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What is ESS? (Schematic)

: ]
1 [

: BESSI SM BOS I PCS
]

(1]
s
/s

SM Storage Module
Rack Level System (DC)

BEESS Battery Energy Storage System
Contamenzed System (DC)

ESS  Energy Storage System

Complete System

Unit : (PCS) MW/(BESS) MWh

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016




What is ESS? (Architecture)

EES System boundary
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<——> Power flow
<----> Data flow
——=> Environmental conditioning

From: Battery Energy Storage Study for the 2017 IRP, PacifiCorp, 2016




Why ESS?

1) Power System Transition

“ Centralized Power System Distributed Power System

Baseload Plant
+
Intermediate Load Plant
+
Peak Load Plant

Generation

Reliability
Keyword
Stability

Generators

Core Facilities T&D Facilities

Gas (Co-Gen and Tri-Gen)
+

RE
+

DER (ESS, EV, DR etc.)

Flexibility

RE
DER (ESS, EV, DR etc.)




Why ESS?

2) System Efficiency Increase

= Any system without storage has very bad system efficiency

A TYPICAL DAILY DEMAND PATTERN

Peak load
Power (M)
1,400
1,200
1,000
800
Intermediate load
600

400

200 Base load

L]

0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time of tha day (h)

© | Wil | POWERG ERAFRICA STHE o

Image from www.google.com




Why ESS?

3)

Digitized Output

10

Output (MW)
o

-10

' Ramp- !
1 . limited
. Ramp-limited : . lagging .
1_resource matching ! ! Dispatch !
. Ramp- . ' Dispatch Signal ! . Signal :
: limited . : ! :
. resource ' ;
: lagging ' 7
. Dispatch i\
' Signal :

\

V

L~

\

/

o
by

\\4

ABEB battery energy storage system
precisely followin Dispatch Signal

=== Dispatch Signal

Ramp-limited Resource Response

= ABE Storage System Response




Why ESS?

4) Good Solution for DMCs

Image from www.google.com




Why ESS?

5) Business Opportunity

Previously, there was one
major industry investing in
batteries....

.IU

Consumer Electronics

8 - 10% CAGR

20 - 30% CAGR

Replicating Success

i

>30% CAGR

m 8
= ]

>15% CAGR

From: Global Lithium Market Outlook, ALBEMARLE, 2016

L




Types & Characteristics

Source: PwC, 2015.

CAES is Compressed Air Energy Storage; LAES is Liquid Air Energy Storage:; SNG is Synthetic Natural
Gas.

Pumped-

storage
Hydropower

Thermo- Hydrogen Lithium-lon L Super-
chemical jg Storage Battery capacitors
Lead Acid

Battery

Latent
thermal BN NaS Battery

Sensible
thermal —

Flywheels

Redox flow
Battery

From: World Energy Resources, WEC, 2016




Types & Characteristics

Sources for technical parameters: ISEA Aachen (2012), Fraunhofer IWES, IAEW Aachen, Stiftung Umweltenergierecht (2014)™: Sources for Economics parameters: Agora Energiewende (2014),
ISEA Aachen (2012), Fraunhofer IWES, IAEW Aachen, Stiftung Umweltenergierecht (2014), PwC research.

Parameter Unit

Technical parameters

Rated power (kW) Up to =1 000 000 Up to 320 000 Up to 600 000 Up to 10 000 Up to 34 000

Efficiency (%) 75-80 60-70 50-70 80 - 92 75-80

Technical lifetime

Economics parameters

Operation costs (%*Invests) 1542 1,5-2 1-2 15-2 1,5-2

"Assumption: Pumped hydropower storage with E2P Ratio of 4; Compressed air with E2P Ratio of 6; Liquid air with E2P Ratio of 6; Lithium battery with E2P Ratio of 1-4; for both application cases:
4; NaS battery with E2P Ratio of 6.

From: World Energy Resources, WEC, 2016




Types & Characteristics

Sources for technical parameters: ISEA Aachen (2012), Fraunhofer IWES, IAEW Aachen, Stiftung Umweltenergierecht (2014).

Sources for economics parameters: Agora Energiewende (2014); IEA-ETSAP; IRENA (2013);ISEA Aachen (2012); Fraunhofer IWES; IAEW Aachen; Stiftung Umweltenergierecht (2014), PwC
research.

