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Overview:

 Two slides to set the stage



Net CO, emissions (Gt CO, yr™)

What we need to do:
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How much warming by 2100?

Global Emissions of Greenhouse Gases

Estimated
temperature
in 2100:
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Source: 27-Sep-2015 Climate Scoreboard €Climate Interactive www.ClimateScoreboard.org
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A revolution on climate politics

U.S.-China Joint Announcement on Climate Change
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Overview:

* Introduction to the Renewable and
Appropriate Energy Laboratory (RAEL)

« Systems science across scales

» Toward a new industrial policy in the
age of inequality



Renewable and Appropriate Energy
@ Laboratory

Berkeley

http://rael.berkeley.ed



Resources:

Website: http://rael.berkeley.edu

Twitter: @dan kammen
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National and International Roles

THE WHITE HOUSE
Sunmmit on Clismate Change & the Road through Paris
Business & Science Coming Together

Monday, October 19, 2005
Etsenbawer Executive Office Buslding - South Court Audidosium
1230 I'M - 400 PM

Welcome & Opening Remarks

Brian Deese, Senior Advisar & Assistant to the President for Climate. Conservation & Eperpy

Remarks: Scienee, Technology, and tee Road Through Paris
whmalogy & Dinector, O8fico of Scivno

Dr. John Holdren, Assistant 1o the President for Sclunce &
& Techewlogy Molicy

Negotiations State-of-Play in the Final Strefch to Paris
Tom Reynolds, Strate Commiusications Advisor, White House Communsications
Todd Stern, Special Envoy for Climate Change, State Department

Puanel Discussion: Reducing Carbow Pollution

Dan Utech, Doputy Assstant to the President for Enengy & Climate Change
Deborab Gordom, Direstor, Evergy & Climate Program, Carnegie Endowment for Il Peace
Shailesh Jejurikar, President of Fabric & Homn Care, Proctor & Gambl
Dan Kammen, Distingulshed Prodessor of Energy, UC Berkeley
Kevin McKnight, Vice President, Environment, Heaths & Satety, & Chied Scatamablliey Ofticles, Aloos

Kathleen Melaughlin, Chief Sustainability Officer, Wulmart
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Remarks
Ernest Moniz, Secretary of Enengy

Pane! Discussion: Building Climate Resilience

Chiristy Goldfuss, Managing D¥evetor, Council on Environmenial Quality
John Balbus, Setsar Advisor for Public Heath, National Inst. of Envire. Health Sceences
Chris Field, Founding Director, Carnegie Institution's Dopartment of Global Ecalogy & Melvin &

Toan Lane Professor for Interdiscplinary Environmental Studies, Stanfond Univessity
Rarry Parkin, Chief Sustainabifity Offscer, Mars, Incorpocated
Kathrin Winkler, Chief Sustaimability Officer, EMC
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Vice President Joe Biden
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RAEL Policy Design & Implementation
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Overview:

* Introduction to the Renewable and
Appropriate Energy Laboratory (RAEL)

« Systems science across scales

* Toward a new industrial policy in the
age of inequality



Net CO, emissions (Gt CO, yr™)

AN ol Percent Reduction in Greenhouse

Gas Emissions

(and iIf we delay we must go carbon negative)
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|
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How much warming by 2100?

Estimated
Global Emissions of Greenhouse Gases temperature
in 2100:
150 :
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Source: 27-Sep-2015 Climate Scoreboard €Climate Interactive www.ClimateScoreboard.org
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~continue
to drive global energy
demand

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



The climate challenge
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2°C Emergency pathway
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What kind of climate regime can enable this to happen...?



‘Bears bringing their best

UC Berkeley in recent rankings

Best Academic Ranking The World
Public College of World Reputation Best College College Guide
. Money Magazine) Rankings
(U.S. News and World Universities Rankings (
Report, 2017) (Shanghai Jiao Tong (Times Higher (Washington Monthly)
University, China) Education, UK.)
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RAEL Generates Science Based Business,
Spinoffs & Partners

RENEWABLE 3.2 FUNDING

2009 #1 ‘world changing idea’, Scientific American 1 GW micro-hydro contract, Bhutan
[e]¢ enphase EES Ventures
R GY

Worlds largest microinverter company

GRID

ALTERNATIVES

Institute

$500 million grant from BP

-;_ powerhive Nationa

Geographic/Shell

Largest capitalization of minigrid company Great Energy
WORLD BANKGROUP Challenge
Encrgy & Extractives

rael.berkeley.edu



Worldwide Universities
Granted U.S. Utility Patents n
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U.S. DOE Energy RD&D
FY1978-FY2013 Request
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Difference from 1961-1990
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FAR - 1%t IPCC Assessment
(1990): unequivocal detection
of human impact not likely
for a decade

SAR - 2"9 (1995): balance of
evidence suggests discernible
human influence
TAR - 3" (2001): most of the
warming in the last 50 years is
likely (>66%) due to human
activities
AR4 - 4t (2007): most of the
warming very likely (> 90%)
due human activity;
warming will most strongly
and quickly impact
the global poor

SRREN (2011): 80% clean by
2050 possible, if ...



IPCC AR5 (2014):

Climate Projections and Associated
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CA Peak Power: Testimony by Goldstein and Rosenfeld (Dec. 1974)
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California Advancing Energy Efficiency

1.50

n

o

- 125

O

e

O

©

X

o

£ 1.00

c

O

v

o == Rest of United States

& w—— (alifornia

=075

-§ : Savings in Industrial Sector

X Savings in Commercial Sector

Savings in Residential Sector

0.50

1960

1965 =
1970 =
1972 =
1980 —
1985 =
1990 =
1995 -
2000 ~
2005 +
2010



Japanese “Sunshine” Program
way too much detail, but technology push/demand pull is clear
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The Evolving Solar Energy Economy
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Falling Solar Prices Lead to Rapid
Growth

Price of a solar panel per watt Global solar panel installations
v T
$120 $101.05 64,892 MW 70.000
100 » 60,000
\
. \ 50,000
80 x,.
\
. \ 40,000
60 l\
\ 30,000
—_— 1
40 \ ,
. 2 MEGAWATTS 20,000
20 ”T 10,000
. - T’”I 5 e |
0 | . 8800 AN L 1 I8 RS B GG O B WY e 0

1975 1980 1985 1990 1995 2000 2005 2010 20157

*Estimate. Sources: Bloomberg, Earth Policy Institute, www.earth-policy.org



The Challenge is Big...
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Microinverters: A device-level subtle revolution

