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Policy Actions

FERC RPS facilitation

AB32 — California

The California Low Carbon Fuel
Standard

(S-1-07)

Property Assessed Clean Energy
(PACE)

SB375

CA storage mandate

Business and Program
Partnerships and Spinoffs

[e] enphase

ENERGY

RENEWABLE & FUNDING

»» powerhive

National Geographic/Shell
Great Energy Challenge
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ULBRIGH

The Fulbright Program, sponsored by the U.S. Department of State’s Bureau of
Educational and Cultural Affairs, is the U.S. government’s flagship international
exchange program and is supported by the people of the United States and partner
countries around the world. For more information, visit fulbright.state.gov.

The Fulbright Scholar Program is administered by CIES. CIES is a division of the
Institute of International Education.




Program Themes, 2014 - 2016

* Renewable Energy, including Micro-Grid
Innovations

* Social and Behavioral Adaptation to
Climate Change

* Measuring Climate Change and its Impact
(Metrics and Standards)

* Climate Change and Biodiversity

* Climate Change and Food and Water
Security



Energy Poverty: Forecasts of Failure

There are 1.4 billion people lacking access to electricity today
Based on current trends, 1.2 billion people will still lack access in 2030
Another 1+ billion have intermittent/unreliable access

International Energy Agency, 2010
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2012 INTERNATIONAL YEAR OF

‘ SUSTAINABLE ENERGY
\ FOR ALL

united Nautons Secretary Generar's High Level Commission on Sustainable Energy for All

(SE4AII, http://www.sustainableenergyforall.org/)

e Universal Access to Modern Energy Services
e Doubling the Rate of Improvement in Energy

Efficiency

e Doubling the Share of Renewable Energy in Global
Energy Mix



TOTAL GENERATING CAPACITIES

Uganda 303 MW
Kenya 1,141 MW
Tanzania 902 MW




Energy systems and peace-building:
On-and off-grid energy services in South Sudan

using. developrénts%&ijth Sudan - # : : 3 Photos by Daniel Kammen




Difference from 1961-1990
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High-Resolution Energy System Modeling Efforts:
Solar, wind, integrated with transmission and
conventional generation (SWITCH)

Kosovo

Mexico &
Nicaragua

WECC China

India

Chile East

East Malaysia

Africa

New profiles can be built to analyze region-specific challenges



CA Peak Power: Testimony by Goldstein and Rosenfeld (Dec. 1974)

@ Capacity Planned in 1975
O Actual Demand
¢ Population

Nuclear

&

8

[N w
o o
T T

California Peak Power (GW)
[1 GW = 1000 MW = 1 “Plant"]
5

(Read s
e e

15 Future

SEaa3RNRB
Population (millions)

‘o a2 1 . . l.;;;‘.nnnln;;;

1966 1970 1876 1980 1986 1980
Year



IPCC Science, state and national targets
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Carbon cap: 86 % below 1990 levels in 2050

* Decarbonization of electricity easier than for other sectors
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Four actions to reduce emissions

GHG Intensity-Demand Diagram

GHG
Intensity

2050 BAU

Emissions
(830 MtCO,e)

Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 16



1. Efficiency

GHG
Intensity
e —

Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 17



2. Electrification

* Not enough low or zero carbon fuel to go around

Fuels Electricity

Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 18



3 + 4 “Low-Carb” Biofuels + Electricity
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GHG
Intensity

Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 19



“Low-Carb”
Fuels + Electricity

4

Summary

GHG
Intensity

Electrification Efficiency
[ 2050 Target | :,.f
Emissions =
(80 MtCO,e) 9
Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 20



S

er Lighting — SF Convention Cent

The Many Values of Efficiency:
$400,000 saved per year with new lights
(a lesson renewables must learn from fossil fuels)
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ReS|dent|aI New Constructlon

e All new residential construction in California
will be zero net energy by 2020.



Commercial New Construction

« All new commercial construction in California will be
zero net energy by 2030.
» Leverage opportunities from emerging technologies

initiatives, incentive programs, and local initiatives
targeting commercial building/ property developers.

LG UMY

— .3.-‘}35‘1‘]““‘ '




The World’s Largest Solar Thermal Power Plant
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Ivanpah Solar Thermal Project — 370 MW - San Bernardino County, CA

(official opening tomorrow)




Id’s Largest Thin Film Solar PV Project...

Desert Sunlight Solar Project - 550 MW - Riverside County, CA



World’s Largest Wind Project

7

Alta Wind Energy Center — 1550 MW - Kern County



CA Leads in New Solar Home Construction
and solar retrofits: goal 1 million solar roofs

muj—-——im«"- - T —!' ey

Rocklin Zero Energy Community

Million solar roofs by
2020: we are behind
schedule, but are over
100,000 so far



Largest Manufacturing Operation in
CA is now Electric Vehicles

Automation is allowing
“on-shoring” of
manufacturing processes
back from Asia

| . i = ‘ /

Over 3,000
workers now
working at the
Tesla Factory

Tesla Factory - Fremont, CA



Almost 80% of the California RPS is

Projected to Be Met by Solar & Wind by 2020
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Proposed First Update to the Climate Change Scoping Plan:

Building on the Framework

February 2014

Pursuant to AB 32
The California Global Warming Solutions Act of 2006

Figure 4: Average Household Expenditures on Electricity and Associated
GHG Emissions in the United States and California.*
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Solar Creates Jobs

Average Total Jobs/Megawatts

8
7
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5
©
< 4 .
S /X more jobs
5 than coal
2 l I
Natural Gas Coal Nuclear Wind Biomass Solar Thermal Geothermal Solar PV

Kammen, M et al, 2004, Report of the Renewable and Appropriate Energy Lab, Putting Renewables to Work: How Many Jobs Can the Clean Energy
Industry Create?, Energy Resources Group, Goldman School of Public Policy, University of California, Berkeley.

Wei, Max, Patadia, Shana, and Daniel Kammen, 2010, Putting Renewables to Work: How Many Jobs Can the Clean Energy Industry Create?, Energy
Resources Group, Goldman School of Public Policy and the Haas School of Business, University of California, Berkeley, in Energy Policy, 38(20, 2010.



Solar PV Uses Far Less Water than Other Power Sources

1000
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Solar PV Natural Gas CC Biomass Pulverized Coal Nuclear
or Tower (wetcooled)

Gallons/MWh

Source: Adapted from DOE 2010, Table 8.3



Solar for $0 Down, in Increasing Markets

- SolarCity S
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® 100% Financing accelerating solar home sales
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® >100,000 solar power systems already installed
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SWITCH

Need to merge the capabilities of capacity-expansion and unit-
commitment models to more accurately evaluate renewables

SWITCH co-optimizes capacity investment and hourly system dispatch

SWITCH was developed in RAEL (first student: Prof. Matthias Fripp) and is
free and open-access software that can be redistributed and modified
under the terms of the GNU General Public License version 3 (see
http://www.switch-model.org)

Documentation for the WECC version of the model that is being developed
and maintained at the Renewable and Appropriate Energy Laboratory at
U.C. Berkeley is available at http://rael.berkeley.edu/switch

Support provided by: @TTRIS

Center for Information Technology The Ener Fosadation
Research in the Interest of Society = L bnbickck i




Motivation for new planning model framework

* Electricity planning processes usually involves the creation of
“candidate portfolios” that are compared on cost and risk

— Sophisticated production simulation models used to evaluate the
candidate portfolios, but the process of creating the portfolios is
much less detailed? 3

 Renewables integration research has focused on evaluating pre-
specified deployments levels and locations of renewable
resources

— Considerable cost-reduction exists through the optimization of the
full power system — generation, transmission, storage, demand
response, efficiency, etc.

