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4. Owner/Operator relationship

In cases where the owner is not the
operator of the storage project,
typically an asset leasing agreement is
signed which gives the leasee
operational rights for the storage asset
for an agreed fixed payment. The
agreement may reserve a certain
proportion of the asset for the owners
use. In some cases, the owner is also
the operator of the storage asset.

5. Operator/storage relationship
Operator/offtaker controls the storage
asset and receives payments from the
storage project. Depending on the
lease agreement signed between the
owner and operator, the storage
project may provide service benefits to
the owner as well.



Use case I:
(Own and Operate)

Hornsdale Power Reserve

Project details

Size 150MW/193.5MWh

Start of operation December 2017

Cost ~As161 miion 8§32 A$ / kWh
Owner MNeoen {Developer)

Integrator Tesla

Operator MNeoen (Developer)

Offtaker Government of South Australia

Connection Connected at 132kV transmission level

Market based revenues and costs (A$)
AL million

Charging
30 Reg Raise
25
20 m Reqg Lower
15 n55ec Raise
10 m 605Sac Raise
5 I u 5Min Raise
0 | !-_____----_I-.. 6Sec Lower
5 5§ 8 8 & 8 8 & & o~ = 503ec Lower
8 8 8 &8 8 8 8 5% & .
& é g‘ _:Is oy é & % é‘ u 5Min Lower
S =2 = 7 @# =z S5 = = wmEnergy

Source: BloomberghEF, AEMO, Neoen, Arena; SIPS: Sysfem Infegrity Frofection Scheme, MLF. Marginal Loss Facior.

s

Power & Energy Society®

Revenue Streams/business model

T o] Services contract
Government

—
ATEE 8m

Ownership &
funding

Asset and
operator
Network services : Generator support :
! Fast frequency : : MLF Improvement :
Services  : response : : Curtailment reduction
provided  : SIPS Eeeieesseess e j
: Inertia services e

Competitive market services |
Energy :
Regulation FCAS

-------------------------------------------

i Non-market ancillary services :
! Reserve Capacity i

AEEEsEEEEESEEEEEEE

Contingesncy FCAS
] s COwner B runder ———# Benafits Paid services
€gen Operator/ i Ty
[ DiE'FLa eto . Euﬁ:i‘;mnal —> Payments Un-paidivalued

services
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Hornsdale Power Reserve, market revenues and charging costs (A$)

Hornsdale Power Reserve, market revenues and charging costs (A$)

