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Figure 2.1 » Share of VRE generation in 2014 and 2020 for selected countries
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Source: Adapted from IEA (2016a), Medium-Term Renewable Energy Market Report 2016.

BERIZGE ; IEA, Next Generation Wind and Solar Power — From cost to value, 2016.
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Figure 2.4 » The integration challenge

Properties of VRE Flexibility of other power system components
Variable and not fully predictable output : Flexible
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N market and
Smaller scale and distributed regulatory
HENETS Storage Demand side

Uses power converters to connect to grid

Key point » The integration challenge is shaped by the interaction of VRE properties, the flexibility of the
overall power system and the policy, market and regulatory frameworks that govern this interaction.

BERIZGE ; IEA, Next Generation Wind and Solar Power — From cost to value, 2016.
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Key point: WRE can facilitate system integration in combination with improved operations and
investment in flexible resources.

ERIE : IEA, Next Generation Wind and Solar Power — From cost to value, 2016.
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ERHIR : ecofys-2014-energy-storage-white-paper
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Figure 3: Maturity of energy storage technologies

s
Flow batteries

Flywheel (high speed) Lithium-based batteries

Moalten salt % Flywheel (low speed)
Supercapacitor

Ice storage Sodium-sulphur (Nas) batteries

Superconducting magnetic
energy storage (SMES)

Adiabatic CAES
Compressed air energy storage (CAES)

Synthetic natural gas Residential hot water
heaters with storage Underground thermal

energy storage (UTES)

Cold water storage hk

Hydrogen

Thermochemical

Pit storage

Capital requirement x technology risk

Pumped Storage Hydropower (PSH)

Research and development Demonstration and deployment Commercialisation
Current maturity level

@) Electricity storage ) Thermal storage

ERAR : IEA Technology Roadmap Energy storage_2014
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Power rating Discharge Cycles, or Self-discharge Energy density  Power density Efficiency Response time

(MW) time lifetime {Whil) (W)
Pumped Hydro 100 -2500 4 - 16h 30 - 60 years ~0 02-2 n.1-02 70 = 85% 10 5 =min
Compressed Air 10 =1000 2=30h 20 =40 years ~0 2=5 N.2=06 0 =T0% min
Flywheals 0.001 =20 SEC = min 20000 = 100000 1.3 =100% 20 =80 5000 70 = 95% < SEC
Li-ion battery 0.05 =100 1 min = 8h 1000 = 10000 0.1=03% 1200 = 400 1300 = 10000 BE = 95% < SEC
Lead-acid battery 0.001-100 1 min = 8h 6 = 40 years D.1=03% 50 = 80 50 - 700 B0 = 90% < SEC
Sodium-sulphur battery 10=100 1 min = 8h 2500 = 4500 0.05 = 20% 150 = 300 120 = 160 70 = 90% < SEC
Flow battery 0.1=100 hours 12000 = 14000 0.2% 20 =70 N5=2 B0 = 85% < SEC
Superconducting Magnetic | 0.1-=1 Ms = SeC 100000 10 =15% ~ 6 ~ 2600 B0 = 95% < SEC
Supercapacitor 0.01=1 Ms = min 10000 = 100000 20 = 40% 10=20 MOD00 - 120000 B0 = 95% < SEC
Hydrogen 0.01=100 min = week 5 =30 years 0 =4% 600 (200bar) 0.2=20 25 = 45% REC = min
Synthetic Natural Gas 1=100 hour = week 30 years Negligible 1800 (200bar) N2=2 25 = 50% REC = min
Molten Salt (latent thermal) 1=150 hours 30 years nia T0=210 n'a B0 = 90% min

€ . Rt 3 § £ Energy Storage capacity/kWh @ Bt k Sueni it RRE G E o
@ E2Pratio : i Energy to Power ratio (ESP=MWh/MW-=hr) » 4p & **discharge time °
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Energy capacity

ERIHR © WEC, E-storage: Shifting from cost to value, 2016.
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ACROSS LEADING STUDIES
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EMERGY STORAGE WALUES VARY DRAMATICALLY
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L aborafory, both results are shown and labsl ed separately. Backup power was not valued in amye of the reports
RMI LW I

» EPRI Substation

* Sandia: LF

fl3JE - Rocky Mountain Institute, The Economics of Battery Energ

RMIUC IV EE NYSERDA B NREL @ Oncore-Brattle
I Sandia

Reswlts for both ensrgy arbitrage and lood fallowing are shown as energy arbifrage. In the one sfudy thot considered both, from Sandia National

H Kirby

Storage, 2015
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USE CASE | MODELING RESULTS

BUILDING-LEVEL LOAD BEFORE AND AFTER ENERGY STORAGE DEPLOYMENT

£ - g - ',T_F} ;j’ A [ P | 4 y—-_ \ ’
ao B TE T AR PE EHS pp’ﬁféi\’lﬁ 00
FETLI- 0, 7 25 A0 £ %, o A
200 - l#‘?_, ‘ﬁ“ﬁ s PRIFT 0 T ol i SGIP* ’;I\:E‘] Ao 5 \.‘fb}i #L» @ $600 - |
gy R PR £€ ssof N
E ?; £ ¢ i f‘ES h ?‘T % $400
g,—E $300 -
1011 OO OO . S = £200
H100
500 KW tarlff tler $0 — T ps—
500 dl— e e =
— Percentage of hours enaergy storage Iis
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8
- Load
E! Follo!\f'lng
g 300 o N =23
3
Ju]
0 T T T T T T T T T T T T T T T T T T T T T T T 1
1 3 5 7 9 il 3 15 17 19 2 23 Adequacy 3% Reserve 2%
Time of Day
M Load Following Freqguancy Regulation Spin Researve
B Resource Adecuacy Demand Charge Reduction
Battery Charging Battery Discharging == == Tarif Threshold === Load After Storage Load Before Storage B Capital Cost B Capital Cost