* Need to merge the capabilities of planning and unit-commitment
models to more accurately evaluate renewables

2Mills, A., Wiser, R., 2012. An evaluation of solar valuation methods used in utility planning and procurement processes. Ernest Orlando
Lawrence Berkeley National Laboratory, LBNL-5933E, December 2012.

3Mai, T., et al., 2013. Resource Planning Model: an integrated resource planning and dispatch tool for regional electric systems. National
Renewable Energy Laboratory, NREL/TP-6A20-56723, January 2013.



Infinite possible combinations of generation, transmission,
storage, efficiency, demand response, electrification....

Non-Renewable Generation
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SWITCH-WECC:
A planning tool for the electric power system

« SWITCH is not a forecasting or projection tool
 SWITCH co-optimizes capacity investment and hourly dispatch

e System-wide approach is key

— Geographic diversity reduces overall variability of demand and
renewable output

— Sharing of flexibility
resources

North American Electric Reliability Corporation Interconnections

 Hourly demand and
renewable output
profiles are used

EASTERN
INTERCONNECTION

— Goal is to capture the
temporal relationship
between demand and 4
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SWITCH-WECC:
Minimize future power system cost while meeting
demand, reliability, and policy constraints

Main constraints: demand, reliability, and policy
e Meet projected electricity demand in every hour
e Maintain a planning reserve margin in every hour
e Maintain operating reserves (spinning and quickstart) in every hour
e Meet renewable portfolio standard (RPS) and distributed generation goals
e Meet carbon emission cap

Main variables: investment and (linearized) unit commitment
e |nvest in new generation, transmission, and storage capacity in each
“investment period”

e All investment periods are optimized simultaneously
e QOperate or retire existing generation capacity in each investment period

e Linearized unit commitment for representative hourly timepoints

* Six categories of generators with different levels of flexibility (baseload, flexible
baseload, intermediate, peaker, hydropower, and storage)

e Transmission, storage, demand response
e Renewable energy certificates



geothermal, biomass, biogas

sulfur battery

Hydroelectric generators:
existing turbines are

constrained by monthly
water availability and
minimum flow

http://rael.berkeley.edu/switch

[The SWITCH-WECC Model
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Linear Program Around Least Cost

Objective function: minimize the total cost of meeting load

Generation and Storage

Capital

EGSJ T
8.

The capital cost incurred for installing a generator at plant g in
investment period i is calculated as the generator size in MW G
multiplied by the cost of that type of generator in $2007 / MW

Cyiv

Fixed O&M

+ (epg + E Gg’i) Xy
g,1

The fixed operation and maintenance costs paid for plant g in
investment period i are calculated as the total generation
capacity of the plant in MW (the pre-existing capacity ep, at plant
g plus the total capacity G, installed through investment period i)
multiplied by the recurring fixed costs associated with that type
of generator in $2007 / MW x, .

Variable

+E 0, (mg., + fos "‘Cg,;)' hs,

8.t

The variable costs paid for plant g operating in study hour t are
calculated as the power output in MWh O, , multiplied by the sum
of the variable costs associated with that type of generator in
$2007 / MWh. The variable costs include per MWh maintenance
costs m,,, fuel costs f,,, and carbon costs c,,, and are weighted
by the number of hours each study hour represents, hs,.

Transmission

+ E ’I:z,a',i. la,a' ’ lu,a',i

aa'i

The cost of building or upgrading transmission lines between two
load areas a and a’ in investment period i is calculated as the
product of the rated transfer capacity of the new lines in MW
T,..i » the length of the new line /,,, and the regionally adjusted
per-km cost of building new transmission in $2007 / MW - km,
t, .- Transmission can only be built between load areas that are
adjacent to each other or that are already connected.

Distribution

The cost of upgrading local transmission and distribution within a
load area a in investment period /i is calculated as the cost of
building and maintaining the upgrade in $2007 / MW d,, .

Sunk

Sunk costs include ongoing capital payments incurred during the
study period for existing plants, existing transmission networks,
and existing distribution networks. The sunk costs do not affect
the optimization decision variables, but are taken into account
when calculating the cost of power at the end of the
optimization.




Overnight Cost

Figure 3

Overnight Captial Cost Average ($2007/W,)

Declination Rate

(olyr)
-0.56
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Figure 3: Annual overnight cost declination rates and overnight capital costs by investment period in the Base Cost scenario
for each generator and storage technology. Costs for technologies not available for installation in 2014 are not shown. CSP
denotes concentrating solar power (solar thermal). Many of these values are varied in generator cost sensitivity scenarios
described in Section 3. Overnight capital costs do not include regional capital cost multipliers, interest during construction,
grid connection costs, local grid upgrade costs, and operations and maintenance costs, though these costs are included in
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each optimization. See the Online Supplemental Information for more information.



2012 estimate: already too high on solar costs
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Figure 5. Base Cost scenario cumulative new capacity additions (A) and yearly average system costs (B) by investment period at
$70/tCO, carbon price adder. Nonfuel costs include capital, operations, and maintenance costs.



The SWITCH-WECC Model (Energy Policy, 2012)
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fuel within each load area
and average transmission
flow between load areas
in 2026-2029 at 54% of
1990 emissions for the
Base Cost scenario. This
scenario corresponds to a
$70/tCO, carbon price
adder. Transmission lines
are modeled along
existing transmission
paths, but are depicted
here as straight lines for
clarity. The Rocky
Mountains run along the
eastern edge of the map,
whereas the Desert
Southwest is located in
the south of the map.



CO, Emissions (vs 1990) >

Yearly Generation in 2026-2029 (TWh/Yr)

High-Resolution Modeling of Clean Energy Futures
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LEAST-COST LINEAR PROGRAM MODEL
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- TOP: CO, emissions relative to 1990

-  BOTTOM: power generation by fuel in
2022029 as a function of carbon price
adder

- Climate stabilization target of 450 ppm
is reached at a carbon price adder of ~

$70/CO,.

http://rael.berkeley.edu
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Figure 9

-6-Base Cost
=®—Low Nuclear Cost
Low Gas Price
High Gas Price
=®—-High PV Cost
~®-Low CSP Cost/ High PV Cost

100% 120% 140% 160% 180% 200% 220%
CO, Emissions in 2026-2029 (% of 1990 levels)

Figure 9. Average cost of power in 2026-2029 as a function of carbon emissions for all scenarios. Each point represents an optimization
performed at a distinct carbon price adder, with the rightmost and leftmost points on each line representing optimizations at 50/tCO,
and $100/tCO, respectively. Intermediate points range between these values in steps of $10/tCO,. The broken y-axis allows for ease of
comparison of the cost of power between scenarios but visually overstates the magnitude of power cost differences. For example, the
Base Cost scenario power cost increases by only 18% when moving from the far right of this plot to the 450 ppm target line.



