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U.S. Electric Power Generation by Energy Source
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China Electric Power Generation by Energy Source
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Global warming relative to 1850-1900 (°C)
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Likely range of modeled responses to stylized pathways
Global CO: issions reach net zero in 2055 while net
dia 1g is reduced after 2030 (greyin b, c &d
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results in a lower probability of limiting warming to 1.5°C
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Natural Gas, 29%
507 Million Tons

Petroleum, 1%

19 Million Tons

Coal, 69%
1207 Million Tons
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WA: 15% by 2020

MN: 26.5% by 2025

Xcel: 31.5% by 2020 ‘NH: 25.2% by 2025
WI: 10% by 2015 VT: 75% by 2032

IME: 40% by 2017 |

MT. 15% by 2015

OR: 50% by 2040 (large IOUs)

MA: 41.1% by 2030 +1%Jyr |
5-25% by 2025 (other utilties)

MI: 15% by 2021 [BINY: 50% by 2030

|l 9
PA: 18% by 2021
1A: 105 MW by 1999 | s
OH: 12.5% by 2026 |
IL: 25% by 2026

MO: 15% by 2021 r
CO: 30% by 2020 (IOUs)
20% by 2020 (co-ops)
10% by 2020 (munis) ‘
AZ: 15% by 2025 ENM: 20% by 2020 (I0OUs)

10% by 2020 (co-ops)

IRI: 38.5% by 2035 |
CT: 44% by 2030 |
INJ: 54.1% by 2031

IDE: 25% by 2026 |

IDC: 50% by 2032 |

IMD: 25% by 2020 |

NC: 12.5% by 2021 (IOUs)
10% by 2018 (co-ops and munis)

P >

NV: 25% by 2025

CA: 60% by 2030

TX: 5,880 MW by 2015

‘ =9
L)
'\Hl: 100% by 2045 |

Source: Berkeley Lab (November 2018)
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Power-Related Costs (S/kW)
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Hydroelectric
1-hour Reserve
Compressed Air
$1,000 [=--- ' """"""" L e
Compressed Air Energy (Aboveground)
Storage (Underground) ‘
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UPS T & D grid support
Power quality Load shifting

Bulk power
management

Pumped
hydro

Compressed air
Energy storage

Hours

Flow batteries: Zn-Cl, Zn-Br
Vanadium redox New chemistries

NaS battery
Advanced lead-acid battery

High-energy
supercapacitors NaNiCl, battery

Li-ion battery
Lead-acid battery

Discharge time at rated power
Minutes

High-power flywheels
High-power supercapacitors

1 kW 10 kW 100 kW 1MW 10 MW 100MW 1GW
System power ratings, module size

Seconds
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Tesla Dominates The U.S. Electric Vehicle Market

U.S. electric vehicle sales share (based on unit sales between January & June 2017)
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Lithium-ion battery pack price (real 2018 $/kWh)
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70~100 X 3 BESS Building
Rack e.g. 25 MWh

Module
e.g. 12.5~18 kWh

Cell
e.g. 250~300 Wh

Reference:

[1] LG Chem, 2018, ESS Eattery. available at http:/fwww.Igchem.com/global/ess/ess/
[2] SAMSLUNG, 2018, Technology, available at http:/fwww.samsungsdi.com/ess/!
energy-storage-system-technolagy. html
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Desired

Application Description Size Duration Cycles Lifetime
Wholesal Arbitrage 10-300 MW 2-10 hr 300-400/yr 15-20 yr
Ene‘: anae Ancillary services s See note 2 See Note 2 | See Note 2 | See Note 2
Servig.:);s Frequency regulation 1-100 MW 15 min >8000/yr 15 yr
Spinning reserve 10-100 MW 1-5 hr 20 yr
1-10 MW 5000/yr
Wind integration: distributed 15 min 10,000 full 20
ramp & voltage support 100-400 MW energy yr
centralized cycles
::::;;:g:s Wind infegration: 100-400 MW 510hr | 300-500/yr 20 yr
off-peak storage
Photovoltaic Integration:
time shift, voltage sag, 1-2 MW 15 min-4 hr >4000 15yr
rapid demand support
Urban and rural T&D
?g‘g%’:f’y | deferal. Also ISO 10-100 MW 26hr | 300-500/r | 15-20yr
Ppo congestion mgt.
Tranabortable Urban and rural T&D
T&D s‘:‘ p deferral. Also ISO 1-10 MW 2-6 hr 300-500/yr 15-20 yr
ppo congestion mgt.
g::::;byumd Utility-sponsored; on 25-200 KW 1-phase
utility side of meter,
Storage feeder Ii bstati 25-75 kW 3-phase 2-4 hr 100-150/yr 10-15yr
Systems DOGOL 110; Scapon. Small footprint
(DESS) 75-85% ac-ac efficient.
Provide solutions to 50-500 kW <15 min
C&l Power
avoid voltage sags and X <50/yr 10 yr
Quaiity momentary outages. 1000 kW >15 min
Provide UPS bridge to
G4l Fower backup power, outage 50-1000 kW 4-10 hr <50/yr 10 yr
Reliability ride-through.
Reduce energy costs, 50-1000 kW 34 hr
C&l Energy increase reliability. Size Small footprint 400-1500/ 15
Management | varies by market 1 MW 46h i yr
segment. r
Home Energy i —_— 2-5 kW :
Management Efficiency, cost-savings Small footprint 2-4 hr 150-400/yr 10-15 yr
Home Backup | Reliability 25 KW 24 hr 150-400/yr | 10-15yr