Parameter Unit

Technical parameters

Rated power (KW) Up to 70 000 Up to 10 000 Up to 100 000 1 <500

Efficiency (%) 65 -90 70 -80 75— 100" 90 — 94* 80-95

Technical lifetime

Economics parameters

Operation costs (%*Invests) 1:5 2 15-2 1.5-2 152 15-2

"Assumption: Lead acid battery with E2P Ratio of 1-4; for both application cases: 4; Redox flow battery with E2P Ratio of 1-4; for both application cases: 4; Thermochemical with E2P Ratio of 6;
Supercapacitors with E2P Ratio of 0.25; Flywheels with E2P Ratio of 0.25. **Thermal efficiency

From: World Energy Resources, WEC, 2016




Types & Characteristics

Source: PwC, 2015, following Sterner et al. 2014

1 year

1 month

Thermal Energy : Pumped
Storage Hydro

[
(ol
7]

~

LAES
1 hour Batteries

1 min

Discharge time at rated power

Super-
capacitors

]

1 10kWh 100 1MWh 10 100 1GWh 10 100 1TWh 10 100
kWh kWh MWh  MWh GWh GWh TWh  TWh

Energy capacity

From: World Energy Resources, WEC, 2016




Types & Characteristics

Duration and frequency of
power supply

Supercapacitors
Flywheels

Batteries
Pumped Hydro
CAES / LAES

Thermochemical
Redox Flow

Sensible /

Latent thermal
PtG

From: World Energy Resources, WEC, 2016

. Grid services

. Compensation for day-
night load imbalance

. Peak shaving, valley
filling, load shifting

. Correction of forecast
errors of renewable
producers

. Prevention of re-dispatch

. Opportunity of spot market
price fluctuations

_________________________

Future application to
bridge periods of low wind
and photovoltaic
generation

. Seasonal storage for
thermal energy




How to Choose?

100,000 .day

10,000 =
----- {hour

Flywheels

1,000
quE 000 minute
10 5 -

1

0.1- Batteries Pumped Hydro

0.014

Discharge Time at Rated Power (s)

Capacitors
0_001 T I b lev i | T L I B Y | T | LEEEE] T T
o =
= o - = S 3 S
o . = <
— o
—

System Power Rating (MW)

From: http://www.climatetechwiki.org/technology/jiqweb-ee




How to Choose?

COMPRESSED
ATR

FLOW
BATTERY*

FLYWHEEL

LITHIUM-ION#*

PUMPED
0

SODIUM?

SELECTED COMPARATIVE ADVANTAGES

SELECTED COMPARATIVE DISADVANTAGES

Low cost, flexible sizing, relatively larpe-scale

Matare technology and well-developed design

Leverages existing gas trhine technologies

Power and energy profiles highly and independently scalable (for technologies other
than zinc-bromine)

Designed in fixed modular blocks for system design (for zinc-bromine technology)
No degradation in “energy storage capacity”

High power density and scalability for short duration technology; low power, higher
enerey for long-duration technology

High depth of discharge capability

Compact design with integrated AC motor

Matare technology with established recycling infrastructure

Advanced lead-acid technologies leverage emsting technologies

Multiple chemistries available

Rapidly expanding mammfacturing base leading to cost rednctions

Efficient power and energy density

Matare technolopy (commercially available; leverages existing hydropower technelogy)
High power capacity solution

High temperatre technology: Relatively mature technology (commercially available);
high energy capacity and long dnration

B Low temperature technology: Smaller scale desigm; emergang technelopy and low cost

potential; safer

Low cost, flexible sizing. relatively larpe-scale
Power and energy ratings independently scalable

Leverages mature industrial eryogenic technology base; can utilize waste industrial heat
to improve efficiency

B Currently quoted as low cost

Deep discharge capability

Requires snitahle geclogy
Relatively diffienlt to modularize for smaller installations

Exposure to namral gas price changes

Power and energy rating scaled in a fized manner for zinc-bromine technology
Relatively high balance of system costs
Reduced efficiency due to apid clmge[d:.schmge

Relatively low energy capacity
High heat generation
Sensitive to vibrations

Poor ability to operate in a partially charped state

Relatively poor depth of discharge and short lifespan

Remains relatively high cost

Safety issues from overheating

Requires advanced mannfacturing capabiities to achieve high performance

Relatively low energy density
Limited available sites (1.e.. water availability required)

Althongh mature, inhecently higher costs—low temperature batteries cucrently
have a higher cost with lower efficiency
Potential flammability issnes for high-temperatire batteries

Technology is pre-commercial
Difficult to modularize for smaller installations

Cugrently nnproven commercially
Lower efficiency

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016




How to Choose?