At 450 ppm target

in 2026-2029: Low Nuclear Low CSP Cost/
Base Cost Cost Low Gas Price High Gas Price High PV Cost High PV Cost
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Nelson, J. et al., Energy Policy, 43 (2012) 436—-447 | http://rael.berkeley.edu/switch




Power cost uncertain but not limiting post-2030

« System flexibility crucial to cost containment by 2050
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Dispatch in 2050:
Flexibility and variable renewables dominate

e Storage almost exclusively moves solar to the night
 Geothermal only remaining substantial baseload
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ductions possible

iC emission re

Drast
even without nuclear, CCS, large-scale bioelectricity

Scenarios to meet 80% decarbonization (450 ppmv equivalent)

Solar

Wind

Biopower
M Biopower CCS

Gas

Gas CCS
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700 Increased Efficiency: portfolio of measures in Policy Landscape ded R
| buildings, transportation, and industry; Long term targets neede
Y 195, por ’ ys Long term targets and
600 ' : electricity decoupling accelerated implementation
e Low-GHG Electricity: low-GHG loading neededbl. oy y
1 . .
Lo order, renewable energy, fossil fuels with No enabling policy framewor
— e carbon capture and storage, nuclear
o 500 .
g |
8 : Heating Electrification: water and space
§ 400 : heating in buildings, some industrial processes
1
E 43% Vehicle Electrification: plug-in hybrid and battery
o electric vehicles, including cars, trucks, buses and trains
[7,]
2 300 '
HE_, ‘l’ Low -GHG Biofuels: cellulosic ethanol
(G) — and advanced biofuels
S 200 AN |
P \‘l, Conservation: less driving,
i e v\more reuse and recycling
1
| ]
100
35%
16%
0
2050 2050
Reference Compliant
Case Case

Wei M, Nelson, J.H, Greenblatt, J.B., Mileva, A., Johnston, J.,Ting, M., Jones, C.M., Yang, C., McMahon, J.E., Kammen, D.M,,
Deep carbon reductions in California require electrification and integration across economic sectors. Environmental Research 51
Letters (8) 014038




Exploration of Solar Targets



Among Global Energy Sources

World Energy Use 23
15 TW-yrs per year

Wind

11 ‘
‘ Natural Gas
OTEC
6
Renewable Energy

(Annual Reserves) 4 Biomass Petroleum

, @
05 Hydro
03 o
L ® Geothermal
Tides

Waves
Uranium
FINITE ENERGY
(TOTAL RESERVES)
Coal

© Richard Perez — Used With Permission



Solar is by Far the Most Abundant

World Energy Use
15 TW-yrs per year

23

Wind
11

OTEC

Solar

40,000

TW-yrs per year

4 Biomass

, @

0.5 Hydro
03 ®
© o Geothermal

Tides Waves

Natural Gas

Petroleum

Uranium
Coal

© Richard Perez — Used With Permission




US Solar Resource Dwarfs Other Markets

GERMANY

kWh/m2/Year

I S
\§ \\@ \‘\$ \5& \'& \"’é \éP \“@ \‘? \# ‘\,ép -\\@ ‘{lé -p@ 1.@ .{a&

Map Source: National Renewable Energy Laboratory for the U.S. Department of Energy



Solar cost decreases 10% per year

Cumulative production GigaWp

0,1 1 10 100 1,000
i
$5.00 :
: Z}% Glotbal
I eneration
I(rj'g:?l!)efd | from PV
Electricity :
$/kWh :
|
$0.50 :
|
|
!
$0.20 Today |
Retail Natural Gas Electricity TN |
Grid Parit . '
4 «2015 |
Wholesale Coal Electricity s |
$0.05 > \%\2\020
Source: Professor Emanuel Sachs, Massachusetts Insititute of Technology. ;

* Assumes annual production growth of 35% and an 18% learning curve. PV costs based on 18% capacity factor and 7% discount rate

Source: Professor Emanuel Sachs, Massachusetts Insititute of Technology.
*Assumes annual production growth of 35% and an 18% learning curve. PV costs based on 18% capacity factor and 7% discount rate.




The Evolving Solar Energy Economy
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PV module price (2010 USS/W)

[y
(&)

0.5

E Jo7e
2 e Sj
_ ® Si wafer
2 L A Thin film (First Solar)
1 @
| L 1
*y s
b
- ~
5 ®
a ‘%
o ”‘. 2
- ~
~
| ™~ W 2006Q1 °
AAA .
v L“*A 2011
2011 Q2 ~
~ ~
e S
T T T T
10MW 1GW 100GW 1TW

Global cumulative installed PV capacity



Solar for $0 Down, in Increasing Markets

- SolarCity S

Rasidantial Commarciad  Energy EfMckency  Frae Cormultation  About Us  Customer Logn

Sclar Servves  Effaency Semvices  SolarBaucs  Gethng Stated  Froe Consukaton

Solar
Jip Code
Sl ot [22 ]

Coalowbate Sevings »

SolarLease Save ea Electricity Every Month

Photo Gallery

the grourdbraakin
Solineasats, 3 way for homeowners 1o QO salar
Video without any upfronk cost and =ave money from day
one
News
Dooge Panees wih SolwC iy Go Solar for 80 Dewn
0 Cxaste $230 W Eon Fard for Ty e
Resental Golar Frojects, Now y0u tan ATord ¢ clar without tha high Sl AR s
Natar's Largest o Dok it cozt of instaling & system, [nstead of buying wadbrw 2ized 4N 3ukr pyatan
the eguoment, vou =mply leaza &, SolarLease = e =
ool L the popular resdereial solaf finanding cpeion TR e—

260 milion In SebarCe
$260 on In SebarCiy i the country | wwuch ductricny tr ofaetwhe pon

® 100% Financing accelerating solar home sales

¢ Sale of Energy, not equipment

Never an Increase in your Utility Bill

® >100,000 solar power systems already installed

.::} : UnGEV'TY LOGN TO Semceviry | Tmuearmmne | J 556 SUN 4A

OLAR HONE SPEC

ome  How Dees nMorc?  HawMNach W0 | Sane?  Why Sungavey? “wrgany Bog

" _a_ | PowerOn!
| Pay $0 down and low monthly payments

Save 15% on electricity costs from Day 1’

— Get no-cost monitoring and maintenance

Request your free iQuote today—get it tomorrow.

Entar your home adcrass. Oat an IGeote the wery sect day by small




The Evolving Solar Energy Economy
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Microinverters: A device-level subtle revolution

Traditional Inverter System

Traditional
Central
Inverter

AC

Utility

Web-based [==
Management 5

Communication —
EEEEEE CoaE — '




ALL-ELECTRIC Vehicles (EVs) Entering the Marketplace

Model S $56k+
160-300mi

\% TESLA MOTORS

$32k




The Evolving Solar Energy Economy

Price
(dollars per gallon) (Cents per kWh)

Price

Annual fuel cost

(1,000 dollars)

12 - o
- electricity
14 4
10 || 1 1 1 | 1 1 1 1 1 1 1 1 1 1 I I | I | 1
4— -
B gasoline
o-o"°... “age®’
2 - .............,.....'......000000..0000
0 1 | I I 1 I I I 1 I 1 || 1 1 1 1 1 1 | 1 1
15 ,
C == PV+EV ... solar home - .+ conventional




Electricity demand increases despite drastic efficiency

600,000
500,000 \
<
= 400,000 —4— Reference
o (Frozen
©
< Efficiency) Case
£ 300,000 - == Technical
(&) .
a) Potential
> . .
2 Efficiency
'g 200,000 Tech. Potential +
@ Electrification
100,000

0

2010 2020 2030 2040 2050

e C(California demand with drastic efficiency and electrification of
vehicles and heating (green curve) increases ~70 % relative to
current electricity demand

— Extra services (transport and heating) provided
— Electrification creates winter night peak demand

63



Electrification Creates Winter Nighttime Peak Demand

250 Winter Spring Summer Fall
—~ 295 Median I Peak I Median Peak Median Peak Median Peak
o > )
% (5 200 < \
E 0O 175 &7 '
O A ~
Qw 150 _ v
>3
- 125
(TR=
T o 100
§§ 75 -
We 50
25 -
g —r—m—m——v"r—r—"rrr——
SRR Al A A R R A R R R RS R R Y
Hour of Day (PST)
= Business-As-Usual baseline B CElectric vehicles
Base demand post-efficiency B CElectric heating