Month Energy 5Min Lower 60Sec Lower 6Sec Lower 5Min Raise 60Sec Raise 6Sec Raise Reg Lower Reg Raise Charging Net total
Jan-2020 470,160.39 32,457.66 23,025.69 230,949.36 125,988.60 163,605.47 2,819,931.41 337,709.83 655,237.22 (148,441.41) 4,710,624
Feb-2020 16,333.35 4,969,441.95 2,074585.51 3,357,188.61 3,430,648.03 2,377,883.69 7,036,515.81 533,854.70 325,812.84 1,109.51 24,123,374
Mar-2020 13,994.77 575,963.73 275,163.99 900,138.75 689,614.34 294,005.19 2,308,595.99 445532.25 449432.85 (36,499.17) 5,915,943
Apr-2020 4,678.62 7.030.52 3,434.55 46,839.31 36,505.32 89,586.29 533,925.93 279.477.55 326,178.45 (26,031.30) 1,301,625
May-2020 13,644.51 25,175.87 16,889.87 50,409.14 31,939.16 89,228.03 481,470.56 219,585.19 282,412.32 (26,566.82) 1,184,188
Jun-2020 150,258.47 28,509.84 15,945.78 35,717.09 29,764.50 67,576.98 441,268.17 112,961.21 191,353.78 (81,307.10) 992,049
Jul-2020 30,918.66 18,586.53 11,199.97 20,848.46 21,121.87 23,924.32 216,748.15 60,766.42 167,723.12 (95,396.53) 476,441
Aug-2020 78,042.13 17,906.98 12,584.78 18,107.49 17,342.02 37,193.89 221,427.91 75,342.32 181,446.91 (33,996.14) 625,398
Sep-2020 1,462.24 49,214.68 31,730.04 36,359.71 31,676.10 100,626.82 306,587.12 276,832.36 450,816.16 123,193.29 1,408,499
Oct-2020 184,642.58 55,816.52 76,296.76 55,375.19 34,673.33 135,644.20 576,315.49 265,037.58 712,096.79 (45,538.186) 2,050,360
Now2020 68,352.40 28,943.59 50,408.93 31,090.93 22,366.60 71,026.68 44565212 232,704.19 837,038.53 (160,413.08) 1,627,171
Dec-2020 30,512.43 27,852.04 31,240.55 33,592.45 34,093.90 61,586.51 382,264.47 367,330.96 453,207.73 67,905.09 1,489,586
Jan-2021 317,255.53 29,291.47 52,845.83 46,457.28 37,132.37 35,984.78 219,693.99 356,399.41 270,086.56 (25,984.66) 1,339,163
Feb-2021 80,605.99 15,467.87 126,397.57 25,679.93 28,749.53 39,661.23 198,782.79 252,866.69 209,790.30 93,910.15 1,071,912
Mar-2021 278,772.23 12,135.43 1,573,055.29 104,525.47 35,587.93 75,906.54 341,802.28 318,719.15 236,463.65 (11,304.87) 2,965,663
Apr-2021 277,425.01 18,526.74 12,570.35 6,214.43 31,119.96 126,600.82 820,452.30 283,183.13 406,296.40 (209,145.73) 1,773,243
May-2021 1,075,405.28 12,772.52 15,770.93 9,369.57 37,244.70 223,371.00 1,994,415.03 258,006.44 744,627.63 (204,022.29) 4,166,961
Jun-2021 313,775.56 9,439.68 47,498.75 12,405.04 38,270.49 232,412.88 1,925,788.35 294,337.63 965,092.00 (518,294.89) 3,320,725

60,542,925




Use case ll:
(Lease and operate)

Ballarat

Project details

Size 30MW/30MWh

Start of operation MNovember 2018

Cost as3s1mion ] 1] 67A$/kWh
Owner AusNet Services (Network)

Integrator Spotless & Fluence

Operator EnergyAustralia (Electricity retailer)
Offtaker EnergyAustiralia (Electricity retailer)
Connection Connected at 33kV bus at substation

(transmission level)

Market based revenues and costs (A$)
A$ million

Charging

Reg Raise
m Reg Lower
= 55ec Raise
= 50Sec Raise
= 5Min Raise

May-2021 |

= £Sec Lower

m 60Sec Lower

Jul-2020

= 5Min Lower
= Energy

Jan-2020
Mar-2020
Mla y-20 20
Sep—2020
Noy-2020 W
Jan-20:21 II
Mar-20:21 l

Source: BloomberghNEF, AEMO,. Arena
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Revenue Streams/business model

i Knowled

Ownership & Victoria 5?1 e e
funding Government &

Arena ASZ5m

. Operationa
Undmclosed“ rights

Asset and
operator

Energy

B S ——

-

Australia

Generator support

Services
provided

H . -
L T T T T T T -

Competitive market services
Energy

Regulation FCAS :
: Contingency FCAS

Non-market ancillary services :

B rFunder

Owner

Legend —* Benefits Paid services
B Cperator/ i .
O?ﬁaker Sﬂ;:ﬁ:g}lonal ~——" Payments Un-paid/valued

services
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Ballarat, market revenues and charging costs (A$)

Ballarat, market revenues and charging costs (A%)

