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CALIFORNIA CONTEXT

AB 32 requires reducing GHG emissions to
1990 levels by 2020, a reduction of about 25%.

Governor’s executive order S-3-05 (2005)
requires an 80% reduction below 1990 levels by
2050.

We must go from 480 mmT CO.e today to 80
mmT CO.e in 40 years.



Why near zero important?

40 Billion Tons/year

I

Several million tons per year
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So even If we stopped today . . ..
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WHY REGIONAL?

IMPACT

REGIONAL
SWEET SPOT

ABILITY TO SET GOALS & ACT

INDIVIDUAL GLOBAL



HAVE A GOAL

An emission goal leads to different solutions

ZERO EMISSIONS = STOP BURNING FOSSIL FUEL

NO COAL
NO OIL
NO GAS

unless CARBON CAPTURE AND
STORAGE (CCYS) is deployed



IOW DO WE MAKE DECISIONS
ABOUT ENERGY?

ENVIRONMENT

ECONOMICS
SECURITY

A GOOD GOAL:

GO TO ZERO GHG EMISSIONS AS FAST AS POSSIBLE
WHILE ENSURING RELIABILITY AND MINIMIZING COST
IMPACTS

“Fast as possible” is 2050 for planning

“zero” is 80% below 1990

Rule out the extremely expensive alternatives
Reliability much as today



Three rules

Get the accounting right
Use feasible technology
Don’t leak

Otherwise the regional plans will not
add up to a solution



COUNT EVERYTHING, COUNT ONCE

Unless emissions are sequestered

. How much can we control
demand through efficiency ®> Decrease need for electricity and

measures? fuel.

. How much do we electrify or @ |ncrease demand for electricity,
convert to hydrogen fuel? decrease demand for fuel.

. How do we de-carbonize Nuclear, CCS, Renewables
enough electricity demand? = Biofuel or gas with CCS,
How do we balance load? Energy storage, or demand

management.
. How do we de-carbonize o> Biofuel, fuel from electricity?

enough fuel (hydrocarbons or
hydrogen) to meet remaining
demand?
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ACTIONS TO REDUCE

EMISSIONS
A 1. Efficiency
2. Electrification
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Electricity
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FEASIBILITY MEANS USING BIN 1 AND 2

_BIN 1 Deployed at scale now

BIN 2 Has been demonstrated, not available at
scale

BIN 3 Indevelopment

BIN 4 Research concept




DON’T LEAK

e Can’t use more than California’s share
of resources

e Can’t cause other locations to increase
thelr emissions as CA reduces theirs

 (In reality this is really hard if neighbors
are not doing the same thing)



RESULTS

THE SHORT ANSWER YES

- We can get about 60% of cuts with implementation of
technology we largely know about applied but this is without
regard to cost, using non-commercial technology and
unprecedented rates of deployment.

- We can get the rest of the cuts to 80% below 1990, but this
will require new technology innovation and development.

BUT IT’S REALLY HARD



INCREASE ENERGY EFFICIENCY
AND ELECTRIFY

Industry
Buildings

Transportation



EFFICIENCY CHALLENGE: CHANGE EVERY
SQUARE FT. OF BUILDINGS
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COST OF EFFICIENCY
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Number of vehicles (LDV / millions)

ELECTRIFICATION CHALLENGE: LIGHT-
DUTY VEHICLE SCENARIO
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MASSIVE EFFICIENCY AND ELECTRIFICATION

BUILDINGS
INDUSTRY

CARS
TRUCKS
AIRPLANES

BUS / RAIL
MARINE

EFFICIENCY

40%
0-15%

60%
30%
50%

0%
40%

ELECTRIFICATION

44%
18%
0%

100%
0%
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FIRST BIG QUESTION:

WHAT GIVES THE BIGGEST
“BANG FOR THE BUCK?”
IN EFFICIENCY AND

ELECTRIFICATION ACTIONS?



THE DEMAND ADJUSTMENT

Electricity Twhr/yr 80 Fuel bggelyr

600
70
500
60
400 50
40
300 EEEEER EEEENENEEEEEEN 2005
30
200
20
100 10
0 0
2050 Decreased Increased by 2050 BAU Decreased Decreased by
BAU by Electrification Demand by Electrification
Efficiency Efficiency

Demand



DOUBLE ELECTRICITY
AND DE-CARBONIZE IT



WE HAVE ELECTRICITY
CHOICES

NUCLEAR ELECTRICITY
NO TECHNICAL BARRIERS, NOT LEGAL

COAL OR PLENTIFUL GAS WITH CARBON
CAPTURE AND, STILL HAS EMISSIONS

CA HAS PLENTY OF RENEWABLE ENERGY

RENEWABLE ENERGY IS MOSTLY SMALL SCALE
AND INTERMITTENT



NUCLEAR ELECTRICITY
NO TECHNICAL BARRIERS

- Mature technology - Challenges of Nuclear:

. Adequate land, fuel, safety Institutional
- Waste disposal: CA law

- Cooling water: use air cooling
- Public acceptance

- Cost: best estimate: 6-8¢/kWh

similar to fossil / CCS, - Fukushima: “It could have

) . .
renewables been avoided”- no one died

- Factually, nuclear is second

- 62% nuclear required build rate
safest form of electricity

2020-2050: 1.4 GWlyr



COAL OR GAS WITH CARBON CAPTURE
AND STORAGE - STILL HAS EMISSIONS

- Coal or gas with CCS can provide 100% of projected
2050 energy (48 GW).

