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Study Approach: 2030 & 2050 Emissions Reduction
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ENERGY FUTURES

Timeline of Key California Policies for GHG Reductions
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/“-} Sectoral Emissions in California,
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Source: EFl using data
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Identified Emissions Reduction Potential of Sector-

Specific Pathways for Meeting the 2030 Targets

ENERGY FUTURES
— INITIATIVE —

AN
| lon4 8onpay

S| Jezjuag 8ziwndo

@ aimde) segdoig

9

(@]
NN U0NeoyII08|3

S

9 Aouaio1)3 A310u3
Q

< W dH

SN suoISSIW3 SAIBNS JOMOT]
QI °Sn HNY
< ainide) segoig

QN seo |einieN 0} Youms-jeng

L0
HE  BuunioeNUBIN SAIIPPY/UOHBWOY |

N~
S I Sadljoeld chgmwmcm_\/_ 1s9g

AN
< M CH 0} YoHMS-|an4

sl LANAJBWO0

S LINA AQH 19moT]
o LINA AQT Jomon
% M S401AQH
o M 34V0 AQH
m_ B  U0neonynos|3 AQl
o
< I s401Adt

S esuodsay puews(

< Ml Buidoq zH

28eI01S IY-G/So|gemausy

9SM ONY
I s)vodw| paziuogieos(
B spUaAH D0HN/e8eI01S

o -
« I 93el01S JY-OT 01 dn/sojgemausay

Transportation

Agriculture

Buildings

Industry

Electricity

Source: EFI analysis



/‘") Sectoral GHG Emissions Reductions Achieved by 2030 From
Top Two Technology Pathways*
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Industry

100.4
23%

Rest of Economy

Industry: 23%
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Top 2 pathways get halfway there

Buildings
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*Erom 2016 emissions baseline, growth not assumed
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In-state Generation by Fuel Type, 2001/2016 (GWHh)
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In-state generation from sources that
are covered by the state RPS:
Solar wind cCoal Other Biomass 0
10% 6.8% o0.1% 0-2% 3% e arm 28%
250000 e°5 8‘z/rma
Small Hydro ‘ N°uclear Generation from Large Hydro, Nuclear,
2.3% \ 9.5% Natural Gas: 2%
200000 Large Hydro 72% I
12.3%
150000 Natural Gas Generation from Natural Gas: "
49.8%
50%
100000
D1 &
8oy +1.9% @
0 — [ | — —
Coal Other Biomass Geothermal Nuclear Natural Gas Large Hydro Small Hydro Solar Wind TOTAL
H 2001 2810 1852 5762 13525 33294 116151 20144 4844 837 3242 202461
2016 324 207 5876 11582 18931 98879 24410 4567 19856 13499 198434
Source: EFI using data Figures denote % change in generation by type, 2001-2016

from CEC Almanac
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Challenges with Integrating Intermittent Renewables

Over the course of a year large-scale dependence on both wind and solar will
result in significant periods requiring very large-scale back-up options
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Impacts of Drought on Hydro Generation
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Hydro-generation
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Drought, 2011-2016
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Thousand Megawatt Hours per Month (000 MWhr/mo)

...between 2007-2009, a period of significant drought, hydro generation fell to about 13
percent of California’s total generation, down from a peak of 18 percent, with monthly hydro
production falling from 5,000 MWh/month to less than 1,000. In the most recent and more
severe drought, hydro generation was under seven percent of total generation.

- /

Source: Pacific Institute, 2017




Transportation: State Investments, Efficiency Pathway
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Allocation of Alternative and Renewable Fuel and Vehicle Efficiency Pathway and 2030 Target
Technology Program Investments, 2007-2018 (SMM)
180
Renewable 169.4 22.0 6.3
Diesel 160 -
Multiple/Other 23' Pro;(:;ane )
¥ N § 140
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Ethanol Woerfgrce Other § 101.6
485 4% 26.9 o 100
7% . . 4% c
anufacturing © 80
46.5 @
o% £ 60
Electricity L
265.5
35% % 40
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Fuel Infra.
251.9 0
33% 2016 LDV CAFE  HDV CAFE 2030 Target
Natug; Gas Hydrogen Emissions
13% 149.9 0.9 a - oy e .
20% Adv. Freight/Fleet Eff|C|en.cy.|mprovements haye the highest m!tlg:iltlon
vehicles potential in the Transportation sector, resulting in 28.3
7% Prothction MMTCO,e in reductions. CAFE could, in fact, have one of
P the largest emissions impacts of any single policy in any
sector.




Industry: Multiple Subsectors, Combustion and Non-
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Combustion Emissions Require a Range of Pathways

Industry Sector Energy
Consumption by Fuel Type
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ENERGY FUTURES Utilization and Storage (CCUS), AOTA

Estimated and Measured First-of-a-Kind Costs for CCS Applied to Different Plants

Expanded 45Q Tax Credit for Carbon Capture,

Cement P 5104-194
IGCC P s81-148 . . p
Tax Credit Value Available for Different Sources and Uses of C0,
Natural Gas Combined Cycle N s80-160
Minimum Size of Eligible Carbon Capture Plant by Relevant Level of Tax Credit in a Given Operational Year
Iron & Steel PN $67-119 Type (ktCO,/yr) ($usD/tcO,)
Oxyfuel I $63-121

Supercritical P

P 560-121

Type of €O, Othet | Direct Alr

Industrial
Storage/Use Facility Capture

Fertilizer s23-33

Biomass-to-Ethanol B s21-27

Natural Gas Processing

B $20-27 Dedicated

Geological 500 100 100

100 150 200 Storage

SUSD Per Ton of CO,
> . . Sloragevia | go5 100 100
;;/ Industry is the sector that is most \::;::;3 =

-| difficult to decarbonize. Innovation o« oher

. . tilization 25 25 25
is needed in hydrogen, carbon N rroceses
one . 1 Each CO, source cannot be greater than 500 ktCO,/yr
Cca ptu re, Sto ra ge an d utl I |zat|0 n’ an d i'} 2 Any credit will only apply to the portion of the converted CO, that can be shown to reduce overall emissions

\_ biogas. Y.




Biogas/Renewable Gas for
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ENERGY FUTURES Decarbonizing Agriculture Sector
RNG Generation Potential in California (Mcf CH,/year) Biogas Capture Pathway and 2030 Target (MMTCO,e)
35 33.8 ﬂ
30
25
L 8
<, §20 20.3
%15
g
[©)
5 10
RNG Generation Potential (Mcf CH4/yr)
<200
201-400 5
[ 401-600
mm 601-800 0
mm >800
2016 Emissions Biogas Capture 2030 Target

Utilizing agricultural residues and manure as biogas feedstocks for RNG could provide
up to 46.6 Bcf/year of carbon-neutral gas by 2030...Biogas capture also could provide
emissions reductions and economic benefits to the Agriculture sector ....Diverting
methane into a useable product in the form of RNG can have a significant net impact on
CO,e levels—potentially reducing the Agriculture sector’s emissions 13 percent by 2030.

Source: EFI Analysis




/") Lithium, Cobalt, Nickel Production/Reserves
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Lithium Production/Reserves (metric tons) Mine production

Resorves’ Tesla’s global
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kt/yr. of cobalt, s 1 v ——=ovo@lll  ; shortage of key
almost three times Madagascar cx 140,000 EV minerals coming
the 2017 level for E:;ﬁgcﬁlew Guinea 339 3,200 86,000 in the near
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all uses. At those s a frica 5.800 5.900 250.000 future...Tesla will
- Other countries 7.650 7.000 640,000 -
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800 000 Chief Executive
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