Month Energy 5Min Lower 60Sec Lower 6Sec Lower 5Min Raise 60Sec Raise 6Sec Raise Reg Lower Reg Raise Charging Net total
Jan-2020 311,164.32 236.05 285.03 2,150.85 487,376.04 220,608.76 879,951.32 5,319.43 195,613.30 (31,856.35) 2,070,849
Feb-2020 1,604.13 1.29 - - 35,541.46 367,521.09 532,724.50 2314.16  26,446.53 (10,380.03) 955,773
Mar-2020 - - - - 23,468.30 176,720.42 384,587.84 3,971.88  37,800.88 (12,306.78) 614,243
Apr-2020 1,030.92 - - - 17,186.94 108,569.74 198,450.53 275465  32,684.26 (9,726.37) 350,951
May-2020 722.90 - - - 11,933.13 101,142.33 156,612.98 1,920.64 25013.43 (7,014.24) 290,331
Jun-2020 33,162.92 - - - 10,984.37 55,911.09 107,310.95 910.04  43,455.01 (14,997.34) 236,737
Jul-2020 34,199.55 4,873.10 6,376.06 1,614.21 14,647.41 31,593.08 105,259.04 1,724.57  65,950.26 (41,891.44) 224,346
Aug-2020 31,523.05 17,453.90 27,839.45 12,665.04 13,029.79 49,700.11 98,851.86 3,788.19  83,305.31 (33,867.30) 304,289
Sep-2020 9,701.70 23,889.60 33,163.09 12,415.90 12,314.71 88,421.97 78,987.72  13,090.77 107,409.40 (22,920.89) 356,474
Oct-2020 36,411.97 28,956.26 58,797.97 17,568.29 9,065.99 108,620.17 121,521.87 7,459.94  98,848.25 (42,474.15) 444777
Now-2020 16,187.30 13,601.03 37,848.00 9,502.49 4,325.37 41,918.18 69,437.63 6,451.15 174,213.48 (55,098.41) 318,386
Dec-2020 7,261.89 13,155.95 27,857.71 10,914.17 9,201.99 50,861.98 83,716.40 2,273.83 78,928.86 (12,400.47) 271,572
Jan-2021 3,903.03 14,356.37 43,044.16 15,450.79 8,558.38 27,338.54 44,723.80 2,981.73  58,248.45 (11.,463.53) 207,142
Feb-2021 8,010.25 4,588.28 14,526.81 3,743.35 6,827.36 34,502.53 43,701.46  20,077.98  40,504.71 (6,415.13) 170,068
Mar-2021 10,424.95 4,505.42 10,304.04 2,411.14 10,834.30 75,757.71 92,670.19 3644228 25,770.99 (10,669.93) 258,451
Apr-2021 59,588.03 6,342.35 8,794.78 1,409.78 9,049.21 123,854.36 21979761 21,733.89  28,883.92 (16,696.46) 462,757
May-2021 49,512.82 4,139.06 9,799.72 1,862.72 10,229.53 200,710.47 554,531.40 27,604.26  46,314.92 (17,660.24) 887,045
Jun-2021 86,495.55 3,209.87 8,774.11 1,905.31 11,859.00 226,600.23 574,530.01 18,827.35  36,202.97 (41,419.78) 926,985

9,351,175




Real Battery Use-case

Business Model

CAPEX

Size

coD

Revenue
(COD-to-Dec2021)

Integrator

Oowner

Revenue Source

Hornsdale Power Reserve

Build-own-operate

A$161 million
150MW/193.5MWh
Dec 2017

A$112 million (70% of CAPEX / 4 years)

Market & Non-market

@pss

Power & Energy Society®
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Ballarat

Asset Lease out
A$35 million
30MW/30MWh
Nov 2018

A%$15.8 million (45% of CAPEX / 3 years)

rLUcNCec {§f SPOTLESS

A,
AusNet

sServices

Market Only
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Segment results

AUSTRALIA

Victorian Big Battery Hornsdale Expansion (HPRx)
2020 2019 Chanee 2020 2019 Chanee —
{in %) (in %)
Europe - Africa :
Wind 649 476  +36% 50.8 79 +34% & ia - 2ot | B e A 5013
Solar 56.3 53.2 +6% 486 476 +2%
Storage 13 0.4 n/a 08 0.3 n/a
Total 1224 1012 +21% 100.3 85.9 +17%
Australia
Wind 57.0 63.5 -10% 46.3 64.3 -28%
e——— .. . .. L T
: Storage 315 20.1 +57% 30.6 17.1 +79% :
T T T T T T T T T T T T T T T T T el 1295 1288 1% 1145 1255 9% De Grussa

Energy storage performance in Australia

v
BB Western Australia 2015

Revenue - 37 MUSD  EBITDA- 36 MusD 97 %o EBITDA Margin




MW-Scaled ESS business

Announce year

2021 Q

Dec’20 O
Nov'20 O

Aug'20 O

Dec’17 ©

700MW / 2,800 MWh (Plan)

500MW / 1,000 MWh (Plan, 2023)

1,200MW (Plan, 2023)

600MW (Plan)

300MW / 1,200MWh (COD)

250MW / 1,000 MWh (Plan)

250MW / 250MWh (COD)

100MW / 129MWh (COD)

Oongin

NEOEN

CEP
.