Compressed Air 5116 5140
Flow Battery(V) $314 5600
Flow Battery(Zn) 5434 5540
‘T'RANSMISSION Homy B@?;OJI.“ — 5340 o) 5630
= Lithinm-Ion"
ST, Pianped Fihns s152 5198
Sodmm® $301 5784
Thesmal $227 $250
Zine $262 3438
Flon Battery ) $441 3617 %  so57 @ 3919
Flow Battery(Zan) $448 $563 ® 3627 @ §759
Flow Battery(O) $47 $626 & 5704 & 3085
Fywheel $342 $479 @ $535 ¢ §$778
Lithinm Ton™ 5285 5399 & $581 @ 3813
Sodmm® $320 8447 @ $803 ® 31124
Thesmal $200  $348 #8406 & $487
Zinc $277 33830 3450 & 3638
[ 3507 & $508 @ $1.051 $1,251
$159 ®51909 8233 $277
8516 $770
$524 $564
$524 $828
DISTRIBUTION M:fzs =G =
SUBSTATION 5345 3657
$385 $050
3707 3862
3404 §542
$779 51,346
$601 5083
DISTRIBUTION 5708 $1,71
FEEDER $332 $1,014
5586 51,455
3515 3815
50 1200 5400 $600 $300 $1.000 $1.200 §1.400 £1.800

Levelized Cost (3/MWh) | @ Low/High (8/1W-year)”

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016




How to Choose?

MICROGRID

Flywheel
Lithinm-Ton(

$332
3372

3441
3507

Flow Battery(V)

Flow Battery(Za)

Flow Battey(O)
Flywheel ™

Lead-Acid
Lithinm-Ton™
Sud.iumr“

Zinc

$728
3845
5673
3643
5705
5608

3683

$735

$1,107

51,286

51,004
$863
$1,145
$023
$1,180
$1,030

COMMERCIAL &
INDUSTRIAL

Flow Battery(V)

Flow Battery(Zn)

Flow Battecy(O)

Flywheel

Lead-Acid
Lithinm-Ion®
Sud.iumr“

Zine

$779
§741
$789
8623
5648
5530
5580
5515

51,164
$1,241
$1,245

51,011

51,142
$1,367
5811

51,612

Flow Battery(Za)
Lead-Acid

Lithinm-Ton™

Sodinm

$1,208

51,234
51,506

$1,462

51,712

$1,837

|‘||%%%%%%%%%%%%%“‘l

Flow Battery(Zn)
Lead-Acid
Lithinm-Ton'

Sodinm'®

$1,241
$1,025

5800

51,476

$1,496

$1,476

$1,668

$2,186

30

5200

3400 £600

$500

£1,000 $1.200 £1.,400

Levelized Cost ($/MWNh) |

$1.600

From: LAZARD’S LEVELIZED COST OF STORAGE - VERSION2.0, 2016

$1.800

£2,000

$2.200

£2.400



Application Rankings for CAISO Market Rules Scenario

HOW tO Choose? (Example of Developed Country)

Current Market Scenario

Application Li-lon | Li-lon Li-lon -
NCM LifePO4 LTO Nas VRB ZnBr Zinc-air
Electric Energy Time Shift 9 8 8 9 8 8 7
Electric Supply Capacity 9 9 9 9 8 8 7
Regulation 9 9 9 9 8 8 7
Spinning, Non-spin, 3 3 9 3 3 s 7
Supplemental reserves
Voltage support 7 8 8 7 6 6 6
Load followi i
oad following / ramping g g g 8 8 8 -
support for renewables
Frequency response i 7 8 7 6 6 5
Transmission a.nd d|s_tr|but|on 5 - . 5 g - -
congestion relief

From: Battery Energy Storage Study for the 2017 IRP, PacifiCorp, 2016

V vears



HOW tO ChOOSE? (Example of Emerging Country)

Estimated Fuel Savings and System Costs of Energy Storage Technologies in
Remote Microgrids by Battery Type, World Markets: 3Q 2016

Installed Cost Est.Annual O&M Avg. Round-Trip Est.Annual Fuel Est.Annual Fuel

Battery Type (s/kw) Cost ($/kW) Efficiency Savings (L/kW)  Savings ($/kW)

Zlgmgit;;?: 2,300.2 311 70% 1.680 1,831.2
Eli‘;g‘igigilw: 2,874.4 34.5 70% 1,680 1,871.2
ﬂf;‘;ﬁgf:fall'sad'ﬂdd: 2,003.5 66.2 80% 1,920 2,092.8
g?;;?;:iii;ead'ﬂdd: 3,284.5 66.8 80% 1,920 2,002.8
Is'iéni:m lon: Utility- 2,062.0 47.3 0% 2,040 2,223.6
ISELLTS;:_EQ 2,150.3 0.8 0% 2,040 2,223.6

{Source: Navigant Research)

From: Energy Storage Trends and Opportunities in Emerging Markets, IFC, 2017




Grid Applications

Production

Energy & Power

1-10MW

Renewables
Capacity Firming
Smoothing, Shaving

Transmission

High Power

10-50 MW

Ancillary Services
Frequency Control

Distribution

ey ESS =

Energy & Power

100 Kw - 1MW

Load Management
Peak Shaving
Voltage Control

From: Energy Storage System: Challenges and Opportunities, CEM, 2014

Consumption

Energy

5—-50 kW

Time Shifting
Local Energy
Management




Grid Applications

Duration of Storage
Discharge Time at Rated Power

Seconds

Hours

Minutes

Reliability Services Ancillary Services

Power Nom
Quality & | Frequency Regulation Spinning Spinning
Voltage | Response Reserves