== |nput demand profile into SWITCH

Wei, M., Nelson, J., Greenblatt, J., Mileva, A., Johnston, J., Ting, M., Yang, C., Jones, C., McMahon, J., Kammen, D., 2013. Deep carbon
reductions in California requires electrification and integration across economic sectors. Environmental Research Letters 8 (1), 014038. 64



Proposed First Update to the Climate Change Scoping Plan:

Building on the Framework

February 2014

Pursuant to AB 32
The California Global Warming Solutions Act of 2006

Figure 4: Average Household Expenditures on Electricity and Associated
GHG Emissions in the United States and California.*

Household electricity costs, 2011 Household electricity emissions, 2011
$1,600

6.5
$1,322 L
1,200
> $1,004 i
$800 -
2.2
$400 | -_
$0 1 I T
u.s CA u.S. CA
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1
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T
o =, N W & U O N

T

Metric ton CO, per HH

T

Sources: U.S. Energy Information Administration [EIA] and ARB



Drastic power system emission reductions by 2050
are feasible under a wide range of possible futures

Power cost to meet 2030
emissions target:

— Similar to present day
Power cost to meet 2050
emissions target:

— 21 % to 88 % increase from
Business-As-Usual

— 39% to 115 % increase
from present day

Cost increase is in the
context of increasing total
demand

Little technological progress
assumed

— Cost estimates likely
represent an upper bound

Power Cost - WECC Average ($2013/MWHh)
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0.6

0.4

0.2

0 0
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WECC Electricity Demand (TWh/yr)



Power cost uncertain but not limiting post-2030

» System flexibility crucial to cost containment by 2050

240
220 No CCS
= =@ |imited Hydro
§ 200 Aggressive Electrification
\ .« e .
s_'n 180 Reduced Efficiency Implementation
8 == _-40% Carbon Cap / BioCCS
v 160 =@ Expensive Transmission
Q ..
12 D
g? 140 GW Distributed PV
o Small Balancing Areas
> . .
< 120 =8 California 50% RPS
8 =@®=Rase Scenario
w 100
= Sunshot Solar
.é 80 Low Gas Price
S i -20% Carbon Cap / BioCCS
o =®=Demand Response
% 40 New Nuclear
Q.
= -Business As Usual
20
0

2013 2020 2030 2040 2050 67



Power system cost increasingly dominated by
flexibility rather than energy

* Allocation of carbon revenues also increasingly important

WECC Power System Cost (Billion $2013/Yr)

340
320
300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0

2013 2020 2030 2040 2050

I Carbon Cost
B New Storage
New High-Voltage Transmission
M New Distribution
New Solar
New Wind
B New Biopower
B New Geothermal
B Nuclear Fuel
B New Nuclear Non-Fuel
Gas Fuel
New Gas Non-Fuel
B Coal Fuel
H New Coal Non-Fuel
M Existing Plant Sunk
Existing Plant Operational
B Existing High-Voltage Transmission

B Existing Distribution
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Present day to 2030: efficiency, RPS, coal retirements

WECC Generation Mix

Energy efficiency and retirement of coal creates flexibility in
existing power system to integrate wind and solar

— Little new transmission or storage built
Coal is replaced with gas and renewables
— Gas is a source of system flexibility

Wind and solar deployment driven first by renewable policy
targets, then carbon cap post-2020

;(z)g Solar
180 : - Wind
S 160 - - Biopower
O 140 ' | ' Gas
& o | - - ~ GasCCS
o 80 _ _ Nuclear
2 60 —— — S I W Geothermal
40 — — - S — M Coal CCS

® Hydro
2013 2020 2030 2040 2050
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2030 to 2050: renewables, transmission, storage, gas

* Wind and solar key elements in decarbonization
— 37-56 % and 17 — 32 % of energy respectively across WECC

— Some curtailment — who pays?

WECC Generation Mix

Gas installed capacity relatively constant

— Capacity factor of non-CCS gas drops precipitously by 2050

— CCS added to some gas capacity, especially in California

(Average GW)

* Used to integrate variable renewables
e Gas CCS NOT operated in baseload mode

220
200
180
160
140
120
100
80
60
40
20
0

2013

2020

2030

2040

2050

Solar
Wind
Biopower
Gas
Gas CCS
Nuclear
M Geothermal
M Coal CCS
Coal
® Hydro
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Wind in the east, solar in the south

* Gas CCS deployed mostly in California

Pacific Northwest hydro not readily available to California

(Average GW)

0-0.5GW

0.5-1GW
1-3 GW
3-5 GW
5-10 GW
10-20 GW

Electricity Generated
(Average GW)

@@

B Hydro Wind
Gas B Geothermal

P Nuclear Solar

Coal B Biopower Gas CCS
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Transmission built to bring renewables toward coast

e Remote wind is a key driver

New Transmission Capacity
Built Cumulatively
Through 2050
(GW, Thermal)

0-1 GW
1-3 GW
3-5 GW
5-10 GW
10-20 GW
20-30GW
30-43 GW




How Leakage Impacts the Role of
Natural Gas in a Low-Carbon Grid



Motivation

Climate change threatens human society

— Impacts water, food, jobs, conflict, ecosystem

services, sea level, ...
Global GHG emissions by sector, 2004

Lower emissions critical Lo
Electricity is biggest slice

Natural gas can enable e

clean energy, but leakage = T
could overwhelm g Transport

13%

benefits

Industry
19%

Residential &
Commercial buildings

8% 24

IPCC 2007



Natural Gas Roles

* Flexibility can compensate for variability and
uncertainty of renewable energy

* Replacement for coal with less than ~% the
CO, emissions
- However -

e Leakage of CH4 ranges from 1.7-7.9%, enough
to change the story...



Natural Gas Leakage

* Estimates vary

— 1.7-7.9% bottom-up
estimates. Howarth,
2010.

— 2.3-7.7% overall
atmospheric

measurements,
Pétron, 2012.

— 1.5%. EPA, 2012

Leakage by Source:
low & high range

9%
Transport,
89%, st.ora?ge, .and
distribution
7% .
Gas processing
6%
]
& 5%
fé Liquid unloading
v
Q 4%
o
3% | i Routine venting
and equipment
2% —— leaks at well site
1% | — Well completion
0% 0 :
Fracking

Low High
Howarth, 2010.



Methodology

Assign emissions from supply-chain leakage to electric
generation in SWITCH

Run scenarios with a range of leakage values to understand
dynamics and trade-offs

Sensitivity: Change key factors & repeat, see how dynamics
shift

— Low-carbon baseload (CCS)

— Cheap, low-carbon flexibility

— Cheap renewables

— Altered emissions cap

Estimate value of installing leak control equipment based

on system cost reduction of lower leakage rate. Compare
to cost of leak control equipment (if costs are available).