VIETI:A

mw § B =

ENERGY

VIETDA

mw § s

ENERGY

]
. ]

- agl
LSP "W=R

NEOEN

Power & Energy Society®
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South Australia

Wallerawang, NSW

Hunter Valley, NSW

Moss Landing, Morro Bay

Monterey Bay, California

South Australia

San Diego County, California

Hornsdale, South Australia
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2.Trend of Long Duration ESS
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Higher VRE, Higher ESS deployment (opes | @IEEE

US Energy Storage Market — Reference Case

300
12-hour Pumped-Hydro Storage
250 10-hour Battery Storage
=== 8-hour Battery Storage
200 mmm  G-hour Battery Storage
W 4-hour Battery Storage il
N 2-hour Battery Storage

4 — 8 hours of

il
Iii L staorage will

g

dominate the
market

Storage Capacity (GW)
2

g
-|
I—
_—-

2020 2025 2030 2035 2040 2045 2050

o

Source: U.S. DOE Storage Futures Study, Economic Potential of Diurnal Storage in the U.S. Power Sector, 2021, https://www.nrel.gov/docs/fy210sti/77449.pdf
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High RE Energy Arbitrage

60,000
(Today/Future)

Grid: Charging (low-rate) Duck curve effect 0000

- Year 2029 > 20% £
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10,000 —15% PV
—20% PV
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BESS Energy Time Shift with % VRE penetration ooy
B
=
*  Energy Time Shift (4 hr): 20— 25% -> Year 2027 — 2031 g
+ Energy Time Shift (6 hr): > 25% -> Year 2032 — 2036 § BESS 2-4 hr >8hr
*  Energy Time Shift (8 hr): > 35% -> Year 2037 g
___-. BESS 6-8 hr
Off-Peak (Day time) -> BESS -> On Peak (Nighttime with EV)
2021 2029 2037

Energy Arbitrage with Peak Shaving

Source: SG Tech namsdufiunulasinsinsiiadaiunud fliimsduaduanaunssumsudnszuuinifiundsnulszianuunne?




How Redox Flow ESS works? @Es ¢ IEEE

Flow
| CELLSTACK Current  plates
collectors

ELECTRICITY DISTRIBUTION

Pipe Electrode M embrane

Electrolyte

Halt-cell

CE—— ]
R e S

Pump Four-cell stack




Advantages of Redox Flow ESS (epes | QIEEE

Power & Energy Society®

Vanadium Lithium Arizona Public Service 2MW 2MWh
] Lithium-ion battery (LiB) explosion
\'} Li April 19, 2019 hospitalizes 4 firefighters
50.94 6.941 -
Cycle-Life Infinite 2,000-4,000
Usable Capacity 100% 80%
Safety Inherently safe Fire risk
Recyclability 100% Disposal liability _ E
Scalability GWh projects MWh projects mei 25MWh Fire Kills 2 Rirefighters
April 16, 2021
Duration >4 hours 1-4 hours
Efficiency 70-85% 80-95%
Lifetime 30 yrs 5-10yrs
Raw Material Unconstrained, waste L Ni C ined
Sourcing sources available LNE O COIELEaIne In the wake of the Arizona fire, LG Chem requested aII
o storage sites to lower the SOC back to 70% max.”
LCOE Lowest Limited In the wake of the Beijing fire, authorities are considering

new regulations to ban lithium storage in major cities

Fire or Explosion has occurred in ~2% of lithium storage projects in China and South Korea (29 of ~1,000 projects since 2018)

A

VANADIUM FLOW BATTERIES
h MORE THAN 25-YEAR LIFE

SULID BATTERIES

(LITHIUM, LEAD, ACID...)

