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Discharge Characteristics, 25 deg C

Cell/Pack Development+ Performance

evaluation/testing

Pack/system MTEC/NSTDA ’

Safety and Performance

Standardization

integration/optimization +
Governance sectors & Universities

& Private sectors

| l (Thai and International)

Materials and Cell Structure
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Resource transition

© MTEC 2018
www.mtec.or.th Highly Confidential — Do not distribute without permission 6



A on MTEL"

> Top 20 Green Tech Ideas, by Times Magazine DEC,2010

> Top 10 Emerging Technologies That Could Transform Our Future / Emerging
Energy Technologies That Will Change The World in 2014-2015

> Why?
» Global warming => Renewable energy and clean technology
» Price reduce

» Characteristics improve
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® Introduction to Energy Storage System
* Types
* Applications

® Battery storage system applications at demand side
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Storing / Charge:

One form of energy Energy storage system
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Supply/Discharge:

Electrical energy

____________________________________
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4 Groups (by storing form of energy)

( )
—  Pump Hydro
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Compressed Air
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Superconducting
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Synthetic Natural Gas
(SNG)

Thermal energy

storage

Superheated
liquid

Phase changed

mat.

— Adiabatic CAES

® All these technologies have been around for ages. Some over 150 years!
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1. Maturity of energy storage technologies

- Mature technology: Pumped Hydro Energy Storage (First start up in 1909)

and Thermal Energy Storages

- Lead-acid batteries: the most mature technology of secondary batteries

Capital requirement X technology risk
A

Capital requirement x technology risk

© MTEC 2018
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Flow batteries

Lithium-based batteries

Flywheel (high speed)
Molten salt

‘)\0 Flywheel (low speed)
Supercapacitor

Ice storage Sodium-sulphur (NaS) batteries

Superconducting magnetic
energy storage (SMES)

Adiabatic CAES
Hydrogen Compressed air energy storage (CAES)

Synthetic natural gas Residential hot water } l‘ Lead-aci ri

REaE (6 wills Siovie Underground thermal

energy storage (UTES)
Cold water storage &)\

Thermochemical

Pit storage

Research and Demonstration and
Pumped Storage Hydropower (PSH
development deployment Commercialization J
Current maturity level
@ Electricity storage  Thermal storage
) : ) o i . Source : Technology Roadmap: Energy storage, IEA
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2. Power to energy ratio and discharging time

1GW,

Mechanical ES:
Pumped Hydro,

ooMwW 1102 AT -
T S R I S S IR S 3 IR RS SR e T TR ST S s s Compresses air’ Fl.yWheel

10 MW .

s 1MW |

Esi
i

DLC Double Layer Capacitor
FES Flywheel Encigy Storege
HZ Hydrogen Storage
A Lead Acid Battery
10 kW LHion L ton Battery
Na$  Sosum Sulphur Battery
PHS Pumnped Hydro Storage
> REE Redox Flow Battery
I "7 1 SMES Superconduct. magnetic £S
1kw A kg ' NG Syrthetic Matural Gas by
0.1 oom\l, y‘ 1I0MWh 100MWh 1GWh  10GWh 100 GWh
Energy
Electrical ES: Electrochemical ES:
Supercapacitor Secondary Batteries => Pb, Li-ion, NiMH
Flow batteries => Redox-Flow
Fuel cell
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Installed capacity of energy storage (Worldwide operational project)
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Majority part 98% => Pumped hydro energy storage

Others technologies 2% => Thermal ES > Flywheel > Secondary batteries
Secondary batteries (500MW) => Li-ion (320MW) > Na based (101MW) > Pb
(49MW) > Nickel based (30MW)

INSTALLED CAPACITY (MW)

Flow batteries
- 20MW

ondary batteries

o 500MW

" Hydrogen 3MW

Supercapacitor Compressed air ES
21MW 434MW

Source : Chart made from DOE database (operational case), www.energystorage exchange.org
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Energy storage installations by April 2016 SR, MTEC

Group
[ ] A- Countries with 1-3 storage projects

[] 8- Countries with 4-10 storage projects
[T} ¢- Countries with 11-40 storage projects

[7 D - Countries with 41-100 storage projects

I &- US with over 100 storage projects 4}{{' W

© MTEC 2018 Source : DNV-GL
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Modified from: Electricity Storage Association

Hours

Energy
Management

Bridging
Power

Discharge Time at Rated Power
Min.

