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+ PATHWAYS Background

+ What is PATHWAYS?
+ Results from Energy Principals Pathways study
+ Key takeaways for RETI 2.0
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Energy + Environmental Economics

+ San Francisco-based consultancy with 40 professionals
focusing on electricity sector economics, regulation,
planning and technical energy analysis

+ Broad client base includes utilities, regulators,
government agencies, power producers, technology
companies, and investors

+ Our experience has placed us at the nexus of planning,
policy and markets

Energy+Environmental Economics
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@ 2012 Science Paper: “The Technology Path tc

Deep Greenhouse Gas Emissions Cuts by 205€C

+ What is the impact of the electric generation mix on
the cost and feasibility of a low-carbon future in CA?

+ Compared

] ENERGY GENERATION
ren ewab I es EFFICIENCY DECARBONIZATION ELECTRIFICATION
) -gn . -
nuclear, carbon g ) D e » b ﬁ»
ﬁ" ) g = | ﬁ\t
= gy |. 3
capture and b I
== End Use Energy Electric Generation GHG Electricity Share of Total
Sto rag e 3 Consumption (Quads) Intensity (Mt CO2e/GWh) End Use Energy (%)
8 0 3 [ 9 12 0.0 0.1 0.2 03 0.4 0% 20% 40% 60%
: I L i L ] 1 I L L J i i i 3
+ Demonstrated a gl £
- o & a g
feasible = 5 3
> = 8 =
pathway to I I :
- 9 *  Max feasible rate of *  Grid operability requires *  Smart charging
2 O 5 O g O a I W I t h = improvement:1.3% y* some natural gas usage * Battery technology
© * Fundamental changes in * Large infrastructure and cost
7 the built environment investment required *  Low-carb f
fo C u S O n g * Limitations on changesin * Facility and transmission el::t:;rit:n seEe
| O | human behavior siting challenges

electrification

“The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050:
The Pivotal Role of Electricity,” Williams et al, Science (2012)
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+ UN Deep Decarbonization
Pathways Project

+ E3 was lead author of the

2014: UN Deep Decarbonlzanon

Pathways Project

17 countries, >70% of current
global GHG emissions

Scenarios to keep global warming
below 2 degrees C

U.S. country report

ECONOMY

-

Blueprints for Taming the Climate Crisis . . sania vaom 1 3
E & UN issued with roadmap on how to i%%ﬁ}'éﬁ 11(\%_ -
JULY B, 204 . . . . “u
Here’s what your future will look like if we are E aVOId Cllmate CataStrOphe
to have a shot at preventing devastating dimate [ \ | Report is the first of its kind to prescribe concrete actions that the EEESR vewtfows  Topa  Bogs  VidoshPodass  Edwaion G

chanee ‘% biggest 15 economies must take to keep warming below 2C

Within about 15 years every new car sold in the Energy & Sustainshility » Climmewire n Ernail & Print

United States will be electric. In fact, by

UN: Avoiding climate disaster is tough Clean Energy to Stave Off
but feasible Catastrophic Climate Change Possible
s by 2050, Barely

The warld is not on track 1o keep global warming below 2 degrees Celslus but can still hold that
line with tremendous effort

A GLOEAI ITIATIVE FOR THE UNITED NATIONS

= deepdecarbonization.org ®sceceste

SUSTAINABLE DEVELOPMENT
\ SOLUTIONS NETWORK
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2014-2015:
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The California PATHWAYS Projec
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+ Purpose =USGS e
CALIFORNMLA I;—-‘T

= To evaluate the feasibility and cost of a
range of GHG reduction scenarios in
California (prior to development of
Governor’s 2030 goals)

+ Project sponsors

= California Air Resources Board, Energy
Commission, Public Utilities
Commission, Independent System
Operator & the Governor’s Office

= Additional funding provided by the
Energy Foundation

+ Team

= Energy & Environmental Economics with B e o . : _
support from LBNL :