Traditional Inverter System

Traditional
Central
Inverter

AC

Utility

Web-based ;:;’_‘.‘.‘1
Management |

Communication |
Gateway -
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0.8

0.6
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0.2
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Micro-inverters versus traditional designs

A Energy Advantage: 10.24%
75 \1\
\p‘\h = SMA SB6000US (95.5%) - Blue
[ ) = Enphase — Red
\ = Location: Petaluma, CA
st = Date: November 2007
Time - 1 Day
g Energy Advantage: 33.63%
= Xantrex GT3 (94.5%) - Blue
I "tv A = Enphase — Red
= Location: Grass Valley, CA
e = Date: December 2007




Microinverter Output vs Traditional
Inveters

= Per-module maximum power
production impacted by

- . 0
Cost cor_npargble to X 5~ 40%
conventional inverters |

o Agddiong)
s ENELAY,
o paryest,

rael.berkeley.edu



Cumulative production GigaWp

01 1 10 100 1,00

|
$5.00 1978 :

\* Single crystal, evaporated contacts : 7% Global

Installed N\._* Screen printed metal | f(i_gl’"l:rpa\t/lon
E'ostt (')f't N\ * Wire saws :
ectricity \* Textured mono |
$/ kWh '\, * Aluminum BSF :
i
$0.50 :
|
|
:
$0.20 Today |
Retail Natural Gas Electricity R |
Grid Parit B | :
o «2015 |
Wholesale Coal Electricity e it

$0.05 : \%2020
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% Jearning curve. PV costs based on 18% capacity factar and 7% discount rate,




The Evolving Solar Energy Economy
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PV module price (2010 USS/W)
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Quantifying the benefits of R&D

R&D Fundin
30% - - $400

)

$300 o

?200/0 - 8
Al

:8 - $200 a
= 10% - )
= $100 3
o

0% + $0

1960 1970 1980 1990 2000

39 Nemet, G. F. (2006) Energy Policy 34(17): 3218 - 3232.



Quantifying the benefits of R&D

R&D Funding —» Technological change — ¢

30% 1 - $400 - 50% increase in PV
_ | $300 & _eff|C|er_10y occurs
o 20% - S immediately after
X " L $200 ‘g unprecedented >$1b
= 109 = global investment in PV
it $100 2

i 3 R&D (1978-85)...
0% . E of , ; : : — $0
1960 1970 1980 1990 2000

40 Nemet, G. F. (2006) Energy Policy 34(17): 3218 - 3232. 40



Quantifying the benefits of R&D

R&D Funding —» Technological change — Cost reductions

30% - $400 - 50% increase in PV
_ | $300 & _eff|C|er_10y occurs
S 20% S immediately after
ks " - $200 unprecedented >$1b
O = : :
= 10% o global investment in PV

- $100 = R&D (1978-85)...
0% . v o , ; : $0
1960 1970 1980 1990

| $25.30

...efficiency
iImprovements account
for 30% of the cost
reductions in PV over
the past two decades.

2002 S/'W

ar
12%; Y y
2% 3% 3% . » =
2% 2% 5%
SC . L L ’ L) J 1] L

19739 plant efliciency S water Si vield  poly- un- 2001
price size price size used x-stal explained price

41 Nemet, G. F. (2006) Energy Policy 34(17): 3218 - 3232.




Actions to reduce emissions

GHG Intensity-Demand Diagram

2050 BAU

GHG
Intensity

Emissions
(830 MtCO,e)

Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 42



Four Actions to Reduce Emissions

GHG
Intensity

GHG Intensity-Demand Diagram

2050 BAU
Emissions
(830 MtCO,e)

Fuels ” Electricity

Demand

GHG
Intensity

1. “Low-Carb” Fuels + Electric
.,/
/

GHG
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1. Efficiency

! !
| !
L | el &
i i ¥
I I
, l i
Fuels Electricity

Demand

/

Fuels

Electricity

Demand

2. Electrification

&

Summary
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Electrification

!
|
|
(o
|
|
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Fuels o Electricity
Demand

“Low-Carb”
Fuels + Electricity
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“Low-Carb”
Fuels + Electricity

4

Summary

GHG
Intensity

Electrification Efficiency
I 2050 Target I TI‘-‘;
| i Emissions o =
| (80 MtCO.e) 1
Fuels Electricity
Demand

From: California’s Energy Future — The View to 2050, California Council on Science and Technology, 2011 44



Clean Energy Options for Sabah

an analysis of resource availability and unit cost 2

Tyler McNish™*
Prof. Daniel M.
Benjamin

3

“University of California, Berkeley Renewabie and Appropriate Enerqgy Laboratom
“ University of California, Berkeley School of Law
“University of California, Bel Energy and Resources Group

_University ley Goldman School of Public Policy

--------
A0k

to Professor Kammen, Director of RAEL

http://rael.berkeley.edu/node/609



Land Use for Development and Equity: Laikipia Kenya

.................... Renewable & Appropriate Energy Laboratory

)JRAEL




Borneo Says No
to Dirty Energy

Two-thirds
of Bornean
Bird,
Mammal,
Tree and
Insect
Species
may lose
habitat
forever due
to reservoirs

Land Use for Development and Equity: Laikipia Kenya

M | Species Count
ammal Species Coun /M?

[ 1 -
100 180 ¢ -

A 0 125 250

Bird Sﬁecies Count

150

A 0 125 250

le & Appropria
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JABATAN PEGU/ M EESAR NEGERI SARAWAK o’
(SARAWAK STATE AT TORNEY-GENERAL'S CHAMBERS) T
TINGKAT 15 & 16, Tefefon: 082-441957/440735 Sy 3]
WISMA BAPA MALAYSIA, Faks; 082-430525/444537 ,,..,“,\.AS,;_::;;;:,
FETRA JAYA, 93502 KUCKI G, Lamen Web: www.S80.SErawak.cov.my cxpRwEs gAEmes|
KEMANEORIY RIS

SARAWAK, MALAYSIA,

OurRef, : CSMYYIO01WSY: 2315 Date . 15" March, 2016

Your Ref. .| Plaease advice

Messrs Harrison Ngau & Co. Aclvozates

Lot 1046, 1st Fleor,

Shang Garden Commercial Centr:,

Jalan Bulan Sapit, 98000 Mirl,

Sarawak By Fax 085-421236 only

Dear Sirs,

Re: Inthe High Court in Sabih and Sarawak at Miri
Suit No, MYY-21NCvC-1/. 2015
Plaintiffs : Tama Winu Kalzng & 3 Ors
Defendants : Superinten dent of Lands and Surveys Miri Division & 2 Ors

We refer to the above matter zic “The Land (Native Customary Rights) (No.53) 2014
Direction”,

2. We are please to inform you that the above mentioned Direction has been revokad
vide "The Land Native Customary Fights (No.2) (Revocation) Direction 2016" pubfished on

18" February, 2016 in the Sarawuk Government Gazette under G.N. 568. We forward
herewith a copy of the Gazette for your resord and further action

Thank you.