Sec.

1kW 100kW 10MW 1GW
Power Rating
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For large grid:
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‘ Generation |. | Transmission || Distribution |

— & o
| i

Commercial F »‘; Residential

& Industrial
Source : Electrical energy storage

Short duration Medium duration Long duration
< 2 min 2 min — 1 hour > Thour

GENERATION
SIDE

Provide spinning & non-spinning Provide replacement reserves
reserves - .
Provide black-start services

Firm renewable output

Perform price arbitrage
Provide frequency regulation services Avoid curtailment

TRANSMISSION
GRID

Provide system inertia

Smooth intermittent resource output

Improve system reliability

Defer upgrades

DISTRIBUTION

Defer upgrades
Mitigate outages

GRID
Improve power quality Integrate distributed variable renewable generation
Maintain power quality
END-USER Optimize retail rate
SIDE

Provide uninterruptible power supply

© MTEC 2018
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*%¥%* Smart Grid ****

***¥ Microgrid ****
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Power

Power Applications:
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Regulation

Spinning Reserve

Renewable Integration

Ramp Management

Requirements:

Very high Charge/Discharge Rates
Short Duration (<1hr)

Many cycles (100s per day)
Continuous use

Highly Confidential —
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Power {MW&]

nergy Applications:
[
E Discharge |
! Storage |

Day Time

Oofd:00  2:50:00  S:00:00 7000 10:00:00 13-30:00 15:00-:00 17:50.00

Peak Load Shifting

* Renewable Integration

— Firming, Shifting & Curtailment Recovery
*  Arbitrage
* T&D Asset Deferral

Requirements:

— Long Duration (1+ hrs)

— 1-2 cycles per day

Source: Courtesy of 24M Technologies
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ES connected to grid (indirectly) Today's Energy
Grid Storage Net Result
Frequency :
Regulation P i “ e '“‘x____ Increase efficiency
(Area Regulation) + p— Reduce CO, emission
ES depend on renewable generation
| s s Firm wind power
Wind N I'I + | E“ﬁ.l - Enable g(eater
l I oo D B penetration
Firm solar power
¥ il =L — | Enable greater
/ o TS penetration
Faster and more
Reserve \ e reliable reserve power
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New business and investment opportunities are emerging closer to the customer

Traditional model ,

v
- % B . . .. &

1
Generation Transmission Distribution Retaili ng Customer
1

and fuels i

Met
eter §

Future model \#&ﬂf
B B B N
' 1

1
Generation Transmission Distribution Retailing
]
and fuels i
]
Meter

Sources: Commonwealth Scientific and Industrial Research Organisation, 2013; “New Business Models for the Distribution Edge,” elab, 2013

Source: http://www.bain.com/publications/articles/business-and-investment-opportunities-in-a-changing-electricity-sector.aspx
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®* Integrated DSM = new Energy Efficiency
® 6 Solutions should be considered together

®* Energy Efficiency

* Demand Response Lighting Systems & Control

® Distributed Generation

® Storage
®* Electric Vehicle Battery Storage
® Price structure

Energy Managemen

Control Syste

Source: Lawrence Berkeley National Laboratory, Barriers and Opportunities to Broader Adoption of

Integrated Demand Side Management, November, 2017
© MTEC 2018
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Chart 3.3 Projected Annual Stationary Energy Storage Deployments, Power Capacity and Revenue
by Market Segment, East Asia & Pacific: 2016-2025

ESS market segments
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Value of ESS

Where? Which services?

ENERGY STORAGE VALUES VARY DRAMATICALLY

ACROSS LEADING STUDIES

Energy Arbitrage
Frequency Regulation
Spin / Mon-Spin Reserves
Voltage Support

Black Start

Resource Adequacy
Distribution Deferral

Transmission Congestion Relief
Transmission Defarral

Time-of-Use Bill Management
Increased PV Salf-Consumption
Demand Charge Reduction

Backup Power

aped vTEC

Service Value [$/kW-year]
$ $100 $200 $300 $400

l'lrtl le ' : ;
EOES E Il
:01 X E

Results for both energy arbitrage andload following are shown as energy arbifrage. In the one sfudy that considered both, from Sandia National
Laborgtory, both results are shown and labgled separately. Backup power was not valued in any of the reports.