Study results: https://ethree.com/public_projects/energy_principals_study.php
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2016: AB 32 Scoping Plan Updat
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Scoping Plan Update

Foo MK 0 S

- Starting in 2016, E3 will be supporting the ARB with their update of
the economic analysis in the Scoping Plan update

+ Overview

= E3 is updating the Energy Principles model with the latest data and
updating new policy assumptions (e.g. SB 350)

= Revised model results will be translated into inputs to the
macroeconomic analysis tool, REMI, to evaluate structural and job
Impacts

+ Logistics
< Draft to be completed late Spring 2016

 More information:
http://www.arb.ca.gov/cc/scopingplan/scopingplan.htm
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@ What is PATHWAYS?

== Bottom_up’ user-defined’ Heavy-duty Vehicle Stock by Type:
. e R Electrification Scenario
scenarios test “what if
guestions

0.5 -

+ Economy-wide model captures
iInteractions between sectors &
path-dependencies

Millions of Vehicles

+ Annual time steps for
infrastructure-based accounting

simulates realistic stock roll o015 2020 2025 2030 2035 2040 2045 2050
over oo e
No Fuel Cells Scenario - 2030
+ Hourly treatment of electric T Ener
8y Allows f
SeCtOr 60,000 storage Oows Tor :
development
50,000 - - |
+ Tracks capital investments and 5 Ofcr(‘)er?(':'rsetég &
- = 40,000
fuel costs over time £ GHG
30,000 _
+ PATHWAYS is not a computable o reduction
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general equilibrium model
10,000
°, : 10
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Basic Energy Modeling Framew(c

Demand Sectors

End-Use Energy
Services Demand

Stock Rollover

How many electric
vehicles are on the
road?

How many miles do
Californians drive per
year (2010-2050)7?

End-Use Energy

Demand How much fuel of each type is
required to meet driving demand?

Supply Sectors

Other Fuels (Gasoline,

Electricity Supply Pipeline Supply Diesel, Hydrogen,

etc.)

What is the % of renewables on

the grid?

How much do EVs cost
How many GHG over the baseline

emissions are saved? Model Outputs internal combustion

engine vehicle?

11
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INn-Depth Electricity Module

Included in PATHWAYS

20,000
76,000 Energy

storage
60,000
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Storage Charge
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]
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Revenue

Powe

Requirement Module

30,000 &

20,000

10,000

2 3
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@ Categories of Model Outputs

All outputs are tracked by sector, fuel and year
Greenhouse gas emissions

Energy demand

S

Energy supply

= Electricity generation, gas supply, biofuel mix
+ Technology stocks & sales

< Household appliances, vehicles
+ Cost

= Direct costs and savings by sector

< Household, commercial, industrial, trucking, busing, etc.

- Direct and indirect accounting of costs

= Total capital costs
< Total energy costs

- Electricity and natural gas rates

Energy+Environmental Economics
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RESULTS FROM 2015
ENERGY PRINCIPALS
PATHWAYS STUDY



Scenarios Evaluate GHG Reduction Ti

and Energy Pathways to 2030 and 20=

1. Reference current GHG policies, as of 2014

Timing Scenarios (achieve 80% below 1990 by 2050)

2. Straight Line
: vehicles, energy efficiency and electrification

similar to Straight Line scenario but with more focus on near-term

3. Early Deployment ) ) )
air quality & GHG actions

4. Slower Commercial delay some higher-cost measures in commercial and trucking until
Adoption post-2030, accelerate adoption post-2030 to hit 2050 goal

Alternate Technology Scenarios (achieve 80% below 1990 by 2050)
5. Low Carbon Gas no building electrification, decarbonized pipeline gas

6. Distributed Energy achieves zero-net energy building goals w/ DG PV and grid storage

7. CCS phase-in of CCGTs with CCS post-2030

8. High BEV no fuel cell vehicles, focus on BEVs

Energy+Environmental Economics

distinguished by high renewable energy, fuel cell and battery electric
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How do PATHWAYS scenarios

measure up to GHG goals?