Small footprint

1. Size, duration, and cycle assumptions are based on EPRI’'s generalized performance specifications and
requirements for each application, and are for the purposes of broad comparison only. Data may vary greatly

based on specific situations, applications, site selection, business environment, etc.

2. Ancillary services encompass many market functions, such as black start capability and ramping services,
that have a wide range of characteristics and requirements.
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Maximum Market Potential (Mw, 10 Years)

# Type CA | U.S. Note
: : 2 10% of peak load is assumed to be in-play
1 - ’
e A [T 20% of that, maximum, served by storage.
2 |Electric Supply Capacity 1,445 |18,417|Same as above.
) Total load following = 20% of peak load,
$ |Load Following i B 20% of that, maximum, served by storage.
o Pt 30 1,012 Per CEC/PIER study mvolvmg Beacon Power
flywheel storage for regulation.
: : 20% of peak load is assumed to be in-play,
5 |Blectric Supply Reserve Capadity oG | i 20% of that, maximum, served by storage.
5% of peak load is assumed to be in-play,
6 |Voltage Support 722 | 9,209 20% of that, maximum, served by storage.
7 |Transmission Support 1,084 | 13,813|1.5% of peak demand, per EPRI/DOE report.
L : ) 20% of peak load is assumed to be in-play
8 ’
Transmission Congestion Relief 2,889 | 36,834 R e e e
) T&D upgrade needed for 7.7% of peak load.
9.1 |T&D Upgrade Deferral 50th percentile 386 | 4,986 OF that, a maximum of 50% of qualifying peak
- load is served by storage. Storage = 3.0% of
92 |T&D Upgrade Deferral 90th percentile 77 997 peak load, on average.
10 |Substation On-site Power 20 250 |2.5 kW per system
() 1 in-
11 |Time-of-use Energy Cost Management 5,038 | 64,228 67% of peak load is gssumed to be in-play.
1%/yr storage adoption rate.
+) i in-
12 |Demand Charge Management 2,519 | 32,111 i Aoy gssumed G i
1%/yr storage adoption rate.
: : e 10% of peak load is assumed to be in-play,
13 |Electric Service Reliability 722 | 9,209 §0% oftht. moxikivan, seeved by shorage
14 |Electric Service Power Quality 722 | 9,209 |Same as above.
: - 20% of peak load is assumed to be in-play,
15 [Renewables Energy Time-shift 2,889 | 36,834 T b e e
16 |Renewables Capacity Firming 2,889 | 36,834|Same as above.
; ! - - 10.0% of peak load is in play. Add storage
171 b Gener_atlon Grd Integration, 181 | 2,302 |equal to as much as 2.5% of that amount
Short Duration : :
for intermittency.
. . . . o )
172 Wind Genelfatlon Grid Integration, 1,445 [ 18,417 10% of peak load fror_n wind gen.,
Long Duration Add storage to a maximum of 20% of that.
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Guarantees of
Origin are provided
to Consumer

Generator Consumer

Consumer buys
renewable energy
from generator

HOW DOES
Generator Consumer
delivers A PHYS'CAL receives power
power to grid through grid
PPA WORK?
Grid Electricity Supplier
Operator Electricity supplier “sleeves” supply
to consumer (in certain markets)
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Guarantees of
Origin are provided
to Consumer

Financial settlement
between Generator
and Consumer

Generator Consumer
HOW DOES
A FINANCIAL
PPA WORK?
Generator is
i b
the wholesale electricity price electricity traditional
electricity market arrangements
Wholesale
Electricity
Market
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CUMULATIVE CORPORATE RENEWABLE ENERGY PURCHASING IN EUROPE, THE UNITED STATES, AND MEXICO-AS OF NOVEMBER 2016

US Department of Defense
Microsoft

Facebook

Wal-Mart Stores

Dow Chemical

Equinix

Ikea Group

Kaiser Permanente

US General Services Administration
Switch SuperNAP

Mars

Apple

Procter & Gamble

2000 2508

- Solar . Wind . Biomass & waste

Source: Bloomberg New Energy Finance *Google total also includes one project in Chile for 80 MW
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Wind PTC and Solar ITC Phase-Down Schedule
M Wind PTC M Solar ITC
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» PTC guidance with 4-year safe harbor will delay the impact of the wind phase-out.
« Extent to which wind companies will use reduced value PTC is unclear.

» Section 48 ITC continues permanently at 10%, while Section 25 (residential) phases out.
» Treasury is still working on the ITC guidance.

Source: ACORE
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