CHARGE CAPACITY

FORMATTING PEAK DECLINE

v

CYCLES, TIME
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Li-ion VS Redox Flow Comparison %@pw 4
S/ Levelized Cost of Energy (LCOE)
0.120
LiB Systems VRB Systems
0.110 == sy y VRB
0.100 i E :r : 30% - 40%
0090 . o Lower LCOE
0.080 L :" i \
4 I-

0.070 '\ // m End-of-Life
0.060 ® Operation & Maintenance

= Cycle-Life Replacements
0.050 m Depth-of-Discharge
0.040 m Efficiency

m CAPEX
0.030
0.020
0.010
0.000
(0.010)

LiB 6-hr LiB 8-hr VRB 6-hr VRB 8-hr




BCPG invests in Flow ESS

bcpg Ultimate

Ivanhoe Electric Inc.

Shareholder

24 MUSD ; ~90.0%

Convertible Debt l=
Interest 8% p.a.

Convert to 13%- 14% equity VRB
I - ENERGY

Vanadium Redox Battery Selutions

—

(2022)

v'32 MW / 256 MWh
VRB-ESS

Concentric California

P ——yr

Key Developments

Dagqing Heilongjian
(2022)

v 125 kW / 500 kWh VRB-ESS

Hebei Chengde (2020)
¥ 2 MW /8 MWh for VRB-ESS for
wind integration

Hebei Zhangjiakou (2011)

¥ 2 MW [ BMWh for VRB-ESS for
China State Grid

: : Hebei Chengde (2019
Hebei Chengde (2020) i ; 124)
> \# (o MW for VRB.£68 for | B |7 i
- wind integration \\ - A e o9

HERES Hubei Pingfan (2017)

UING
¥ 3 MW PV +3 MW/ 12 MWh
» | VRBESS

~ 025 MW [ 1 MWh for VRB-ESS
TIBET
- SICHUAN

/& 1,000 MW Giga Factory

[Battery Production]
for Hunan State Grid

?'n : 50 MW / 250 MWh p.a., (under consiruction)
Phase 2: +150 MW / 750 MWh p.a. (2022)

YUNNAN
Phase 3: +800 MW / 4,000 MWh p.a. (Future)

Hunan (2018} -‘
¥ 0.25 MW [ 1 MWh for VRB-ESS _'_.‘

—— 1

Hubei Xiangyang (2021) !

| ¥ 100 MW PV and i
v 100 MW / 500 MWh VRE-ESS !
— ]

e Hubei Xiangyang (2021)

|

u |
1

1

1

1

1

1

1

L 4

@Eﬁss

Power & Energy Society®

QIEEE

Ningxia 100 MW/400MWh
Beijing Jingneng
200MW/1GWh

China Resources Beijing
200MW/1GWh

China Resources Guangzhou
200MW/800MWh

China State Grid Hunan
20MW/100MWh

Beijing 10MW/60MWh for
Embassy District
Australia 50MW/200MWh
Illinois 20MW/80MWh

i neetne R
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Example: 48-Hour Period in Summer - Australia

400
300
PV

100

-100 CHARGE

ROM PV g s e
_200

Does NOT include fast frequency response revenue/value,
continuously available (<100ms from Full Charge Power to Full Discharge Power)
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Economics shows 7-8 hours of storage is optimal
- Target 100MW firm peak power (4:00pm-9:00pm) and 50MW firm off-peak
« Peak power at USS150/MW (USS188/MW penalty) and off-peak at USS80/MW (USS80/MW pena
« “Overbuild” 400MW of PV (“spilling” 25% of PV output is a ‘feature’ not a ‘bug’)
« Add 130MW 1,040MWh (8-Hour) VRB-ESS (90% of firm hours met)
+ Yields >10% IRR (unlevered) arbitrage-only (no ancillary, capacity or reliability revenue)

130MW VRB-ESS Size (Hours at Rated Power)
5 6 7 8 9 10 <- Batt Hrs

PV Size
(MWdc)

APV MW




Virtual power lines %@; P IEEE
BESS for ancillary services and utilizations EGATfrALL \rf
Ancillary Services Utilizatlons
W | 1 Baht 5 Baht