600
§ 500 -
o =
g % <~ .... |‘ .. ;’ ....................... 2020 goal 1990 GHG Ievel
BN 400 - . e e = = = =
< 9 Reference
g E Straight Line Delayed
Os=s 300 - (Low Carbon Gas) QDeployment
m S
- I e v e i S e Ca— o
=% 200 - = 2030
s 2 Early
§ w Deployment
8 100 | ..ot eeeeee e eseeeae e e eneeene e ae et e ene et e eae e et e enteenteenteneeeneeereeneenren
2050 goal: 80% below 1990
0 I I I I I 1
1990 2000 2010 2020 2030 2040 2050

+ Current policies (Reference scenario) are expected to achieve 2020 goal

Examined Scenarios (E.g. Early Deployment, Straight Line scenarios)
that achieve 2050 goals

2015 Energy Principles outputs, subject to 16
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Decarbonizing CA’s economy

e o8

depends on four energy transitiol

® o 0

1. Efficiency and 2. Fuel 3. Decarbonize 4. Decarbonize
Conservation Switching electricity fuels (liquid & gas)

SIS ="l

By 2030: By 2030: By 2030:
( )

K 8% reduction in \ * 6-9million light ( 50 — 60% \ / 29 — 55% reductiom
vehicle miles duty zero renewable in petroleum use
traveled (smart emission vehicles electricity in vehicles,
growth) % relative to 2015

_ _  Trucking & freight e Renewable
« Continued vehicle strategy, i.e. integration  Biofuels: Nearly all
fuel economy CNG, hybrid, elec. solutions diesel use

\ Improvements / ; \) \ / replaced with net-

e _ N (¢ 10% - 40% electric ZET0 emissions

. Appro_X|mate space heating & biofuels, OR _
doubling o_f _ 5% - 70% electric Nearly 50% biogas
curr_ent bwldmg water heating, in th(_e gas
efficiency savings depends on use d!strl_bunon

\_ goals ) \_ of biogas Y \ pipeline /

17
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Higher energy efficiency in buildings =

o 0 O

o0

+ Electric energy efficiency is nearly double in the straight
line scenario compared to current policy (Reference),
mostly due to LED lighting and more efficient appliances

Buildings - Energy Demand
2.5

Current efficiency

“Additional achievable
energy efficiency” goals

High efficiency electric water

Building Sector Final Energy Demand (EJ)

1 & space heating
05 Baseline
m— Straight Line
= == Reference
ﬂ |

2015 2020 2025 2030 2035 2040 2045 2050

Energy+Environmental Economics 18



Light Duty Vehicles — ZEV & PHEV

Market Share of New Sales (%6) by Yea

Light duty fuel cell vehicles (FCV), battery electric vehicles (BEV)
and plug-in hybrid electric vehicles (PHEV) as % of new vehicle sales
in 2025 and 2030

100% -
FCV
= BEV
80% -
PHEV
L
£ 2030
» 2025
E 60% -
m
=
u
=
£ 40% -
>
=
20% -
|
{]% T T T T T T T T T T T T T
e & Q& & 7 -y ¢ & L & o 3
Sl L S & F ¥ & & RN
& % o & o a3 & % & o 2
S 2 s e & & 3 v
& & P & & ¥ O P
< 4, Q,Q c:bg 0'6\ % & Q,Q‘ (¥ 0'6\
d \*\Q £ = \*-\.Q 4
< o & & O 2
2 v t}o.ﬁ ? A C}O.uk
2015 Energy Principles outputs, subject to 19
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Light Duty Vehicle Fleet

+ Light duty vehicles stock and sales share by vehicle type in the Straight Line

Scenario
Light Duty Vehicle Stock, Light Duty Vehicle Sales, Straight Line
Straight Line Scenario Scenario
40 100%