“BERSATU BERUSAHA BERBA, (7"
“AN OUR TO SERVE"

[MA XIANG RUI]
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Solar is by Far the Most Abundant

World Energy Use
15 TW (102 W) of power
Solar
40,000
TW of power per
year
4
. @
03 05 ‘ Hydro
¢ ¢ Geothermal
Tides  aves

23
Wind ‘
11
‘ Natural Gas
QTEC
6
Biomass Petroleum

Uranium
Coal




Efficiency (%)
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Best Research-Cell Efficiencies

+iNREL

Multijunction Cells (2-terminal, monolithic)

| ¥ Thres-junction (concentrator)

W Three-junction (non-concentrator)
A Two-function (concentrator)

—  Single-Junction GaAs

ASingle crystal

_ AConcentrator

 Thin-film crystal

Thin-Film Technologles
® Cu(ln,Ga)Se;

o CdTe

O Amorphous SiH (stabilized)
& Nano-, micro-, poly-Si

O Multijunction polycrystalline
Emerging PV

0 Dye-sensitizad ceils

@ Crganic cells (vanous types
A Qrganic tandem calls

@ [norganic celis

< Quantumn dot cofis




Les objectifs de la transition énergétique

La volonté du Royaume de porter de 42% de puissance \
L la part des énergies renouvelables Linstallée [ d 52 %
Objectif fixé pour 2020 A I'horizon 2030
Investissement global dans le secteur énergétique entre 2016 et 2030 ’
Pres de 40 30 milliards Objectif E i |
milliards de dollars P Pour les projets de production P Réduction de 32% des émissions de gaz

dont d’électricité de sources renouvelables effets de serre (GES) & I'horizon 2030

O Le Maroc aura a développer (entre 2016 et 2030)

Une capacité additionnelle de production d’électricité
de sources renouvelables d’environ

> 10.100 MW

4200 MW 1330 MW

¢olienne hydro-¢lectri

Source: Ministére de I'Energie, des Mines, de I'Eau et de 'Environnement



June 2, 2016: Saeed Mohammed Al Tayer
CEO of Dubai Electricity and Water Authority (DEWA)

300 M\, CFenf® IFat-2.99 cents/kWh
Location: M rn:r irriee] oln & ashld Al:Maktoum Solar Park
Dubai’s goal:

wWe STl ootprlnt of any. city'in the world









Lancaster, CA: The first city In
the US to mandate solar on new
construction

56



‘Desert Sunlight Solar

g Project
! 550 MW
Riverside County, CA
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The World’s Largest Solar Thermal Power Plant
(Trough)
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The orld’s Largest Geothermal Power Plan

w“- ‘ w s, _n
.

»'._~ \ ’
L e -
L . "
\-\\ | -..-nl_-.ni-. -~ ¢
8 |
__ Geysers Geothermal Power Plant .- .
955 MW 3 - s T BN s L’_’.‘.
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EnerVault Iron-Chromium Technology -
1 MW-hr capacity at 250 kW (4 hour durz_t-i.on)
Turlock, CA

Ene:Vault

- = y -

i T




The World’s Largest Wind Project

Alta Wind Energy Center
1550 MW

Kern County, CA
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Largest Manufacturing Operation

in CA is now Electric Vehicles

- e . - " ok —'~"§3= Lo ?:.-'_-
Automation is allowing  F== (N é’

“on-shoring” of
manufacturing processes

back from Asia P =W

Over 3,000
workers now
working at the
Tesla Factory

Tesla Factory - Fremont, CA



Fastest production car ever: 0—60 in 2.5* sec.

The fine print: At $144,000 the Model S P100D with Ludicrous mode is the third
fastest accelerating production car ever produced, with a 0-60 mph time of 2.5*
seconds. However, both the LaFerrari and the Porsche 918 Spyder were limited
$1 million dollar cars and cannot be bought new. Those cars are small two
seaters with very little luggage space, the pure electric, all-wheel drive Mddel S
P100D has four doors. seats 5.




Tesla Model 3: $35,000 in 2017

Designed to achieve Autopilot Hardware Supercharging
5-Star Safety Rating



http://rael.berkeley.edu/switch

Appiied Energy 162 (2016) 1001-1009

Contents lists available at ScienceDirect

Applied Energy

journal homepage: www.elsevier.com/locatefapenergy

Power system balancing for deep decarbonization of the electricity @ T
sector

Ana Mileva**, Josiah Johnston”, James H. Nelson “, Daniel M. Kammen "

“ Energy and Environmental Economics, inc. (£3), Unired Stares

" Energy and Resources Group, University of California, Serkeley, Unired States

" Union of Concerned Scientists (UCS), United States

? Goidman Schoo! of Public Policy, University of Californis, Serkeley, United States

HIGHLIGHTS

« System balancing needs for deep decarbonization are dependent on technology mix.
« Solar PV deployment is the main driver of battery storage deployment.

« Concentrating solar power with thermal storage is valuable for its dispatchability.

» Wind exhibits seasonal variation, requiring storage with large energy subcomponent.
» Low-cost solar PV and battenies can mitigate the cost of climate change mitigation.




Power System Models
http://rael.berkeley/edu/project/SWITCH

China, 4/2016

Ao

WECC (Western \‘i—-ﬂ Kosovo J ) <
North America) ;i 3/2013 j ~ Malavsi
5/2012 J ' e 12013
« f Q\ |
Nicaragua: / |
6/2014 r'r’
i India, Planned:
Chile 1/2017

412014 l East African
Power Pool
(EAPP):
1. Kenya
(6/2016)

2. ? (Selection
underway)



Linear Program Around Least Cost

Objective function: minimize the total cost of meeting load

The capital cost incurred for installing a generator at plant g in
EG‘H ;" Col investment period i is calculated as the generator size in MW G,
7 multiplied by the cost of that type of generator in 52007 / MW

Co.in

Capital

The fixed operation and maintenance costs paid for plant g in
investment period i are calculated as the total generation
+ {epg 4 E G;:_-.: ) X, capacity of the plant in MW (the pre-existing capacity ep, at plant

i g plus the total capacity G, installed through investment period i)
multiplied by the recurring fixed costs associated with that type
of generator in 52007 / MW x_ .