3
S'l

l

Arbitrage:
¢
hham ﬁ""‘

-I

&
T

R ——————————————————pe e

-

‘ - ‘
1. Black Start : 2 Eneray’ |
: Arbitrage
BESS can avoid fuel
costs and emissions [ Purchase off-peak
from conventional I electricity at low
black-start | t;p:ceﬁ:r chargtl:g
storage system
WSS and sell in peak load
! period
l
l
l




20-year cost of solution
Transmission vs Storage - Lumpiness of Investment NF Y i

120 @lEEE I E E E
Transmission $139.0 b Es ’

° ° -
VIrtual power llnes - Power & Energy Society®
80 SAVINGS FOR i
CUSTOMERS 39% savings \

Storage

$85.0

2028
2029
2030
2031
2032
2033

~
==
~

2019
2020
2021
2022
2023
2024
2025
2026

8~ e
o o O C
8RR

Source: Fluence Energy

N-1 crnitena Wires NPV Storage NPV
LINE 1 i
G LINE 1
e
T . 2 —_— T
Hih \ UNEZ
GRID GRID GRID B B GRID
SECTION A SECTION B SECTION A ] b | SECTION B
— POWER — BACKUP — POWER — BACKUP

Three TSOs should have Netzboosters as pilot projects if the German The RINGO project from RTE aims at experiencing virtual lines, paving the way for congestion
politics approve the current network transmission plan relief services to the TSO to be set up in 2024

Sites Storage Technology Cell
size providers manufacturer

Vingeanne 12 MW NIDEC ASI Fr Li-an
50Hertz 37 MWh LG Chem

Bellac 10 MW Saft / Schneider Li-ion

TenneT/Am pri?n n [3 4 8 m € l Sy ome 30.8 MWh Tianneng
. > | Ventavon 10 MW Blue Solutions / LMP
. 30.2MWh  SCLE SFE/ Bolloré
INEQ
S50Hertz Bellac = The French regulator approved CRE the 80 millions euros

300 budget to fund this demonstration project called RINGO

Batteries should be in service by RTE from 2020 to 2023 to
reduce N-1 constraints

The three batteries are located on the transmission network
Amprion : where renewables create congestion constraints from 2020

After 2023, the batteries will be operated by third parties to
provide various services and RTE should create local
flexibility contracts

T’a“‘“’"““’EJ France TSO: 32MW/98MWh (80 m€)

- Germany TS0s deploy 1.3GW of ESS to reduce grid congestion by 2025
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Virtual power lines oy S
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Virtual power lines
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Ref: http://www.eppo.go.th/images/Power/pdf/AEC_plan.pdf
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Figure 4;: Benchmark four-hour storage system cost
Real 2020 $/kWh
400

350
Developer margin
300

® Developer overheads
=EPC*

= Systemn integrator margin

250

200
® Transformer

150
Energy management system

" PCS

® Balance of System

= Batlery rack

100

50

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: BloombergNEF. Note: Excludes warranty costs, which are often paid annually rather than as part of the initial capital
expenditure. These costs do not explicitly include any taxes, afthough due to a lack of transparency in the market, some may be
unknowingly included. This is for a brownfield development 5o excludes grid connection costs. Does not include salvage costs or
project augmentation. 2019 figures adjusted for inflation to convert to real 2020 U.S. dollars.

fAnszezuA 19ash3uazd szezanadade 280+313 = 593nu. > 33,801 auuwm

smuun = XXX (MWh) x 259k(kwh) x 37(bht) = 33,801 auum
uanun = 3,527 MWh

AsENTIINAIU maldinaeiduiinudiadala uia Loss of Load Expectation -LOLE fiazuausu
Wi dula 0.7 Sutu 11 unladluasarvuauauWenuidrdeninlnilhaasiszive PDP2022 aifu
i unutnaeidisas i 15% deariualimunsaniudsunasudalvilaihunlussuulauandu
-l = = as o = = 2 &5
Llavarnazdnisiddadrundvrrunaunuinszuuuauiande 50%aadn19udn lidnsiiue

atinv'lsAionu fladlwWilhazeasiinisanasiasnu Back upluszuuniugediueas
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Thank you
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