90%

35

80%
30

70% ® Hydrogen Fuel Cell

E BEV
B PHEV25

25 60%

20 50%

B Reference Gasoline LD\

Millions of Vehicles

15 40%
30%
10
20%

5 10%

0 0%
2010 2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to 20
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+ GHG emissions by sector over time for Straight
Line Scenario compared to the Reference Scenario

mmm Non-energy
mmTCU
mmm Agriculture

mmm Petroleum Refining
Oil & Gas Extraction
B | ndustrial

I Transportation

mmm Commercial
mm Residential

- = Reference

2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to 21
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OBSERVATIONS FROM
PATHWAY STUDIES
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A key question is how to make =

e 8 o 0

best use of limited biofuels

+ Sustainable biomass supply is limited, insufficient supply to displace both
natural gas & diesel consumption (assuming CA’s share of U.S. resource)

+ If biofuel supply is limited, greater electrification and/or carbon
neutral fuels produced using low-carbon electricity is needed

Final Energy Demand by Major Fuel Type

6.0 | Straight Line 6.0 - Low Carbon Gas
Other Fuels
Reference total
50 e, —_, - — - - = 50 & @ MN Tt e, - == - - Hydrogen
E Renewable E Electricity
Di | electricit
?u 4.0 - 1ese -rgu 4.0 - 4 Renewable Diesel
E E . M Diesel
Q30 Hydrogen Q 3p Synthetic
B &5 methane I Renewable Gasoline
b o P2G
2 2 ( ) W Gasoline
20 520 o
E E B Pipeline Hydrogen
(T (T .
10 10 Synthetic Gas
Biogas
0.0 0.0 ® Natural Gas
2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to 23
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There are some forks in the road that |

may require decisions by governme;nt"

-~

No addltlonal

Fuel cell vehicles,
flexible grid energy storage
Zero electrolysis needed
Emissions
Vehicles Significant
Battery electric energy storage
vehicles needs

Biogas replaces No building
natural gas in electrification
needed

buildings

| Buildings
Strategy

Electrification of No gas
k buildings pipeline

Energy+Environmental Economics
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@ Timing for Action is Limited

+ A car purchased today, is likely to replaced at most 2 times before 2050.
A residential building constructed today, is likely to still be standing in 2050.

2015 > 2030 > 2050

Electric lighting 4 replacements

Hot water heater 3 replacements

Space heater 2 replacements

Light duty vehicle 2 replacements

Heavy duty vehicle
Industrial boiler

Electricity power plant

1 replacements

1 replacements

1 replacements

Residential building

I

O replacements

o
(92}

10 15 20 25 30
Equipment/Infrastructure Lifetime (Years)

w
(92

25
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Electricity decarbonization — electricity policy must
drive CA to near complete decarbonization by 2050

Renewable Fuel Standards — policy must encourage
development of fuels produced from electricity and
should direct biomass toward its most highly valued uses

Transportation — the majority of new light duty auto
sales should be electric, fuel cell, or plug-in hybrid
vehicles by 2030

Energy efficiency and electrification — building
energy efficiency programs must unlock deeper savings

Be proactive on distributional cost impacts —
key to sustaining a long term policy effort

Energy+Environmental Economics
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KEY TAKEAWAYS FOR
RETI 2.0



+ Energy efficiency offsets impact of electrification through 2030

+ Beyond 2030 new loads offer potential for flexibility to help
integrate solar and wind generation

Electricity demand by sector

700,000 - (Straight line scenario)
m Hydrogen production, CNG/LNG
600,000 compression
'§ m Transportation
& 500,000
°
S 400,000 M Agriculture & other
$
= 300,000 Industrial, Oil & Gas
k=]
£ 200,000
5 B Commercial
100,000
M Residential
2015 2020 2025 2030 2035 2040 2045 2050
2015 Energy Principles outputs, subject to 28
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@ Electricity Sales by Scenario

A high BEV (and low
FCEV) scenario has
100,000 - much lower electric
load growth.