Fixed Q&M

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
+E (}H~ [mw +f,,+ {"w} hs, | of the variable costs associated with that type of generator in

' 52007 / MWh. The variable costs include per MWh maintenance
costs m,,, fuel costs f,,, and carbon costs ¢, and are weighted
by the number of hours each study hour represents, hs,.

Generation and Storage

2

Wariable

The cost of building or upgrading transmission lines between two
load areas g and @’ in investment period i is calculated as the

i product of the rated transfer capacity of the new lines in MW
+ E?-J.:f' i’ ‘{.ur" Vot i T, the length of the new line [__ ., and the regionally adjusted
aat per-km cost of building new transmission in $2007 / MW - km,
t,.o Transmission can only be built between load areas that are

adjacent to each other or that are already connected.

Transimission

The cost of upgrading local transmission and distribution within a
"‘Ed.u load area o in investment period J is calculated as the cost of
i f building and maintaining the upgrade in 52007 / MW d, .

Distribution

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.

Sunk




Dispatch in 2050:
Flexibility and variable renewables dominate

« Storage almost exclusively moves solar to the night
« Geothermal only remaining substantial baseload

3008 Aa n[ﬁm}tebmarMDr[ﬁm}\AaVEHWun[ﬂ@ulfﬁmug[ﬂmep@dmov@ec

2500 | ‘ ’ —

200

1500

1000

50—

SIRVAVAVAYRVAVAGY IR AVAVRVAT VAV RVA RVAVAVAY A"

WECCElectricityDispatch@n®20504GW)E

_5 0 19(13E 111 8E2(F 101 9@3F 1171 8227 1021 973 111 822E 1021 7211E 9F 18@2E 101 7E10 9 18222 10E1L8E2( 10E1 7213 9 18R2E 10F17E1E 9E 18F2E 10 7R 1E SR 173 1R 9F 18E2F 1071 822E 1021 7@1E 9E 19213( 111 8212F 1018222 10E19E3E 112
Hour®f@DayFPST)x
B Nuclear B Geothermalf B Biopowerl Coalll
B CoalCSE Gaslbaseload)x GasCSE Gas{intermediate)a
B Gas{peaker) B Storageddischarging) M Hydrodnon-pumped)i.  Solarl

Wind[ —Storagel{charging)i Demand?
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Fugitive Emissions: WECC

Base: Carbon budget

2020 2030 2040 2050

technology
. Methane leaks

Gas CT + storage
" GasCT

L

N,
o
O

e —

I | -

Carbon emissions, Mt-CO2eq/yr

-

T 111 T 1T 717 §: 1 F b i T 1T 17T
0 2 46 8 02468024628 024©6 8
NG Leakage Rate as % of delivered fuel
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SWITCH-China: A Systems Approach to Decarbonizing China’s Power
System

Gang He,*"*% Anne-Perrine Avrin,"* James H. Nelson," Josiah ]ohnston,m Ana Mileva,* Jianwei Tian,”
and Daniel M. Kammen® ¥/

"Department of Technology and Society, College of Engineering and Applied Sciences, Stony Brook University, Stony Brook, New
York 11794, United States

*Renewable and Appropriate Energy Laboratory, §E.nergy and Resources Group, and 'Goldman School of Public Policy, University of
California, Berkeley, California 94720, United States

J‘Energy and Environmental Economics, Inc. (E3), San Francisco, California 94104, United States
#China National Institute of Standardization, Beijing 100191, P.R. China

© Supporting Information

ABSTRACT: We present an integrated model, SWITCH- 10 1 BAU
China, of the Chinese power sector with which to analyze the £

economic and technological implications of a medium to long- 8 44! Low Cost
0
term decarbonization scenario while accounting for very-short- Bociciasc
25, |
8 Y il A
“Sbos ¥ BAU with
Carbon Cap

4

e ErF e

insufficient to replace coal; however, an 80% carbon emission s

reduction by 2050 is achievable in the Intergovernmental Panel bt il
on Climate Change Target Scenario with an optimal electricity

mix in 2050 including nuclear (14%), wind (23%), solar (27%), 01990 2000 2010 2020 2030 2040 m(lchc o
hydro (6%), gas (1%), coal (3%), and carbon capture and

sequestration coal energy (26%). The co-benefits of carbon-price strategy would offset 22% to 42% of the increased electricity
costs if the true cost of coal and the social cost of carbon are incorporated. In such a scenario, aggressive attention to research and
both technological and financial innovation mechanisms are crucial to enabling the transition at a reasonable cost, along with
strong carbon policies.

Billion Matric Tons of CO,
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learning curve Is not enough to
w  Nhhaea bt N Alec

100% Carbon Renewabl Target
Cap e
wind

80%
hydro

d \ mnuclear
~ m storage

solar
gas ccs

mgas
m coal ccs

= coal

P

Tm—

60%

P & P g
N 2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050
6000
4000 [ |
[ ] ) =
2000 = B (| = u |
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|| || ‘\ i ‘I II I\ ‘l T ll
2020 2030 2040 2050 2020203020402050 L P A 2020203020402050

Source: He, Avrin, Nelson, Johnston, Mileva, Tian, and Kammen,
2015.



Transmission brings more
renewables online, but also cheap

East_imer_Mono

Xirdang
Toot
- coal
- coal_ccs
K8
solar =10GW
B sorage | 10.20GW
[ [T — Y
B rvde —— soq00aw >
Hainan
wing — =1 YOG

Source: He, Avrin, Nelson, Johnston, Mileva, Tian, and Kammen,
2015.



tch challenge for coal and

ISpa

d

China

renewables

Feburay March April May June July August September October November December

January

3000 GW

1st Day, Represents Peak Day for Every Month

2nd Day Represents Average Day for Every Month
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Pricing Carbon in operation today

Locations of Existing, Emerging & Considered Carbon Pricing Instruments

-

s
SWITZERLAND' / TWANIINT

ALBERTA  MANITOBA NORWAY  FINLAND
| | |
| owmRO SWEDEN l [
ICELAND
: EU = KAZAKHSTAN REBUBLIC :
COLUMBIA — /
WASHINGTON — ‘ o JAPAN ‘ ' \
OREGON ~ R
CALIFORNIA RGGI ‘ A | BEe {YOTO‘ -

