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The Role of Energy Storage and Benefi

E 3 Contingency Service Area Control g|ackStart
4 i.; Ger_1ercj:1tior+ Conventional commodity _Storage
= Spinning ReserveFrequency Regulation

e Y
=P
" g

- Off-grid applications
& Generation Renewable

Energy Balancing Smoothing & Ramping

Dispatch

~ System Stability
Transmission and DistributioMoltage Regulation
Asset Deferral

| Energy Management Peak Shaving
Energy Service

Power Quality
Power Reliability

V Reduce the need for
additional transmission
assets

V Be the preferred supplier of
ancillary services

V Provide better integration
of renewables into the
system

V Support more efficient use
of existing assets

V Improve the reliability of
electricity supply

VIncrease the efficiency of
existing power plant and
transmission facilities

V Reduce the investment
required for new facilities
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Market size to 2030
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Feasibility of
implementation

Calculations based on estimated storage prices for 2015-2020;
price decreases would improve profitability in all cases

Source: BCG analysis.
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*A-CAES is the second generation of CAES technology. It includes a thermal storage unit to avoid thermal energy losses during compression and
decompression, thereby potentially increasing round-trip efficiency to approximately 70 percent. The technology is not yet mature and faces several
challenges.

Expected IRR of 7 percent or more.

Cumulated market potential per

Cumulated mar ket potential

Market potential of the storage
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technologies ST

U Batteries will account for half the market 2w/

Currently ! ’ 216 GWh
installed: |

in terms of power but significantly less in it i
terms of capacity |
U Batteries will represent 50 percent of O B oot e

sulfur [ Sodium-sulfur

cumulated market potential to 2030 TR 3 tiamion

Source: BCG analysis.

*Without price arbitrage, driver trees based on 2030 values, 2015 technology costs.

2The future split between pumped hydro and CAES will be driven largely by site restrictions; the gradual replacement of both technologies by
hydrogen storage is expected after 2020.
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Why batteries?
C Pumped Hydro needs
large scale installation with ==~
heavy environment impact (@
C CAES and Flywheel have. ’
reduced size respect
pumped hydro but not
respect batteries. They need &=
complex balance of plant. ¥

e

operating costs and life cycle. Optimum in
applications with fast interventions.
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Applications and requirements

Application Use/Duty Cycle Application

Long Duration storage, frequent discharge 1 cycle/day Load-Levelling, source-following,
X arbitrage, Distribution Deferral
250 daysl/year

Long Duration storage, infrequent discharge 20 times/year Capacity credit,
Short-duration storage, frequent discharge 4x15 minutes of cycling Frequency or area regulation

X
250 days/year=1000 cycles/year

Short-duration storage, infrequent discharge 20 times/year Power quality, monetary carry-over

Application Storage Support Time
Frequency Regulation 1-5 minutes

Spinning Reserve 15-20 minutes

Distribution Upgrade Deferral 1-4 hours

Demand Management 15 minutes 1 1 hour

Power Quality Seconds to 5 minutes




V Lithium based
V Metal tAIr

V Redox-low Batteries
V Sodium based