- Residual Emissions: at 90% capture rate
- 28 mmt CO,e, for coal about 1/3' the total budget
- 13 mmt CO.e for gas about 1/6™ the total budget

- Using gas without saline reservoirs, about 60 years
capacity exists in-state.

- Massive new infrastructure required.



CA HAS PLENTY OF
RENEWABLE ENERGY

Generation Capacity Required in 2050 (GW)
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LOAD BALANCING CAN ADD
EMISSIONS

Natural Gas

*Unless with CCS or Biofuel
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Energy Storage Flexible Loads



ZERO EMISSION LOAD BALANCING
(ZELB)

GHG Emissions ( MtCO,e / yr ) Impact of ZELB
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NUCLEAR AND CCS TECHNOLOGY MATURITY

Nuclear
Technology

Coal or Natural Gas CO2 Capture

CO2 storage

BIN 1

BIN 2

BIN 3

BIN 4

Generation I+
reactors

Small modular
reactors (LWR)

Generation IV
(including small
modular Na-
cooled reactors)

High-efficiency coal gasification, high-efficiency
natural gas combined cycle, ultra-supercritical
pulverized coal combustion, solid-oxide fuel cell
(SOFC), solvent separation

Post-combustion CO2 capture technologies
with 90% capture efficiency, integrated
gasification systems with CCS, amine solvent
separation

New capture methods with >90% effectiveness,
lower cost CO2 capture technologies of all
kinds, metal-organic framework separations,
membrane separation

Injection into
oil/gas reservoirs

Saline aquifer
injection

Coal bed
injection

Shale Injection




RENEWABLE TECHNOLOGY MATURITY

Wind Concentra- Solar Geothermal Hydro Biomass
ted Solar Photovol- and
Power taic (PV) Ocean
(CSP)

Bin1 Onshore, Parabolic Silicon PV, Conventional Conven- Coal/bio-
shallow trough, Thin-film geothermal  tional mass co-
offshore central PV, hydro firing,
turbines receiver Concen- direct fired

trating PV biomass

Bin 2 Dish Biomass

Stirling gasification

Bin 3 Floating "Third Wave,

(deepwater) generation” tidal and
offshore PV river
turbines turbines

Bin4 High- Enhanced
altitude geothermal
wind systems

(EGS)
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Load balancing technology bins

Natural Gas

Storage*

Demand Side
Management

Binl Combustion
turbine

Pumped hydro

Commercial-scale

critical peak
demand response

Bin 2

“First generation” compressed air
energy storage (CAES), battery
technologies (Na/S, advanced Pb/Acid,
Ni/Cd, Li ion as found in electric
vehicles)

Commercial time-of-
use demand-side

management

Bin 3 Variable fossil

generation
with CCS

Battery technologies (some advanced
Pb/Acid, Vanadium redox, Vanadium
flow, Zn/Br redox, Zn/Br flow, Fe/Cr
redox, some Li ion), flywheel, “second
generation” CAES

Residential time-of-
use demand-side
management
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SECOND BIG QUESTION:

TO DOUBLE ELECTRICITY AND DE-
CARBONIZE IT:

HOW DO WE CHOOSE?

System integration issues may be
more important than capacity: eg
reliability, transmission, business
models



When Comparing Electricity Choices:

What are the system requirements? What else do
vou need beyond capacity to make the system
work reliably?

How fast can you construct a system that
eliminates emissions? By 20507

How much will it cost?

What are the other externalities? Eg water and
land use?

What are the policy and business frameworks
required to make it work?



Jacobson & Delucchi

Greenpeace/EREC

Worldwatch

WWEF

GEA Scenarios

IEA Blue Map

CCSP MiniCAM

CCSP MERGE

CCSP IGSM
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Experience (1980-2010)

——
e
S

200 400

600 800 1000 1200 1400 1600

Range of Annual Capacity Additions (GW/year)

1800

2000

2200

45



Flexible Capacity Planning

Problem for Renewables

1.