O o&am & Charging M Tax Cost H Tax Benefits

E R : Rocky Mountain Institute, The Economics of Battery Energy Storage, 2015.

Copyright 2017 ITRI 1 ¥ 67 7 I



Fgae B 3 B(2)

% ]2 : Distribution Upgrade Deferral In New York

LXK K B ConEdii R e ) 2 X JRAL B € 5BQDM3+§  USE CASE Il MODELING RESULTS

BQDM SYSTEM-LEVEL LOAD BEFORE AND AFTER DISTRIBUTED ENERGY STORAGE DEPLOYMENT

P = 8 sy 2 >z . B e C NN [ $3004
HgERTHRFTIAIRE R BRI A H L WA R TR -
ALRTEE D% KA 0 Tk ¥ EELDRAGE M 3£ sa0o
& SLEn g —"‘1* ]‘\ ﬂk%m]m:éﬁ‘g,éﬁl,_ &‘3‘_’115\,;: » B ES  s$150- e
850 4 "vg Ly O S ;!z e A £#  si100
Ed J%r rh\nmsb ,,« I S R /ﬁ JR A% f\&;‘ b & . I
Revaenua Cost
Ly B X 1 1 1 3 F F 1 21 3 § ¢ 1 1 1 3 ' F 1 JT.4 31 T ] e X £ 1 T ¥ Y T T 1 1 1 T = © & 1 3
E‘ TBO e Percentage of hours energy storage is
£ ‘_-"' dispatched to each service
TN /
g % r Resource
a LY " Adequacy 3%
P - F Spinning Non
g o S -u-l"" Resarve 4% Spinning
3 \ Resarve
&
g 550
E
E
@ 500 |
45’0 T T T T T T T T T T T T T T T T T T T T T T T T
1 3 B 7 9 il 13 15 7 19 pi | 23
Time of Day

M Load Following Frequency Regulation Spin Resarve
Energy Storage Load managment == == Substation Capacity Substation BAU Load Load After EE == == Load After ES/EE/LF Non-Spin Reserve M Black Start Ml Resource Adequacy
Dist Deferral B Capital Cost
COosam & Charging B Tax Cost H Tax Benefits

ERARIR : Rocky Mountain Institute, The Economics of Battery Energy Storac
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USE CASE Ill MODELING RESULTS

% 5|3 : Residential Bill Management In Phoenix
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E R : Rocky Mountain Institute, The Economics of Battery Energy Storage, 2015.
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Storage - - Ancillary
Storage - ) Distributed Electricity ) Demand )

. subsidies, Wind, solar i TOU prices services

experience tangets energy price level charges market
u.s.* (@) C] G ) O O O O
UK. O O (C) O L)) G o O
France 0 O 0 0 o 0 o 0
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spain o O O o G G o 1))
italy () O O O ] o () [ )
China o 0 . o 0 o 0 0
Japan . o o o . . 0 o
Australia o O . . o . . O

*Mote: U.5. ratings represent high value regions such as California, not national averages.
Source: Azure International, 2014

ERIZE - Azure International, Energy Storage World Markets Report, 2017.
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2016-2020
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® Pumped hydro storage = Thermal Storage = Hydrogen storage

u Electro-chemical

Electro-mechanical

Japan Switzerland Spain India United States ~ Korea, South  Germany France Iy




IR A ERERT H(1)

Bt e d o 2N S BiE2 108 R £ S K > 2003-
2013 % % -7 3o K & %5 24% o

B 2011# F1 % Wpc A FHE BT eI P AR E > BEEPHH e o
Moo R R E S R RIPM I S E > 2011-2013F 9 £ K 5 32% o

GLOBAL ADVAMCED ENERGY STORAGE CAPACITY AND MARKET GROWTH 2003-2013
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ERIZE - Azure International, Energy Storage World Markets Report, 2017.
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BRZGE  Azure International, Energy Storage World Markets Report, 2017.
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INSTALLED CAPACITY BY ES TECHNOLOGY IN 10 COUNTRIES
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Source: Azure International

BERIFEE - Azure International, Energy Storage World Markets Report, 2017.
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ERIHR : Lazard, Lazard’ s Levelized cost of Storage-version 2.0, 2016.
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ERIHR : Lazard, Lazard’ s Levelized cost of Storage-version 2.0, 2016.
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ERIHR : Lazard, Lazard’ s Levelized cost of Storage-version 2.0, 2016.
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FIGURE 5: SPECIFIC INVESTMENT COSTS, STUDY PERIOD 2015 AND 2030 FIGURE 6: LEVELISED COST OF STORAGE STUDY PERIOD 2015 AND 2030
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