Brief review of generation roles

* Baseload — reduces magnitude of remainder
* Intermittent — Use it or lose it

* Flexible — satisfy remainder

300

250

200 = — ——  — T B

5 150 —f‘\/\/\
(G)

100

50 -

O -

-50
081619170 816210180 816210180 816 311190 816210180 81621018 0 816210180 8160 8160 816210180 816210180 8161 9170 8161 917

Hour of Day
N Nuclear I Geothermal I Biopower Coal
Gas (baseload) Gas (intermediate) W Hydro (non-pumped) M8 Gas (peaker)
[ Storage (discharging) Solar Wind —Storage (charging)

Static System Load Mileva, et. al. 2013



Base Results: 2030

2030 Energy Mix by Fuel & Leakage Rate
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Energy produced by fuel type, TWh/year
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Base Results: 2050

Energy, 2050 Capacity, 2050
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Low-Emission baseload sensitivity:
CCS Results: 2030
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Low-Emission baseload sensitivity:
CCS Results: 2050
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New transmission highly dependent on assumptions

* Planning under uncertainty important
e Expensive transmission increases storage and gas CCS

20
Aggressive Electrification
18
—g No CCS
-z =®—Limited Hydro
' 16
E E Sunshot Solar
E ; 14 Reduced Efficiency Implementation
E g Small Balancing Areas
(72)
SE 1 12GW Distributed PV
E g —e—California 50% RPS
©
o _ 10 «=@=Base Scenario
©
c S5 ~8—-40% Carbon Cap / BioCCS
©
uc_-> s 8 Low Gas Price
e (@)
] _>‘.= ; New Nuclear
oo =®-=Demand Response
= 4 -20% Carbon Cap / BioCCS
=®—Expensive Transmission
2 =& =Business As Usual
0

2020 2030 2040 2050



Dispatch in 2050:
Flexibility and variable renewables dominate

e Storage almost exclusively moves solar to the night
 Geothermal only remaining substantial baseload
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WECC Electricity Dispatch in 2050 (GW)
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Drastic emission reductions possible
without nuclear, CCS, or bioelectricity
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2050 WECC Generation Mix

(Average GW)
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Nuclear Imports? Economical but...

e Qut-of state-nuclear economical at $6.4/W (52013)
— Economics not the only factor for nuclear
— Fraction of imported power in California > 50 %
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Almost all California imports are nuclear
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Demand response incentivizes solar...

more than inexpensive solar capital costs!

* Integration costs dominate at large fractions of solar
— Inexpensive storage (not investigated here) would likely incentivize solar

X 240
S 220 B Solar
c 200 | | Wind
-E = N = W Biopower
5 w1 - Tt 1T 0 T=an
5@ 1160 (7T = = —|=|= —|~|~ = = ~ MEBjopower CCS
5 600 140 1 1 B B B | i B 1 1 B B B B B B | gas CCS
Oog® 1201  — — — + t — - as
Q9 g0 f | | | | ® Nuclear
8 e so 1 + - - I B Geothermal
N
= 6o =l = — | | M Coal CCS
Q a0 - _— Coal
SIS | LR e
— Demand
" Telg 2 2 clal> 2lslg 5 8 8z 5 =
slo 9 © 2|2l ||l © © O £§ 2 32
clo = £ 21818 ¢l2]l> 8 2 2 &5 © S
812 w T E|lg2|ls 8l =z @ B8 g o
2 g T s|l=-|E& E€|lE|lz 2@ & & vES 8
© © = = c R%) fe = o =z o O U g —
o0 © — ) © o Q9 n - c c S5 ¥ %
2 2l &8l= % g 8§ 38E & 3
© S @] (L) o o s a
€ 3 N O O %
v b L8 3
o o <
I




iInsensitive to

demand magnitude

Generation mix composition relatively
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Biomass CCS can provide net negative emissions

* BioCCS increases allowable emissions in the electric power
sector and/or other sectors of the economy

* Electric sector cost of reaching -40% emissions is moderate
X
= 240
S Solar
220 | Wind
o H
5 w4 + - - - 0 - o LT = Biopower
© = el o e e e e e 2l 21 T mBiopowerccs
= 0O 160 o
c o il I 8 § § § § §E § B 8B 0 ® Ob B B
o o % - Gas CCS
o 1204+ + - - - - - - - - 1 -} - = as
O O peell Il 8 8 8 0 8 8 3§ 1} | ®Nuclear
O Z B Geothermal
w <t 80 | | i eotherma
=T ol -~ mCoalCCS
8 40 | | Coal
~ =1 L1 TR
0 - — Demand
S 2 < I 2 S g X 2 & 3 2 2I15% § 2
3 23 5 8 22 2 § 2|12 J|ge e ¢
v e £ s - 5 2 £ =z 3|& 8lze § &
@© © = - c RG] = > o 2 (@] Ol9 o — c
® g g £ 2 2 7 7 S 5|22 ¢ 3
E 2 8 3 S g £[8F 3 3
€ 2 N O O %
" < ~ ~ [}
w o o 2(0
& ¥




Capital Cost of Solar Technologies

—==Reference

SunShot

2015

2020 2025 2030 2035 2040 2045 2050

Source:

Black & Veatch (Reference)
Department of Energy SunShot Program (SunShot)
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Figure 4. System dispatch in 2050 in the (A) Limited Technology SunShot Scenario and (B) Flexible Load Scenario. Total generation exceeds system
load because of transmission, distribution, and storage losses as well as curtailment of generation on resources.
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Sunshot Solar Deployment: 2050

Average Hourly Transmission (GW)
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WECC Storage Deployment through 2050
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WECC Storage Deployment through 2050
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Storage Deployment through 2050
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SWITCH-WECC Capabilities

CA Fossil Fuel Power Plants




SWITCH-WECC Capabilities
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SWITCH-WECC Capabilities

Baseline Scenario - 2030 Air Pollutant Emissions for Select Air Basins
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SWITCH-WECC Capabilities
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DR Potential Assumptions

% Shiftable

2020

% Shiftable
2030

% Shiftable
2040

% Shiftable
2050

Residential

Commercial

Space heating

Water heating

Cooling
Dryer

Space heating

Water heating

Cooling

2%

20%

2%
2%
2%

20%

2%

20%

40%

20%
20%
20%

40%

20%

40%

60%

40%
60%
40%

60%

40%

60%
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60%
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Reference Scenario
2050 Solar Output
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Reference Scenario
2050 Wind Output
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SunShot + Low-Cost Batteries Scenario
2050 System Dispatch
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Demand Response Scenario
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300 T
250 +
200 +
150 +
= ]
(C]
100 -
50
0 -
-50 —
2143152143152 143152141132 14113214113214113 2141132141132 141132143152 14315
Hour of Day PST
E Geothermal N Nuclear N Biopower I Coal N Gas (baseload)
I Gas (intermediate) EE Hydro (non-pumped) © Gas (peaker) I Storage (discharging) B8 CSP 6h Storage
Solar PV I Wind —Storage (charging) —Static System Load —Flexible System Load




I
Cost

- 200
emmmReference
- 190
= Low-Cost Batteries
=== High-Price Natural Gas - 180
"""" High-Price Natural Gas + Low-Cost Batteries
- 170
SunShot
—=SunShot + Low-Cost Batteries - 160 .g
——New Nuclear and CCS =
- 150
~New Nuclear and CCS + Low-Cost Batteries 5'
N
—High-Cost Transmission - 140 ¥
—High-Cost Transmission + Low-Cost Batteries
- 130
—Demand Response
- 120
- 110
[ T T T I 100
2013 2020 2030 2040 2050




SWITCH-WECC Capabilities

Category Currently, SWITCH can: Currently, SWITCH cannot: Planned capability:

Model uses Create long-term investment plans that meet load, Perform detailed unit commitment and Check feasibility and performance of
reliability requirements, operational constraints, economic dispatch to simulate day-to- investment plans with an industry standard
and policy goals using projected technology costs. A | day grid operations security-constrained unit commitment and
simplified hourly dispatch algorithm within the economic dispatch model such as PLEXOS
investment framework captures aspects of wind and
solar variability and mitigation measures for such
variability

Geographic extent | Model the Western Electricity Coordinating Council Expand to the electric power system of the

and resolution (WECC): California, Oregon, Washington, Idaho, entire continental United States and Canada
Montana, Utah, Wyoming, Nevada, Colorado,