MEXICO

HUBEI f
THAILAND . /
CHONG-
QNG \
——— GUANGDONG
BRAZIL \ M)
< SHENZHEN
RIO DE JANEIRO AUSTRALIA S =
SAO PAULO T—
CHILE SOUTH AFRICA tZ\JEEXY_AND
: ~
@ ETS implemented or scheduled for implementation @ Carbon tax implemented or scheduied, ETS under consideration
‘ Carbon tax implemented ar scheduled for implementation . ETS and carbon {ax implemented or scheduled

. ETS or carbon tax under consideration
Source: State and Trends of Carbon Pricing 2014

Figure from World Bank report, 2014



Unelectrified People (and fuel based lighting
users) in Asia is Even Higher than in Africa

Africa: ~600 million
India
o 9 - Other developing Asia

Asia: ~800 million

Americas: -~-30 million ., ..o

Latin America

World population without access to electricity

2009 010
B Rural N Urban

| Nate: not Lo scale

The beundiries and names thom and e designations used on maps ciuded v EVs peblicakion do ot imply official andorsement o accopting? by the IEA.

Source: IEA, 2010 World Energy Outlook



Technological and Entrepreneurial
Opportunity: Lighting Africa

rael.berkeley.edu
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An Investment in solar energy. for
International humanitanan eperations In
South Sudan can offer: significant
economic savings. In canralso build

longer-term energy. Infrastructure o
SUpport peace: and Struction'n
. Southistidan; < gnbf the.leas‘t electrified
o i Y o ﬂ}_m IENWOrIG as,.a result of

: ‘decadesiof conflict and under-
. Y0 s el . development.

—

Renewable & Appropriate Energy Laboratory
RAE L Professor Daniel Kammen, UC Berkeley



I'he Civil War has

decimatedlo
INfrastructure, Torcin
I

¢
=
p

the population into
Hy-and unsustainable

Renewable & Appropriate Energy Laboratory

Protfessor Daniel Kammen, UC Berkeley



The SWITCH-WECC Model

50 load areas
between which
power is sent
and within which
load is met

New transmission is
built along existing
lines and along new

Transmission
and
Distribution

Largest
substation in

paths each load area
— 2 GW e 1]
Distribution is Existing
upgraded aggregated
transmission fines
Transmission and <05 GW
distribution costs 05-2 GW

and losses are

- 2-5 GW
incurred _— 5 GW

Dispatchable generators:
natural gas steam,
combustion, combined cycle

Generator and storage
capital, fuel, operations and
maintenance costs

Generator and

—@— Storage Cost and

Hourly Output

Baseload renewable
generators: new and existing
geothermal, biomass, biogas

Hydroelectric generators:
existing turbines are
constrained by monthly
water availability and
minimum flow

Baseload non-renewable
generators: existing
cogeneration, new and
existing nuclear and coal

Storage plants: existing
pumped hydroelectric, new
compressed air and sodium

sulfur battery

Intermittent renewable
generators: new
photovolatics, new solar
thermal with and without
thermal energy storage,
existing and new wind

Simulated solar and wind
historical hourly output is
time-synchronized to load

Hourly loads for each of 50
load areas, scaled from
historical values to future

M-

demand
Hourly
Load Loads are time-synchronized
Shapes to solar and wind output

SWITCH
Optimization
Minimize power cost

using generation, storage
and transmission

subject to:

- serving load until 2030
- a capacity reserve margin
- policy

Post-Optimization Dispatch

Serve load over an additional two years of
hourly data per investment period

Using optimization investment decisions

Carbon price adder:
S0 to $100/tCO: in steps of
$10/tCO2

-&
Existing state-based

Public renewable portfolio standards

Policy No new nuclear or coal in
California

Sensitivities

| Generator costs |

| Natural gas fuel prices |

Output Variable Values

New generator, storage, transmission
and distribution investments

I Run or retire existing plants

Generator, storage and transmission
hourly dispatch

*

Summaries

[ Generation and transmission maps |

| Generation mix vs. carbon price adder |

| CO:2 emissions vs. power cost |

[ Cost dependence of generation mix |

I Reliability of investment decisions I

Optimization and data framework of the western Northh American SWITCH model.

http://rael.berkeley.edu/switch
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Overview:

* Introduction to the Renewable and
Appropriate Energy Laboratory
(RAEL) - a unique think/do tank

* From Problem Statement to
Solutions Science for Climate
Change

 An Opportunity for Partnership



Human Development Index
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Quantitative Assessments: Energy and Human Development

Sustainable Energy for All (UN)
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Fuel Based Lighting:
Displacing the Incumbent in Low-Income Areas

Fuel Based Lighting : Expensive, Unhealthy, and
Inefficient

Phete by Peter Alstoene il

Phete by Evan Mills

Phete by Peter Alstone

Kerosene for lighting is a $25 billion per
vear industry globally (source: UNEP, 2013)

Kammen — http://rael.berkeley.edu



Low cost solar powered home energy products
are transforming rural energy access in
developing nations




Longitude

All SHS with data (n=1025) marked on a
map with satellite-derived estimates of
solar potential during operations period

p—

Mean Solar Obs.
kWh/m2/day

7.0

Latitude



Next Wave of Off-arid products

90



Electricity generation by power source, January to May 2015

Local electric utilities take advantage of the power sources most accessible to them: coal mines, dammed rivers, new supplies of natural gas or nuclear
plants to generate the bulk of the nation’s electricity. This shows the source of electricity generation in each state in 2015.

S R I ¥ ooy

Natural gas Nuclear  Hydro Wind Solar Oil Other
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East African Rift Valley is currently the world’'s most
active geothermal development zone

* 10MW test well at Olkaria field in Hell's
Gate National Park, Kenya
» KenGen's first plant commissioned in
1985 (45MW) — now over 300MW at
Olkaria




Laudato Si
Encyclical Letter on Care for our Common Home

LAUDATO ST’

ON CARE FOR
OUR COMMON HOME

POPE FRANCIS
®

ENCYCLICAL LETTER



Islamic Declaration on Climate Change
20 August 2015 (http://Islamicclimatedeclaration.org)

s \We affirm that -

= God created the Earth in | erfect equilibrium (mizan)

= By His immense mercy we Imw»';" pbeen given fertile land, fresh air
clean water and allthe ¢ (mfi things on Earth that makes our lives here
\.,Jt)tg and delightful;

= The Earth functions in natural seasonal rhythms and cycles: a climate

in which living beings - including humans - thrive;

The present climate change catastrophe is a result of the human

disruption of this balance

Okl auass Leas) claddls
Sh5all od 15303 Y

,;L_DL] L.V;.x.ub‘c \,“3} |‘a



Islamic Declaration on Climate Change
20 August 2015 (http://Islamicclimatedeclaration.org)

The Muslim leaders called on the people of all nations and their
leaders to:

 Phase out greenhouse gas emissions as soon as possible Iin
order to stabilize greenhouse gas concentrations in the
atmosphere

« Commit themselves to 100 % renewable energy and/or a
zero emissions strategy as early as possible.