®@rMiuct ®RMIUCH ™ RMIUCII M RMIUCIV HENYSERDA M NREL @ OncoreBrattle
» EPRIBulk ¥ EPRI Short Duration “® EPRI Substation ISun:liu X Sandia: LF

H Kirby

Source : Rocky Mountain Institute, The Economics of Battery Energy Storage

© MTEC 2018
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Where? => Behind the meter

Which services? - Back up power
- Demand Charge Reduction
- Time-of-Use Bill Management

- Increased PV Self-Consumption

Batteries can provide
up to 13 services to three
stakeholder groups

Energy
Arbltrage [/
K spin/

I Mon-Spin

Backup Power

PV Salf-
Consumpticn

Fraquency
Regulation

Centralized
sarvice not '

pos:-:l_ble

TRANSMISSION
DISTRIBUTION

BEHIND THE METER

Tima-of-Lsa
1 eill
| Managerment

Distributed

Distribution
Deferral

Rasaurce
Adequacy

Transmission

Deferral

Transmission
Congestion Rellef

© MTEC 2018 Source : Rocky Mountain Institute, The Economics of Battery Energy Storage
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- High value

- Short payback period

- Current tech. in market => Diesel generator / Lead batteries

- Emerging technologies = Lithium ion battery because of cost reduction and better

performance

Annual data center lithium-ion penetration in North America Behind-the-Meter Energy Storage System Cost Trends by

and Europe, 2016-25 (GWh); technology, Global Averages 2014-2024
‘ | s Flow Battery
s Advanced Lead-Acid
2,000 -+ . | s Lithium lon
1500 \‘\
2
4.8 - ‘;; 1,000
3v5 4.2 J—— S— L
11
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 = - : : : .
mlead ®Li-ion o e o
Bloomberg New Energy Finance Source: Navigant Research

© MTEC 2018
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—> To reduce electricity expense: energy cost + demand charge

A. Demand Charge Reduction => Try to reduce maximal power over a period ranging (15-

60 minutes)
Pqupplyl Zline
OT—==
Pma.'z:

Load levelling:

Suppry power

Load

t [hrs] t [min]
i 3
s .
; :
w
& P
8 £l
Source :
- Energy Storage Systems for Transport and Grid Applications, IEEE Trans. on Industrial Electronics, Vol.57 No.12
- ABB
© MTEC 2018
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—> To reduce electricity expense: energy cost + demand charge

B. Time-of-Use Bill Management => TOU rate, Reduce energy use => During low demand

or off-peak period (low price of electricity), energy storage is charged and it is used during
peak demand or on-peak period (high price of electricity)

Load shifting:

! ] =
Time-of-Use Schedule for Summer may 1 to octover 31) ’////|/| lpde_mand
. ‘ discharge
= |~ .
a v \
z b
8 &

- | onPeak NN %

: it P
12 1 2 3 4 56 6 7 B 8 1011 12 1 2 3 4 6 6 7 8 9 10 11 12
Night Morning ’ Afternoon _ Night . C h a r e
~ ~_ Time (h) S
Different tariff by season and country Off-peak On-peak Off-peak

Source : Energy Storage Systems for Transport and Grid Applications, IEEE Trans. on Industrial Electronics, Vol.57 No.12

© MTEC 2018 https://hydroottawa.com/accounts-and-billing/residential/time-of-use
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— Net-zero energy building/community => Residential bill management

Initial s Proposed; Try to minimize P_in

Load E

Connected microgrid

Residential Load [kW]

Time of Day

PV Consumed On-Site Battary Charging Battery Discharging Load with Storage == == Load without storage
= Solar Production == == Demand Chare 3kW Tier

Source: Rocky Mountain Institute, The Economics of Battery Energy Storage
© MTEC 2018
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® Mostly cost-effective for commercial and industrial customer
®* (Challenges:

® Still high upfront cost

® (Cost-effective for specific customer/load behavior

®* Depends on tariff and regulation

® Lack of data/load profile

B City A = CityB M City C Secondary Large Large

. - ) school office hatel
BGityD MCityE MCityF Large Large Medium  Small
office office office hotel

e W U i— i_.i 80

" x Home/Small building

‘ Industrial/Community/
40 Large building

Naormalized profitability, $ per kWh per year

T STHEREHA L 1 1 1AL | i ) e | Bl i 1] EEE—-80
Optimal battery size, kWh 70 150 70 170 70 90 30
kKWh KWh KWh kwWh KWh  kWhkWh