Arizona, New Mexico, Baja Mexico Norte, British

Columbia, Alberta

Model 50 load areas or “zones” in the WECC within Perform bus or substation level analysis
which demand must be met and between which

power is sent

Technology Operate the existing generation within operational

options lifetimes
Retire existing generation infrastructure
Install and operate conventional and renewable Determine economy-wide fuel prices
generation capacity using projected fuel and
technology costs. Natural gas fuel costs can be
modeled with price elasticity
Install and operate storage technologies with Install and operate storage technologies
multiple hours of storage duration for power with shorter storage duration
management services
Use supply curve for biomass to deploy bioelectricity | Determine the optimal ratio of biomass Determine the optimal ratio of biomass
plants allocation between electricity and other | allocation between electricity and

end uses transportation

Transmission Install new transmission lines and operate them as a | Enforce AC power flow, stability, and N-1 | Enforce DC power flow, stability, and N-1

network transportation network subject to transmission path | contingency constraints for the contingency constraints in PLEXOS
limits transmission network in the investment

optimization
Operate existing transmission lines subject to Enforce DC power flow for the existing
transmission path limits transmission network and limit power flow of
existing network via phase angle in the
investment optimization
Demand Detailed hourly demand forecasts for 50 load area Evaluate optimal energy efficiency

throughout WECC through 2050, including energy
efficiency, electric vehicles, and heating electrification

installation or electrification decisions




SWITCH-WECC Capabilities

Category Currently, SWITCH can: Currently, SWITCH cannot: Planned capability:
Reliability Ensure load is met on an hourly basis in all load Account for sub-optimal unit-
areas commitment due to forecast error;
include treatment of electricity market
structures
Maintain spinning and non-spinning reserves in each | Explicitly balance load and generation on | Maintain regulation reserves
balancing area in each hour to address the sub-hourly timescale; model system
contingencies inertia or Automatic Generation Control
(AGC)
Maintain a capacity reserve margin in each load
area in each hour
Operations Cycle baseload coal and biomass generation on a Enforce ramping constraints
daily basis and enforce heat-rate penalties for
operation below full load
Enforce startup costs and part-load heat-rate Perform detailed unit-commitment in the | Perform unit-commitment in PLEXOS
penalties for intermediate generation such as investment optimization
combined cycle gas turbines (CCGTs)
Enforce startup costs for peaker combustion
turbines
Shift loads within a day using projections of demand
response potential
Operate hydroelectric generators within water flow | Model detailed dam-level water flow or
limits environmental constraints
Policy Enforce Renewable Portfolio Standards (RPS) at the Model unbundled RECs Enforce NOx and SOx caps
load-serving entity level using bundled Renewable
Energy Certificates (RECs)
Enforce a WECC-wide carbon cap or carbon price Provide global equilibrium carbon price
that escalates over time or warming target; assess leakage or
reshuffling from carbon policies
Enforce the California Solar Initiative (CSI) and other | Assess incentives for distributed
distributed generation targets generation
Environmental No capabilities currently Enforce localized criteria air pollutant, Tabulate regional criteria air pollutant, water
Impacts water use, land use, and wildlife use, and land use values for each scenario
constraints
Uncertainty Perform deterministic, scenario-based planning Perform stochastic planning Develop robust optimization plans using
multiple scenarios

Does not model markets — but could design markets around these results
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Simple steps for a sustainable future

Shopping Take Action

Build your action plan Total Reductions

12 1.6

tons CO,/year

10 $/yr saved: $706
Upfront cost: §2030

Total Footprint

33.5

tons COy/year

43.6% Better
than the average
household in Davis,
California with 2 people
and similar income.

Metric tons CO2/year
o

- Travel Home
=3 m-m

(o || 2, \ otars1 \ Ut \

E mtCO,e/yr S/yr S/yr

| Pledge | Telecommute to Work 061 $405 o
 Pledge  Carpool to Work 0.5 $323 s
 Pledge  Practice Eco-Driving 095 5256 s
 Pledge  Maintain My Vehicles 0.75 $201 s
| Pledge | Buy a More Efficient Vehicle 064 $171 s2000 |
M Go on a low carbon diet -0.01 $97 $0 I
M Reduce Air Travel 0.42 $94 $0 I
[M Ride my Bike 0.33 $89 s
 Plodge  Take Public Transportation 022 $89 o
| Pladge | Line-dry Clothing 0.13 $76 s
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Simple steps for a sustainable future

Shopping

Start with a quick footprint estimate

l California (CA), United States l

How Man le live in your household?
| Average +
5l

hold income?

What is your gross annual h
[ Average DL

California
Total

) 43.9

tons COy/year

The foctprint of the
average household
in California with
average size and
similar income.

Metric tons CO2/year
-]

Food Goods

Home Services

terms of use | documentation | F.A.Q. | take our survey




INTRODUCTION

TRANSPORTATION HOUSING

SHOPPING SUMMARY

Carbon Footprint Summary tons co,e / year)

Transportation s 14

Climate Action Plan Summary

MY CURRENT FOOTPRINT 41 100%
Pledged reductions 5 12%

Housing -2
Food —_— B Offsets 0 0%
00 S MY NEW FOOTPRINT 36 88%
Goods — iranial <avi -
i — inancial savings per yr
Saricas / 10 year net savings $20321
Total —— 36 I_j
i Footprint - Offsets = Pledged reductions Payback M fd
1) Click iz 2) Pledge 3) Save | [ assumptions 4 cogenr Sy 10 year net
I Pledge all reduced ©  saved ©  savings ©
v BT g Buya More Efficient Vehicle 1.86 $500 $3000 -
v BT g Telecommute to Work 1.07 $528 $5280
BT g®) Ride my Bike 0.58 $156 $1560
[ view | ﬂ Take Public Transportation 0.47 $156 $1560
BT g Practice Eco-Driving 0.93 $249 $2490
BETEE g Mairtsin my Vehicles 0.71 $190 $1900
BT g Reduce Air Travel 0.45 $100 $1000
[ view | Q Offset Remaining Transportation Footprint 13.07 $-261 $-2610
v BEETE M8 switchto CFLs 0.18 $63 $721
[ view | ﬁ Turn Down Thermostat in Winter 0.52 $95 $950
[ view | ﬁ Turn up Thermostat in Summer 0.15 $54 $540 o
[ view | ﬁ Choose an Energy Star Refrigerator 0.05 $17 $140
[ view | ﬂ Dry your Clothes on the Line 0.22 $75 $750
BETE M Purchase Green Electricity 0 $0 $0

v
-~ o - e .rﬂn‘
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Carbon Footprint Calculator

Greenhouse gas and sustainability
calculators:

http://coolclimate.berkeley.edu
http://coolclimate.berkeley.edu/maps
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Carbon footprint of average U.S. household
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Spatial Distribution of U.S. Household Carbon Footprints Reveals
Suburbanization Undermines Greenhouse Gas Benefits of Urban

Population Density
Christopher ]one:s”"T and Daniel M. Kammen® %%

TEnergy and Resources Group, *Goldman School of Public Policy, and §Department of Nuclear Engineering, University of California,
Berkeley, California 94720, United States
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Household GHG emissions in New York Metro Region
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Household GHG emissions in four metro regions
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Min, Mean and Max Carbon Footprints of Zip Codes
Within Metropolitan Statistical Areas
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Figure S-4. Min, mean and max carbon footprints of zip codes within metropolitan statistical
areas, ordered by log of population density (x-axis). Linear goodness of fit lines are drawn
between min. mean and max values. including R-squared for each line. Results from six
metropolitan regions are labeled. including Jamestown NJ (lowest mean HCF). Chico, CA
(second lowest mean HCF), Portland, OR (includes zip code with lowest HCF), Minneapolis,
MN (highest mean HCF), Philadelphia, PA (includes zip code with highest HCF), and New
York, NY (highest population density).
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California Climate Action
Support Tool (CCAST) RA L