700,000 -
600,000 | e Early deployment
el > High BEV
> . .
E 500,000 === Straight Line
; = =Reference
S
7] 400,000
9
S New loads from
> 300,000 hydrogen production
."5 are dependent on fuel
- cell vehicles.
d
E’ 200,000 -
w

2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to
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@ Solar PV Adoption

50,000 - 200 -
45 000 - 2030 180 Utility Solar
, 2050
E 40,000 - W 2050 E 160 - Rooftop PV
2 35000 - 9 140 -
Fn Fy
‘s 30,000 - ‘s 120 -
g g
o 25,000 - = 100 -
) o
E 20,000 - E 80 -
§- 15,000 - £ 60 -
= c
8 10,000 - = 40 - 2030
(2 L
5,000 - o 20 -
n
0 O | | | | | | 1
Ref. Straight Distributed Ref. Straight Dist. Ref. Straight Dist.
Line Energy Line Energy Line Energy

2015 Energy Principles outputs, subject to
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@ Renewable Penetration

100% -

------ Early deployment
80% -
== Straight Line

- =Reference
60% -

40% -

Delivered Renewables
(% of Generation)

20% -

O% T T T T T T 1
2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to
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@ Renewable Capacity Growth

Installed Capacity [MW]

Renewable Capacity

Excluding Behind the Meter Resources

300,000

—Straight Line

250,000
/ ——Early Deployment

200,000
150,000 /
100,000 ///
50,000 7/

O T T T T T T T
2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to
change in CARB Scoping Plan

Energy+Environmental Economics

——High BEVs

apa atlC
030

Straight Line 60,754 176,139

Early 75,613 213,049

Deployment ’ ’

High BEV 59,317 170,039

*Not including behind the meter renewables




Renewables are 50-60906 of

annual generation by 2030

+ Average grid scale renewable additions are ~2,400 MW/year (mostly
solar, wind) plus total 11,800 MW rooftop PV by 2030

2015 & 2030 Annual Generation

400
2030 Renewable Generation
by Type (%) — Straight Line 350
300

Geothermal

250

=
Small hydro E 200
Solar 150

‘thermal

100
50

2015 2030-SL 2030-ED
w Renewable mHydro m CACCGT/CT

M Nuclear Imports M CHP
* Estimated, not actual value 33
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Integration solutions needed to avoid

curtailment may come from new, flexi

s &
®o 0o 0

demands

) @ © 0 8

+ Curvature is due to 2025 nuclear retirement and end of imported coal electricity in late 20s

+ Straight Line scenario assumes grid electrolysis (producing hydrogen for fuel cell vehicles)
will provide grid balancing services. With no fuel cell vehicles or grid electrolysis, renewable
curtailment and/or dedicated electricity energy storage needs increase substantially.

+ Important Note: Storage needed for integration and system-wide renewable curtailment
are highly sensitive to input assumptions in PATHWAYS. Additional integration studies
would be needed to precisely determine adequate storage capacity for each PATHWAYS

scenario
Renewable curtailment (%0)
7% -
...... Ear|y . .
6% - . deployment PATHWA_YS Straight-line
F CCS scenario: Renewable
5% - ...... Low carbon Curtailment [GWh]
QO s I8 eeeee %?sstributed
energy 2030 2050
""" High BEV 833 5778

Straight Line

R
>
1

== =Reference

Renewable Curtialment
(%26 of Available Energy)
P w
X S

0%
2015 2020 2025 2030 2035 2040 2045 2050

2015 Energy Principles outputs, subject to 34
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Thank Youl

Energy and Environmental Economics, Inc. (E3)
101 Montgomery Street, Suite 1600

San Francisco, CA 94104

Tel 415-391-5100

www.ethree.com

Arne Olson, Partner ( )


mailto:arne@ethree.com
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