“10 KWh 100 kKWh

= 58% of profitable buildings represent 71% of total demand

= Average optimal battery size of 31 KWh for profitable buildings

MceKinsey&Company

Source: https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/the-new-economics-of-energy-storage
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® In some country, Energy selling from surplus PV > Electricity tariff => Discourage ESS
implementation
® Reduce amount purchased energy from grid => Opposed by some utilities => Restrictive

regulation

ENERGY SELLING

" SURPLUS N

{ﬁ\ 7~ _Eusngv'

Reduced level of
energy purchase
assisted by storage

battery

Level of Solar
Energy Created

Energy Consumption

[T —

NIGHT TIME

Flgure & BATTERY
STORAGE

Hours Available for Discharge

*The Battery doss not discharge aoy energy while selling the surplus solar energy,

Source: ESS magazine, Utility Scale Battery Electrical Energy Storage System — Its Time Has Come in India
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Low firm 7
capacity ‘,-—""-— """""-..,ﬁ‘ Archetype Ill: Moderate renewable penetration,
margin ’a" ""~.\ low capacity margin, Large size systems
1', ".. ?--“"‘s. \\\
Y4 " REUNIOT \.\ \
o »#” United Kingdom % %
/
,’-:_‘_.;,f._ = “ﬁ Archetype IV: Moderate renewable penetration,
[} A el # ; H
Iceland Eirtiird 1' ,f “ ‘I low capacity margin, small size systems
I
. [ 1 11 i X
Franig (! ! : Higher potential for battery storage
Saudi Arabia New York I‘ “ I
: ke 1
South Korea "\ "‘ aly Belgium Greece L I g
\ Poland ' -‘f 7 I
\\ Al California ’ ,’ P e
4 - ~
FYR of Macedonia \\\\ - @ 4 s~ e
\\\\ = ’, = | \\
UAE N T Ve \
Il Serbia Bulgaria e i I 1
Sweden Netherlands l @ Denmark :
\ !
Norway Hungary \\ ;’
\ e
e Spdn}l
Austria Na 25
.~ - ‘f
Croatia ‘*l-____-"
Turkey Archetype II: High renewable
Bosnia Herzegovina penetration, moderate capacity margin
Romania )
Czech Republic
K b Slovakia
High ﬁ]"m Uxembourg
capacity Slovenia Lower potential for battery storage
e e Estonia
Low renewable Household retail price: High renewable
PENEEN 0,25 cents/kWh . . < 0,1 cents/kWh pericenatwn
Bubble size indicative of system
size (electricity consurn
Source: Arthur D. Little, Battery storage: Still too early?
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Because of high capital cost, ESS should support more that one services in order to

increase values.

$700:

) $6001 —
Commercial demand-charge g-.‘E“ $500.

management in San Francisco. Primary service: £ § $100 -
commercial demand-charge management. Secondary Eﬁﬂ $300-
services: frequency regulation, resource adequacy, EE $2001
and energy arbitrage. $100

5':' L] L}
Revenue Cost

$12,000
& $10,000/

Residential bill management in Phoenix. P -

= o —
Primary service: time-of-use optimization / demand- E $8,000
charge reduction. Secondary services: a suite of ISO / = 96,000

RTO services and resource adequacy. E $4,000- ]
O $2,0007
$0

|
Revenue Cost

ISO/RTO SERVICES: M Load Following ™ Frequency Regulation | Spin Reserve  Non-Spin Reserve Ml Black Start
UTILITY SERVICES: B Resource Adequacy ' Dist Deferral CUSTOMER SERVICES: TOU M Salf-Consumption ™ Demand Charge Reduction
COSTS/TAX: M Capital Cost O&M & Charging M Tax Cost M Tax Benefits

Source: Rocky Mountain Institute, The Economics of Battery Energy Storage
© MTEC 2018
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®* Energy storage have opportunity in behind the meter market
® Demand charge reduction
® PV self consumption
® ESS will be cost-effective in near future without subsidize
because of cost reduction of battery

® However, need changes in tariff structures, policy and regulation
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