California Environmental Protection Agency H .
ARRESOURCES BOARD CoolCalifornia.org

Introduction: This tool does NOT:
This tool is intended to help California local identify effective and feasible gas (GHG) reduction strategies 1) Give credit, as defined in & cap Mu mde program.
and policies, which can be incorporated into a jurisdiction’s dimate action plan. 2) Assume the gas will cecur precisely at the value reported
with this tool (e.g., # 50 MTCO2E redumnn is reported with the tool, the ACTUAL reductions may or
Instructions: may not accur at this value);
1) Introduction page: Adjust any cells in yellow on the introduction page. "Smart defeult” values are provided for each all cells in the tool. [3) Give guidance on how to verify emission values reported within this tool. (This work is done by the
2) Review information on supporting tabs and make any desired changes to assumptions for measures. Lecal Government Toolkit & Local Government Operations Protocol)
3) Consult ien: link to 4) Guarantee GHG emission reduction compliance with the California Environmental Quality Act
7 4) Review results on introduction page (CEQA).
8
9 1. Select your County [ Example CA County]
10 2. Select your municipality | Example CA City |
11 3.Yearof assessment|  2012|
12 4. Critical assumptions based on
13 Population Daytime Electricity Rate ($/kKWh) Inflation Rete 3.0%] C ity MSW (tons/yr) 000
14 # of Municipal Employees Night time Electricity Rate ($/kWh) Electricity Inflation Rate 3.0% MSW Diversion mneE 55.1%
15 Sq.f. of Government Facilities Residential Net. Gas Rate ($/kew.ft.) Natural Gas Inflation Rate 2.0% Waste Region Not Applicadle
16 Electric Utility Commercial Nat. Gas Rate ($/keu.ft.) z Gascline Irflation Rate 3.0% Air Districs "SOUTH COAST Carbon print of municiy 2
17 Natural Gas Utility Waste Dispesal Rate ($/sheet ton) [P $257.73| Nominal Discount Rate {without inflation) 8.0%| Res. Water Rate ($/gallor) 7 0.0020 USEHOLDS  BUSINI
18 Climate Zone Price of Gascline ($/gallon) Electricity Emissions Facter (tCO2/kWh) 0.000324 Hydro Zene "South Coast TRANSPORTATION 578,823 271
19 Price of Diesel ($/gallon) % homes buit before 1980 7 63% BuLDINGS " 2868407  1,15]
20 Gooos B SERVICES 7 711,569 7 1,504
21 Benchmark Carbon Footprint Results TOTAL 1,577,232 2,934
22 Units ¥ 357147
g Carbon Footprints of Community Entities Carbon Footprint of Local Government Operations
25
=0 LOCAL GOVERNMENT
27 “ MUNICIPAL GOVERNMENT FOOTPRINT
:: et Electricity 'Dllﬂhﬂisi 939 ey
30 BusiNEsses fployee ) Notural Gas | 4,038
31 - Public Transit Other Fusls
32 HOUSEHOLDS “ Vesic fleet Waste " iem
 Water
33 Water 901
° 5,000,000 “waste Veehicle Fleet 4
* Gther Fuels. 4
metric tons CO2e per year  Natural Gas Public Transit o
“TRANSPORTATION ~ BUILDINGS GOODS & SERVICES = Electricity Commute
Air travel L
GHG Mitigation Measures Results Procurement
paying Tifetime Annual r r
of metric tons Simple Levelized
Adoptio measure | CO2e saved Annual net payback Cost $/metric ton CO2e
Measure n rate rs) |over lifetime | Upfront Cost| savings (years) (Savings) saved NPV TOTAL 18,679
BUILDING & FACILTIES Househelds, Houserold Exceed Title 24 for Aesidential Construction 50,544 $5,100,000 $484,045 105 -$113,536 -s22 $1,562,600
SUILDING & FACILTIES suchasing policy surchase Energy-Efficient Heating 1 3,884 $87,000 $20,160 4.3 -8,340 -s21 $61,380 Water assumed to be 50% of waste
SUILDING & FACILTIES suchasing policy surchase Energy-Efficient Cocling 10 789 $295,528 $22,704 130 [ 33,061 $39 I -s35,115
SUILDING & FACILTIES install Reflective Roofing 183 $178,000 $140,399 13 -5127,467 -$20,845 $1,754,567
SUILDING & FACILTIES Lccal Government [ Recommissioning of existing builcings 50% 20] 22,014 $398,850 $454,612 [X] -5422,607 -5384 $5,266,618
SUILDING & FACILTIES suchasirg policy Use Energy-Efficient Computers 10 172 0.0 $20,203 N/A -$20,203 -$1,172 $156,000 -
SUILDING & FACILTIES suchasing policy Use Energy-Efficient Copiers 10 6 0.0 $528 N/A -s528 -$831 $4,077 A
SUILDING & FACILTIES suchasing policy UH: Ew;rﬂﬁtum Printers 10 32 0.0 53 168 N/A vsz 158 vsm $24,464 +
SUILDING & FACILITIES 1,078 $1,705,711 2,447 1,841,705 X
R Introduction / Copyﬂghl ) Bulldlngs o Bulldlngs Data | Power /| Power Dm | Solid Waste / Solld Wasle Data ) Slreexllgms ) S!reelllghls Data | Transit / Transit Data BRI

Normal View

Ready l ]Sum- 10 v [ [ ] [
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Marginal abatement curve, transportation
Davis CA households

offset remaining carbon footrpint | |

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

. Improve fuel economy by 20mpg

L. reduce air travel by 1,000 miles
L LIE walk, bike 20 miles per week

L walk, bike 20 miles per week

carpool

| Telecommute 20 mi per week




Energy upgrade options for typical Davis CA home

Photovoltaic system
Programmable thermostat
Air sealing (50%)

Attic insulation (r-11 to r-39)
Gas furnace

Duct Sealing

Air sealing (25%)

Wall insulation

Indoor lights

Lower thermostat in winter
Windows

Line dry clothing

Gas water heater

Raise thermostat in summer
Slab insulation

Turn down water heater
Duct Insulation

Clothes washer

Turn off lights

Dishwasher

Refrigerator

Central air conditioner
Unplug appliances

Switch to gas dryer

Cool roof

(500) - 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Ibs CO2 saved



Sign In | Sign up

CoolCalifornia.org

GOVERNMENT » UNIVERSITY » NGO PARTNERSHIP
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Shortcuts

Money to Get You
Started

LEARN MORE»

California Success
Stories

Save Money & the
Planet

LEARN MORE»

Reduce Your
Climate Impact

WELCOME TO COOLCALIFORNIA.org, our goal is to

provide resources to all Californians in order to
reduce their environmental impact and take action
to stop climate change. Realizing local
governments, businesses, schools and individuals
have different needs, we have customized pages
for each audience. Click the tabs above to find:

Climate Awards

LEARN MORE»

Give us your
Feedback

¢ Money saving actions and best practices
* Financial incentives for actions and projects

e Carhon footprint and greenhouse gas emissions
calculation tools

CoolCalifornia

e (Case studies and Success stories
Stay informed on our latest e Educational resources
neyys!

So, come on, be “cool” and check out the
resources on CoolCalifornia.org today!

& Subscribe
' Unsubscribe

B |

Popular content

e Calculator

¢ Household Actions
e AboutUs

¢ Small Biz Actions

¢ Small Business Award
Program

Recent Case Studies

e Diamond D General
Engineering
Heavwy civil general
engineering construction
company...

e The Living Christmas
Company



City of Davis
Percent of Work Commutes by Car

I'so

ole

-

Percent Car Travel
21.173469 - 34.311224

34.311225 - 47.448980

I 47.448981 - 60.586735

I 60.586736 - 73.724490 Parks
B 73.724491 - 86.862245 Schools

I 55.862246 - 100.000000 [ ciyimits




City of Davis
Avg. Commute Length & Number of Vehicles per Household

rson Rd.