* They specifically called on richer nations and olil-producing
states to lead the way in phasing out their greenhouse gas
emissions as early as possible and no later than the middle
of the century.



Islamic Declaration on Climate Change
20 August 2015 (http://Islamicclimatedeclaration.org)

s \We affirm that -

= God created the Earth in | erfect equilibrium (mizan)

= By His immense mercy we Imw»';" pbeen given fertile land, fresh air
clean water and allthe ¢ (mfi things on Earth that makes our lives here
\.,Jt)tg and delightful;

= The Earth functions in natural seasonal rhythms and cycles: a climate

in which living beings - including humans - thrive;

The present climate change catastrophe is a result of the human

disruption of this balance
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Sh5all od 15303 Y
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Islamic Declaration on Climate Change
20 August 2015 (http://Islamicclimatedeclaration.org)

The Muslim leaders called on the people of all nations and their
leaders to:

 Phase out greenhouse gas emissions as soon as possible Iin
order to stabilize greenhouse gas concentrations in the
atmosphere

« Commit themselves to 100 % renewable energy and/or a
zero emissions strategy as early as possible.

* They specifically called on richer nations and olil-producing
states to lead the way in phasing out their greenhouse gas
emissions as early as possible and no later than the middle
of the century.



ELECTRICITY is cheaper than gasoline

... even using photovoltaics

" Conventional 25 mpg: $3.50/9al _ 144 /mile
25 miles/gal

““Hybrid 45 mpg -4?5;)6/5;‘; = 7.8¢ / mile:

. : 12¢ / kWh

Electric 3.5 miles/kWh: ¢_/ =34 ¢/m

3.5 miles/lkWh
A off peak it is = 6¢
LAY $0.13/kWh _ |
1@5 Photovoltaics: 3.5 mileskwh >/ #/mile

$4/Wdc,stc (after 30% tax credit), 5.5 hr/day, 0.75 de-rating, 5% loan, 34% MTB



The Ecological Footprint: ,

coolclimate.berkeley.edu

FOREST land

GRAZING land

URBAN land

CARé.C.).N fbotprint

CROP land
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WELCCME TO COOLCALIFORNIA.org, our goalis 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:

* honey saving actions and hest practices
e« Financial incentives for actions and projects

e Carbon footprint and greenhouse gas emissions
calculation tools

e Case studies and Success stories
e Educational resources

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

Heavwy civil general
engineering construction
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INTRODUCTION TRANSPORTATION HOUSING SHOPPING SUMMARY

Carbon Footprint Summary tons co,e / year) Climate Action Plan Summary
Transportation i 14 MY CURRENT FOOTPRINT 41 100%
Housing i 3 Pledged reductions 5 12%
Food —_— Offsets 0 0%
GOO |  — ?6 MY NEW FOOTPRINT 36 88%
00ds —
Sarvicas — 7 financial savings peryr  $2223
Total 6 10 year net savings $20321
ota et Iﬁ
_i Footprint - Offsets = Pledged reductions Payback s a3
1) Click =iz 2) Pledge 3) Save | [ Asumptions 4 copene i 10yearnet
r Pledge all reduced ©  saved ©  savings ©
 BUETE g Buya More Efficient Vehicle 1.86 $500 $3000 &
v BETE g Telecommute to Work 1.07 $528 $5280
BT @ Ride my Bike 0.58 $156 $1560
BETEE @ Take Public Transportation 0.47 $156 $1560
BETIN g Practice Eco-Driving 0.93 $249 $2490
BRI g Mairtsin my Vehicles 0.71 $190 $1900
BT g Reduce Air Travel 0.45 $100 $1000
[ view ] ﬁ Offset Remaining Transportation Footprint 13.07 $-261 $-2610
v BEIE € switchto CFLs 0.18 $63 $721
[ view | ﬂ Turn Down Thermostat in Winter 0.52 $95 $950
pa—
[ view | ﬁ Turn up Thermostat in Summer 0.15 $54 $540
[“iew | ﬁ Choose an Energy Star Refrigerator 0.05 $17 $140
[ view | & Dry your Clothes on the Line 0.22 $75 $750
@ Purchase Green Electricity 0 $0 $0

v
s ofe .. . - g oy % e an P - v-nnl ‘_j
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Spatial Distribution of U.S. Household Carbon Footprints Reveals
Suburbanization Undermines Greenhouse Gas Benefits of Urban

Population Density
Christopher J‘crr'ua's:””JF and Daniel M. Kammen®* "%

TEnergy and Resources Group, *Goldman School of Public Policy, and §Departrnent of Nuclear Engineering, University of California,
Berkeley, California 94720, United States

http://coolclimate.berkeley.edu/maps
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& o0 Electricity Use by ZCTA
' KWhivear
1178.66-7,756.15 M
7,756.16 - 9,310.34 W
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10,240.59 - 10,901.19
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Natural Ga§ Use by ZCTA
' natural gas/year
3,736.36-2186648 0
21,866.49 - 24,059 .46
24,059.47 - 25,401.53 1
25,401.54 - 28, 305.68
28,305.69 - 32,569.10
32,569.11 - 38,496.24
38,496.25 - 45,159.97
45,159.98 - 53,103.08 W
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Natural Gas Use by ZCTA
ft natural gasfyear
373636-2186648 0
21,866.49 - 24,059 46 B
24,059.47 - 2540153

25,401 54 - 28,305.68
28,305,69 - 32,569 10
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Carbon Dioxide Emissions by ZCTA

Housing

(Total household energy CO.e)
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Housing

_ Carbon Dioxide Emissions by ZCTA
metic fons of CO equivalent
535-1073 1
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1214-13.06 M
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3 16.32-2935 |l
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Goods

O -

Goods

J4. % Carbon Dioxide Emissions by ZCTA

metric tons of CO2 eguivalent
230-405 M
406-423
429.446 0
447« 461
462-477
478- 496
497-519 10
520-555
556-6.14
615-15.07
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Carbon Dioxide Emissions by ZCTA