Power (MW)

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

Overgeneration

mm Thermal

mam Hydro

—>System Load

mam Renewables
s Imports

mm Nuclear

Downward
ramping
capability
Minimum
generation
flexibility

Upward
ramping
capability
Peaking
capability
Sub-hourly
ramping
capability

Problem: How to plan system with significant levels of variable
generation so that peak and flexible capacity requirements are

met at least cost, subject to emissions constraints?
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Power system cost increasingly dominated by
flexibility rather than energy
Allocation of carbon revenues important
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The median electricity case

About equal parts of nuclear/renewable/CCS

Assume Y2 load balancing is without emissions
Y 1s with natural gas

Almost all emissions from electricity are from
load balancing
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AFTER ALL THESE MEASURES, WE STILL NEED
27 BILLION GGE/YR FUEL

e Biofuels are the choice

in the pipeline e Estimate
e How much biomass? 13 billion gge/yr

* Countallwastes, all ~ e— s pt he available
crops on marginal lands

* Assume we import as l
much as we make here
* How green? « WE MAY NOT HAVE A
* Assume we crack the SOLUTION TO THE FUEL
technology to make this PROBLEM

fuel without GHGs
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California Biomass

Woody energy crops

10 mtons/yr
(0-20 mmn&/yr)“ 1 combustion > L.
Woody residues e SR (Ellzch;'\(,;'laty "
17-24 mtons/yr) i
( mtons/y : 31 mtons/yr Tlo GW
Cogeneration
Herbaceous energy crops 2.5 bege. S 07 6w
(4.5-21 mtons/yr) ;- I :
ombustion
} 25 mtons/yr | :
Crop residues f Liquid Biofuel
(4-7 mtons/yr) | l (7.5 bege)
| S A |
\_“,/« 2 bggg : 1
MSW —> 3 o5y : 4.5 x10'2 hty,
-~ ge ! + Cogeneration
(10-40 mtons/yr) 37 [ ey vy
. ‘ L 10.8x10%2 ptu/ :
Animal Waste Q —> 4/,%_;‘" ¥
(5.5-9 mtons/yr) ] .. _ . ____.lBiogas
' | (220 Mtherms)
Municipal Wastewater - 4
6.6 x107 bty

(3 billion gallons per day)**

*technical recoverable yield (50-80% of gross biomass production depending on type)
**not currently used for energy production
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California Biomass
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We might expect
biomass to provide
about %2 the fuel demand
(27 bggelyr) where CCS
IS not possible

iIncluding 2 bggel/yr for about half the
required load balancing)

13

bggelyr
+

7.5
bggelyr
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Advanced drop-in biofuels could have a
low GHG footprint by 2050

GHG Reduction Advanced HC Scenario
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Biomass GHG Intensity and Supply
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THIRD BIG QUESTION:

HOW CAN WE FILL THE FUEL GAP?

What can we count on from biofuel without adverse
impacts? What has to happen to get this much?

How do we get the rest of the decarbonized fuel we
need?



HISTORICAL AND BAU EMISSIONS

GHG Emissions ( MtCO,e / yr)
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GHG REDUCTIONS WITH A SINGLE STRATEGY

GHG Emissions ( MtCO.,e / yr)
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GETTING TO 60% (BELOW 1990):

ALL 4 ACTIONS

GHG Emissions ( MtCO.,e / yr)
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Strategies for Getting to 80%

GHG Impact
1. 100% effective CCS small
2. Eliminate fossil/CCS (use nuclear instead)
3. 100% ZELB for load balancing
4. Net-zero GHG biomass Moderate
5. Behavior Change (10% reduction in demand)
6. Biomass/CCS (20% of electricity, offsets fuels)
7. Hydrogen (30% replacement of HC fuels)
8. Biomass/Coal/CCS (make fuels + electricity) Large
9. Double biomass supply
10. Fuel from sunlight (need net-zero carbon source) Transformative
11. Fusion electricity

12.

Others?
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Getting to 80%: Example of Multiple Strategies

Hydrogen
B Carbon fuels
Electricity
® Net emissions
= ==2050 Target

RO Kk
0
|

RS oo+

BECI 5>5/5seuo -
T | coron

Y3IH -

H aguey) Joineyag +

+

200

150

0 nU nU 0
5 5
— '

(4A/3°0D¥N) suoissiwgz DHO

100

-150

-200

71



500

450
s
S 400
o
@]
2 350
2
e 300 —
g 285 %
2 N
£ 250 N
g Scenario 1: All existing regulations \m§ AN
T 200 1 scenario 2: All targets achieved <
) || Scenario 3: Aggressive expansion of AN
< 150 o N
3 policies N
3 \
S 100 ||
v —Historic === Straight Line ——Scenario 1 85

50 —Scenario 2 —Scenario 3
0 T T T T T |

1990 2000 2010 2020 2030 2040 2050

72




* 60% emission cuts will take
unprecedented rates of change over in
all sectors to deploy what we already
know how to do.

e 80% means we need serious innovation



SOME KEY PRINCIPLES FOR
REGIONAL ENERGY PLANNING
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