Reserves
Support

Compressed Air Energy Storage (CAES)

Sodium Sulfur Batteries

Flow Based Batteries
Advanced Lead Acid Batteries

Lithium lon Batteries

Flywheels

Supercapcitor

Image from www.google.com

Hydro Pumpedstorage [ ENNEERERRRR 1o pumped storage




Grid Applications

Load Levelling
1 cycle/day Load Following
250 days/year Arbitrage
Distribution Deferral

Long Duration/Frequent Discharge

Long Duration/Infrequent Discharge 20 times/year Capacity Credit

4x15 minutes of cycling

Short Duration/Frequent Discharge Frequency or Area Regulation

250 days/year
Short Duration/Infrequent Discharge 20 times/year Power Quality, Monetary Carryover
Frequency Regulation 1-5 minutes
Spinning Reserve 15-20 minutes
Distribution Upgrade Deferral 1- 4 hours
Demand Management 15 minutes — 1 hours

Power Quality Second to 5 Minutes




(d Renewable Energy Integration

Application Examples

Demonstration for W/T output smoothing

Deployment by ESS specific REC policy for W/T output time shift
- (Wind Power) REC 1.0 — (Wind Power + ESS) REC 5.5*

* REC(Renewable Energy Certificate): (2015) 5.5, (2016) 5.0, (2017) 4.5

Demonstration

1REC=1MWh

Deployment

Jochun Substation
In Jeju Island

. AMW/8MWh

. Integration : KEPCO

. PCS : Hyosung

. Battery : Samsung SDI

<Smoothing>

w [ il
AN B\

- 94MWh installed,
- More than 190MWh being planned

Ex) Youngyang W/T Generation Farm
W/T 60MW, ESS 17MW/51MWh

<Time Shift>

0
1 Peak Peak
(I YF S




Application Examples

1 Frequency Regulation

- R&D for Market based FR Service
- KEPCO has been procuring ESS for FR

Demonstration Procurement by KEPCO

Demonstration FR Function &

Design market structure for FR service mmm
Mw 52 184 140 124 500

- KPX(Korea Power Exchange) - Leading 1SO e S70 1,800 | 1,400 | 1,240 | 3,050

- Research Institute — KERI:Koica Flectrotechnology Rescarch Institute]

- Industry - LG Chemistry, SK Innovation, LSIS, Hyosung m Seo-Ansung FR ESS | Shin-Yongin FR ESS

- Uni\fersity - KPU (Karea Pobpechnic University) PCS 28MW 24MW
BAT 7MWh(15 Minutes) 12MWh(30 Minutes)
Usa Primary Frequency Secondary

ge Control Frequency Control
— : YL iy Pano
: SIS _l_i};‘ . ramic
_ gy Phoio
geph

FR ESS Operation Cantrol Conter MW 4MWh Li-len Batters
it Honam Generatirs




Application Examples

d Demand Side Management

- Demonstration both in domestic and overseas area
- Deployment by Subsidy policy & Self-Promotion among ESS Players

Demonstration Deployment

v 1MW/1MWh for HHI" PV factory . 55MWh installed by subsidy of 50~75%
- . More than 50MWh installed at Samsung, LG
Group's buildings and factories

Ex) 0.5MW/1.7MWh for A company’s HQ

v 50kW/110kWh 3sites, commercial building
in CA

Usc La Kretz
Innovation Campus




Application Examples
O Microgrid

- Demonstration & Deployment for Island Microgrid
- Demonstration for Campus Microgrid

Island Microgrid Campus Microgrid
- MG : Renewables(W/T and PV) Diesel Gen. - Site : Seoul National University
+ ESS Engineering Department Building

- 12MWh installed, 40MWh planned
ESS : IMW/1MWh

Ex) Gapado 1IMW/1MWh ESS included




Application Examples

d Others

- Demonstration
. Demand management + UPS or Emergency generator
. Demand management + Ancillary service

UPS, emergency generator replace by ESS Ancillary service
. Maximizing revenue stream by multi use o )
. Emergency generation, UPS function . Maximizing revenue stream by multi use
. ESS’s own function ; demand management . Demand management(payback 7years 1)

. FR (payback 3years |)

ESS : operation power for ESS’s own function
+ reserve for emergency

—

—=— Ancillary service
including FR

I].;El]l]lfi
11111

Demand management

Emergency Gen |}




Recommendations

U Develop Policy & Regulation to promote ESS installation in DMCs

= Valuation and Markets
= Regulatory Treatment
= Development Risk

[ Consider ESS installation to the Project

=  Generation Project

= Renewable Energy Project
=  T&D Project

=  Microgrid Project

= Building EE Project




Thank you