Services

[,

. a8 Services
# ¥ 07 % carbon Dioxide Emissions by ZCTA
’ \. metric tons of CO2 eguivalent
245-402 10
403-453

459-504
505-551
552-6.09
5.10- 6.82
683-775 1
7.76-9.18
vy ey 919-11.76
i : " 11.77-19.40 |l
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4" Carbon Dioxide Emissions by ZCTA

226

metric tons of CO2 eguivalent
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Carbon Dioxide Emissions by ZCTA

' Carbon Dioxide Emissions by ZCTA
metric tons of CO2 eguivalent
18.04-3020 0
39.21-41.80

4181-4358 W
4359-4517
45.18-4572
46.73 - 48.58
48.59-50.65 |
50 66 - 53.04 [
53.05-56.79
56.60- 93297
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Carbon Dioxide Emissions by ZCTA
metric tons of COquuivalent

203-13 0
11.37-1289
1280-1392 0
1393 -14.82
14.83 - 1565
1566 - 16 57
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Patents Granted (Thousands)

Federal R&D Policy
Can be Effective

Figure 1. Total U.S. patents granted and

total U.S. investments in R&D.
120 230
100 -
1 200
-4 D/)/Q
a0 -
+ 130D
6D -
- 100
40
From: R. Margolis and D. Kammen (1999)
2 | Science, volume 285, pages 690 - 692, 190
30 July issue. Available at:
http://socrates.berkeley.edu/~rael/papers.html
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—0O—Funds
for R&D



Patents Granted

Lack of Federal R&D policy...
leads to lack of support for energy options

Figure 2. U.S. energy technology patents and

total U.S. energy R&D.
250 14
From: R. Margolis and D. Kammen (1999)
Science, volume 285, pages 690 - 692, L 49
200 | 30 July issue. Available at:
http://socrates.berkeley.edu/~rael/papers.html
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R&D (2002 $b)

If you think US public sector energy R&D
funding is doing poorly ...

—o— Public energy R&D
—&— Private energy R&D

1970

1975

1980

1985

1990

1995 2000 2005

Kammen & Nemet (2005)



What, you don’t read the North Borneo Post?

HOME

THE BORNED POST
Sunday, March
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Biomass can replace coal - Professor

By Sandra Sokial

KOTA KINABALU: Palm
ofl mill waste, or commonly
known as biomass, can
feasibly be used to replace
g:al as asource ofenergy in

bah. -

Dr Danjel M Kammen, &
professor of energy at the
University of California,
Berkeley, disclosed this in
his talk during a forum on
Energy Options for Sabah
here vesterday.

He saidbiomasspresented
an attractive electricity
supply option and should
continue to receive support
from the government and
utilities,

Kammen, who carried out
a study on clean energy
options for Sabah, said that
biomass waste projects were
cost competitive compared
with coal, adding that italso
solved two environmental
problems at once,

“One is the problem of
disposing of potentially
hazardous mill waste in
open pondsandlandfilisand

Adrian Lasimbang

the problem of supplying
Sabah 'senergy demand,” he

Several oil palm mills in
Sabah have already adopted
the project and anumber of
national incentives are
aimed to stimulate further
investments,

Kammen said based on the
2008 palm oil industry
production statistics and
conservative growth
estimates, they calculated
that 700MW of theoretical
baseload capacity was
economically feasible and

logistically achievable via a

four-project per-year ramp-
up programme. "We
recommend that Sabah
supportuusproject."hesald
During the study,
Kammen, Tyler McNishand
Benjamin Gutierrez also
carried out a research on
other energy options such
as hydropower, solar, wind,
geothermal and demand-
side energy efficlency.

He also recommended
phasing out fossil-fuel
subsidies that distort
energy markets and the

‘geothermal,

10MW limit on investment
under the small renewable
energy power programme
be repeal 5

“There should be
continued research and

outreach efforts t ed at
increasing the quantity of
grid-connected eléctricity
available from palm ofl
mills besides reco lslng
renewable energy:

a premium pmduct.

"It is also hnpomm to
continue studylug the
feasibility of renewable
{nvestments at known
wind and
environmentally-sound
micra hydro sites,” he said.

In addition to this,
Kammen said . the
continuation and extension
of Malaysia's existing solar
promotion programmes

‘should be continued, and
‘supplement these efforts by

launchingastate-levelsolar
energy commission

Another speaker, Adrian
Lasimbang of the Pacos
Trust, believes that Sabah
should be a role model and

TMMkammmwmmmumdmtmfaummw

“With such numbers,
there is abundance of
biomass waste which could
be used for power supply

spearhead the development
of renewable energy (RE) in
Malaysia.

Alsoumchinsonblomm
as another option to
electricity supply, he said
there were over 110 oil palm
mills in Sabah, and were
mainly located in the east
coast of the state,

thus  reducing the
electricity shortage faced
by the people in the east
coast of Sabah,

"“We have initiated
several projects in several

villages to utilise agro-
based waste as alternative
to power supply. It helps to
generate jobs for the
villagers and other support
services, such as
transportation,” he said,
About 400 people attended
the forum which was
organised by Green Surf,



Integrating these systems tools with civil
soclety-industry dialog

Borneo Says No to Dirty Energy
T[ME By Jennifer Pinkowski Tuesday,
||
Science

Feb. 22, 2011

Daniel Kammen of the University of

R A i g California, Berkeley, who directed an
bl i 2 - P energy and environmental-impact study

e U commissioned by a coalition of green
LR L e groups, which was used widely in the
discussions of Sabah's energy options.
"It is a turning point that should bring
deserved praise and partnerships to
Malaysia at the upcoming climate
conference in Durban, South Africa,”

http://www.time.com/time/health/article/0,8599,2052627,00.html#1xzz11vOeilyz



Resource Assessments

Solar PV

Total LCOE \ Total LCOE Total LCOE
(USD/MWh) (USD/MWh) (USD/MWh)
W< 65 / W< 120 W< 200
W65 - 75 { | W21 -125 W 201 - 205
W75-80 - 126 - 130 M 206 - 210
81-90 \ 131 - 133 211 -215
91-95 \ 5 134 - 135 216 - 220
96 - 100 A 136 - 137 221 -225
101 - 105 \ 138 - 140 226 - 230
106 - 110 141 - 145 §231-235
Wi - 120 M 146 - 150 W 236 - 245
121 - 150 W15 - 170 W 246 - 265
Total LCOE Totai LCOE

was not estimated was not estimated

FIGURE 1: Average total levelized cost of electricity (LCOE) of wind (A), solar PV (B), and solar CSP (C) zones
estimated using resource quality, distance to the nearest transmission line or substation, and distance to the nearest
road.