\

Number of Vehicles Estimated Commute Time
‘ er Household (Minutes)
No vehicle available . 1-20

_ ) Parks
B 1 vehicle available 21-22

) ) Schools
- 2 vehicles available - 23-24

[ cityLimits

- 3 or more vehicles available - 25-27



City of Davis

Median Household Income
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2011 Adjusted Dollars
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Renewable & Appropriate Energy Laboratory

Greenhouse gas and
sustainability calculators:

http://coolclimate.berkeley.edu
&
http://www.coolcalifornia.org



NCRE 0.4% Hydro

36019 MW

Four Grids in Chile s

Conventional Coal
99.6% Diesel
Fuel Oil No.6
Natural Gas

* Production Mix for 2011
SIC

Dam (< 20mw)

Black liquor gasification
Wind

Forest waste turbine

NCRE 3.34%
715_5';2, 9,385.7 MW
; Conventional Steam coal
¥ Biomass 96.7% Diesel fuel
IFO 180 fuel
H Coal Open cycle gas
Combined cycle gas
Oil derivatives
Gas
Ol
. Hydro
E Reservoir Hydro ki W)i,m;
AYSEN
. 0.4% 5045 MW
SI N G Run of River ' Conventional Diesel
Hydro 44.9%
NCRE 0%
MAGALLANES 98.7 MW
0% Conventional Natural Gas
100% Diesel

Source: http://www.investchile.cl/opportunities/
renewable_energy/renewable_energy/
regional_distribution_of the_sector




SWITCH-ChlIe hard pollcy demsmns

DESTRUCCION
iNO ES SOLUCION!

PATAGONIA

iSIN REPRESAS!

FOTOMONTA

Source: http://
Source: http://www.democraticunderground.com/110819602 www.elciudadano.cl




... supports existing policy choices ...

002 emissions with respect to 1990
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Emerging economies drive global energy

demand
Growth in primary energy demand
o 4500 -
o
S 4000 - China
3 500 ~ M India
3 000 - Other developing Asia
2 500 - Russia
B M
5 000 - Middle East
M Rest of world
1 500 -
OECD
1 000
500 -
0 ' I \ \ T \
2010 2015 2020 2025 2030 2035

Global energy demand increases by one-third from 2010 to 2035,
with China & India accounting for 50% of the growth

Source: [EA WEO 2011



Beijing and northern China hit hazardous air
poIIutlon N m|d Jan 2013

n?‘w;‘ﬁ

Beijing

Source: http://earthobservatory.nasa.gov/I0OTD/view.php?id=80152



Engaging China on Clean Economic Growth
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Data Source: Gang He and Daniel M. Kammen,
China Statistic Yearbook; CEC; Chinese Renewable Energy Industry Association. 2020 targets
proposed by Chinese planners



A energy and development strategy
for the next decade
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For meeting of
Committee: Monday, April 11,2011

COMMITTEE ON DEVELOPMENT EFFECTIVENESS

FROM: The Secretary, Committee on Development Effectiveness

Energizing Sustainable Development:
Energy Sector Strategy of the World Bank Group

66 The WBG will finance greenfield coal power generation projects in IDA countries only, and in
accordance with the WBG operational guidance on screening coal projects. The WBG fully recognizes
that coal will continue to be used across developed and developing countries in the coming decades.
However, given its limited resources, the WBG will restrict its financing in power generation to ID@
countries for the purpose of increasing access and improving the reliability of energy services. No new
coal-based power generation project will be financed in IDA-blend or IBRD countries.” The WBG would,
however, consider assistance for emerging technologies, such as coal-combustion pﬁmts with carbon
capture and storage, in all countries. The World Bank is supporting institutional capacity building
through the Carbon Capture and Sequestration Capacity Building Trust Fund, launched in December
2009 (Annex 1).
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For meeting of
Committee: Monday, April 11,2011

COMMITTEE ON DEVELOPMENT EFFECTIVENESS

FROM: The Secretary, Committee on Development Effectiveness

Energizing Sustainable Development:
Energy Sector Strategy of the World Bank Group

85 The WBG will undertake GHG emissions analysis in energy investment projects as a business
requirement to help countries identify lower-emissions alternatives and seek additional financing. The
practice of undertaking GHG emissions analysis will be extended beyond coal projects



Dense Networsk: Systems Science
and California’ s Greenhouse Gas and
Local Environmental Goals

1979 Decades of sustained energy efficiency investments
1980 Decoupling electricity revenues and sales

1996 Electricity de-regulation (a mess) & re-regulation
2000 Electricity loading order (EE / RE / fossil)

2006 2050 target of 80% less greenhouse gas emissions
2006 Global warming solutions act (25% reduction by 2020
2007 Low-Carbon fuel standard (1% less CO,/mile/year)
2010 Increase RPS to 33% of electricity from RE by 2020
2012 Electric vehicle mandate (1 million EVs in 2020 years)
2012 12 GW DG Mandate

155



700 Increased Efficiency: portfolio of measures in Policy Landscape ded R
| buildings, transportation, and industry; Long term targets neede
Y 195, por ’ ys Long term targets and
600 ' : electricity decoupling accelerated implementation
e Low-GHG Electricity: low-GHG loading neededbl. oy y
1 . .
Lo order, renewable energy, fossil fuels with No enabling policy framewor
— e carbon capture and storage, nuclear
o 500 .
g |
8 : Heating Electrification: water and space
§ 400 : heating in buildings, some industrial processes
1
E 43% Vehicle Electrification: plug-in hybrid and battery
o electric vehicles, including cars, trucks, buses and trains
[7,]
2 300 '
HE_, ‘l’ Low -GHG Biofuels: cellulosic ethanol
(G) — and advanced biofuels
S 200 AN |
P \‘l, Conservation: less driving,
i e v\more reuse and recycling
1
| ]
100
35%
16%
0
2050 2050
Reference Compliant
Case Case

Wei M, Nelson, J.H, Greenblatt, J.B., Mileva, A., Johnston, J.,Ting, M., Jones, C.M., Yang, C., McMahon, J.E., Kammen, D.M,,
Deep carbon reductions in California require electrification and integration across economic sectors. Environmental Research 156
Letters (8) 014038




* Reference Scenario:

Carbon cap across the WECC: 1990 emissions levels by 2020, 86% below 1990
levels by 2050

No technological cost-reductions assumed with the exception of solar and
battery technologies

Natural gas price from EIA AEO 2012 Reference Case
No new nuclear and CCS plants allowed

Renewable Portfolio Standards and distributed generation targets enforced

 Parameters varied:

Cost of solar technologies
Cost of batteries

Price of natural gas
Availability of nuclear and CCS
Cost of transmission
Combinations thereof
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DR Potential Assumptions

% Shiftable

2020

% Shiftable
2030

% Shiftable
2040

% Shiftable
2050

Residential

Commercial

Space heating

Water heating

Cooling
Dryer

Space heating

Water heating

Cooling

2%
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2%
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2%
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20%
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20%
20%
20%

40%

20%

40%

60%

40%
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Post Industrial Carbon Dioxide Rise

When (years ago): 30 3M 20mM 40 M
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Slide from PNAS paper, Hofmann, et al; Solomon et al, Irreversible Climate Change, 10Feb2009;
Beerling & Royer, Convergent Cenezoic CO2, Nature Geoscience, July 2011