Qutline:

. Climate science: The 2 degree mandate agreed to in Paris
. What tools do we have? [Technology]
. The climate-development nexus

1. The energy access crisis
2. Land and people

. Your mission:

create a national strategy for energy and development
for the 2016 climate meeting in Morocco

. Compare the options



Qutline:

. Climate science: The 2 degree mandate agreed to in Paris

. What tools do we have?

. The climate-development nexus
1. The energy access crisis
2. Land and people

. Your mission:

create a national strategy for energy and development
for the 2016 climate meeting in Morocco

. Compare the options
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Past Emissions

A

T Billion of Tons

of Carbon

Emitted per
Year

Historical
emissiQ\r]s, ;

1955 2005 2055

Year

2105



A

Billion of Tons of
Carbon Emitted At_Letast
L per Year Tripling
14 / co,
Q‘a\‘(\ /
0“0(\\ /
) 4
/
#  Stabilization
V4 Triangle
Historical /
7T emissions
\ Flat path Avoid
Doubling
co,
0 : ; >
1954 2004 2054

What does 1t mean to ‘solve the carbon and climate
problem’ over the next 50 years?
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Wedges 7
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What is a “Wedge”?

A “wedge” is a strategy to reduce carbon emissions that
grows in 50 years from zero to 1.0 GtC/yr. The strategy
has already been commercialized at scale somewhere.

\ GtClyr

< 50 >

Cumulatively, a wedge Ye%%ts the flow of 25 GtC in its first 50
years. This is 2.5 trillion dollars at $100/tC.

A “solution” to the CO, problem should provide at least one wedge.




Wedges #1 - #8 (out of 15)

Option Effort by 2054 for one wedge, relative to 14 GtC/year BAU Comments, issues
Energy Economy-wide carbon-intensity Increase reduction by additional 0.15% per year (e.g., increase Can be tuned by carbon policy
Efficiency and reduction (emissions/$GDP) U.S. goal of reduction of 1.96% per year to 2.11% per year)
Conservation
1. Efficient vehicles Increase fuel economy for 2 billion cars from 30 to 60 mpg Car size, power
2. Reduced use of vehicles Decrease car travel for 2 billion 30-mpg cars from 10,000 to 5,000 Urban design, mass transit,
miles per year telecommuting
3. Efficient buildings Cut carbon emissions by one-fourth in buildings and appliances Weak incentives
projected for 2054
4. Efficient baseload coal plants Produce twice today’ s coal power output at 60% instead of 40% Advanced high-temperature
efficiency (compared with 32% today) materials
Fuel shift 5. Gas baseload power for coal Replace 1400 GW 50%-efficient coal plants with gas plants (4 Competing demands for natural
baseload power times the current production of gas-based power) gas
CO, Capture and 6. Capture CO, at baseload Introduce CCS at 800 GW coal or 1600 GW natural gas Technology already in use for H,

Storage (CCS)

power plant

(compared with 1060 GW coal in 1999)

production

7. Capture CO, at H, plant

Introduce CCS at plants producing 250 MtH,/year from coal or
500 MtH,/year from natural gas (compared with 40 MtH /year
today from all sources)

H, safety, infrastructure

8. Capture CO, at coal-to-
synfuels plant

Introduce CCS at synfuels plants producing 30 million barrels per
day from coal (200 times Sasol), if half of feedstock carbon is
available for capture

Increased CO, emissions, if
synfuels are produced without
CCs

Geological storage

Create 3500 Sleipners

Durable storage, successful
permitting




Wedges #9 - #15 (out of 15)

Option

Effort by 2054 for one wedge, relative to 14 GtC/year BAU

Comments, issues

Nuclear Fission

9. Nuclear power for coal power

Add 700 GW (twice the current capacity)

Nuclear proliferation, terrorism,
waste

Renewable Electricity
and Fuels

10. Wind power for coal power

Add 2 million 1-MW-peak windmills (50 times the current
capacity) “occupying” 30x10° ha, on land or off shore

Multiple uses of land because
windmills are widely spaced

11. PV power for coal power

Add 2000 GW-peak PV (700 times the current capacity) on
2x108 ha

PV production cost

12. Wind H, in fuel-cell car for
gasoline in hybrid car

Add 4 million 1-MW-peak windmills (100 times the current
capacity)

H, safety, infrastructure

13. Biomass fuel for fossil fuel

Add 100 times the current Brazil or U.S. ethanol production, with
the use of 250 x108 ha (1/6 of world cropland)

Biodiversity, competing land use

Forests and
Agricultural Soils

14. Reduced deforestation, plus
reforestation, afforestation and
new plantations.

Decrease tropical deforestation to zero instead of 0.5 GtClyear,
and establish 300 Mha of new tree plantations (twice the current
rate)

Land demands of agriculture,
benefits to biodiversity from
reduced deforestation

15. Conservation tillage

Apply to all cropland (10 times the current usage)

Reversibility, verification




Question:

What do you recommend your
country advocate for or commit
to do at COP22 in Morocco, in
November 20167?



Extra:



How many Earths does it take to support humanity?

2.5 7 ® Business as usual
Earth Overshoot Day:
June 28, 2030
20 - |
|
|
£ |
T 15 '
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8 ® Carbon emissions reduced 30% |
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Solar Power Hub

60kW Max Capacity
~100kWh daily
energy
On-board battery,

o s Highi%%@
. _Less than one-c
assembly
Scalable & Movane
Designed in the USA ™

P
>

Renewa ble & Appropriate Energy Laboratory
RAE L Professor Daniel Kammen, UC Berkeley
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Fig. 1. Temporal patterns of electric energy demand. (A) Map of a portion of Cambridge, MA. The colors represent the monthly electricity con-
sumption. (B) Monthly electricity consumption of 4683 users over the course of 3 years. (C) Distribution of the daily consumption for an average day in
July. The solid red curve denotes the lognormal fit. (D) Hourly demand profiles for a typical day in July, with representative daily curves marked with colors

and respective daily consumption values. (E) Hourly solar generation profiles for typical residential-size installations.

Halu, et al., 2016, Science Advances



Basic Energy Resources Amidst Regional Conflict

‘Housing without infrastructure:

South Suda

runway; Nimule







