Renewable & Appropriate Energy Laboratory

‘.{.‘;,E\;A l:’i"'."‘

e IFe
g0 e Or
L A

Ve A7 8§
H B ol
5 g
A% x5
| 2,
\,l’-( By ’rj/

1
ey

Webinar:
The Future of Renewable Energy

Daniel Kammen

Energy and Resources Group, Goldman School of Public Policy
& Department of Nuclear Engineering
Director, Renewable and Appropriate Energy Laboratory
University of California, Berkeley

Science Envoy for the U. S. State Department (former)

International Renewable Energy Academy (IREA)
1.5 hour webinar on January 30 at 11AM EST



Context fior ithe fruturerof:RenewableEnergy:

1. Pre-2015:/Altong {(often.urrecognized
today) technicalrrurup

2. After a longimfancy)we are mnowd2ost
2015 /Ancexponentialqealizationfofdoth
the need anditheppossibility, of entirely
clean energy-economies

3. And the dauntingttask0:80% clean
energy tby22050(pertthe’IRCCand: the iPe
Climate /Accord)

http:// rael.berkeley.edu



Resources:

Website: http://rael.berkeley.edu

Twitter: @dan_kammen

Event Detalls:
https://www.eventbrite.com/e/innovationrin-the-renewableenergy
sectorwhere-do-we-go-from-here-tickets42156788086



https://www.eventbrite.com/e/innovation-in-the-renewable-energy-sector-where-do-we-go-from-here-tickets-42156788088
https://www.eventbrite.com/e/innovation-in-the-renewable-energy-sector-where-do-we-go-from-here-tickets-42156788088

Political Context
U.S.- China Joint Announcement on Climate Change, 2014
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CARBON CRUNCH Figueres, et al, 2017, Nature

There is a mean budget of around 600 gigatonnes (Gt) of carbon dioxide
left to emit before the planet warms dangerously, by more than 1.5-2°C.
Stretching the budget to 800 Gt buys another 10 years, but at a greater

risk of exceeding the temperature limit.

Delaying the peak
by a decade gives
too little time to
transform the

economy.

Peaking emissions
now will give us 25
years to reduce
emissions to zero.
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The CGalformia: Example:
Ambitious Cleann EnergyGoals
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CA Peak Power: Testimony by Goldstein and Rosenfeld (Dec. 1974)
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California Peak Power (GW)
[1 GW = 1000 MW = 1 “Plant"]
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We can actually be confident because ¢.
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_Desert Sunlight Solar
~ Project

550 MW
Riverside County, CA
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EnerVaultiron-Chromium Technology
1 MW-hr capacity at 250 kW (4 hour duration) -
Turlock, CA
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Fastest production car ever: 0i-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.
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That's 39% of the.global economy




Efficiency (%)
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Best Research-Cell Efficiencies

Multijunction Cells (2-terminal, monolithic)
¥ Three-junction (concentrator)

W Three-junction (non-concentrator)

A Two-unction (concentrator)
Single-Junction GaAs

ASngle crystal

A Concentrator

WV Thin-film crystat

@ Silicon Heterostructures (HIT)

Thin-Film Technologies

@ Cu(ln,Ga)Se;

o CdTe

© Amorphous StH (stabilized)
@ Nano-, micro-, poly-Si

0 Multijunction polycrystalline
Emerging PV

O Dye-sensitized cells

® Organic cells (various types)
A Organic landem oells

@ Inorganic cells

© Quantum dot celis

+iNREL
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Solar cost decreases 10% per year

Cumulative production GigaWp
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» Single crystal, evaporated contacts | 7% Global

Installed * Screen printed metal : fGrgﬂfg\t/'on
Cost Of * Wire saws :
Electricity « Textured mono |
$/ kWh * Aluminum BSF |
* Cast multi :
- i |
$0.50 Point contag m.ono |
* Passivating SN :
* Iso-texture multi |
|
I
$0.20 _ » . I
Retail Natural Gas Electricity :
7 |
| «2015 |
Wholesale Coal Electricity 1
I

$0.05 T 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

Renewable & Appropriate Energy Laboratory

) RA E L Berkeley

UNIVERSITY OF CALIFORNIA

http:// rael.berkeley.edu



Storage ExhibitsSame Trend as Wind and Solar
Kittner, Lill & Kammen, Nature Energy, 2017
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Energy Sources and Consumption

Renewable Non-Renewable

* Tidalo.3Tw

Solar 23,000 TW

@ Wave o221w

Coal
@ Geothermalos3-—2Ttw 900 TW-yr
o World en%rg
consumption
QR dros-+mw 16 TW i Uranium
90-300 TW-yr
Biomass 2-6 Tw
. Oll
Wind 240 TW-yr
2570 TW
O Natural gas

215 TW+yr



A pathway to sustainability

1. Efficiency 2. Electrification
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“Low-Carb”
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Morocco

Les objectifs de la transition énergétique

La volonté du Royaume de porter de 42% de puissance \
L la part des énergies renouvelables Iinstallée [ | 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 1 |
milliards de dollars P Pourles projets de production P Réduction de 32% des émissions de gaz i

dont d’¢lectricité de sources renouvelables  offets de serre (GES) i I'horizon 2030

Le Maroc aura a développer (entre 2016 et 2030)

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

> 10.100 MW

1.330 MW

hydro-électrique

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



R/ACE’L 'GS8VITOFS WAWEICHsoem Plodale
to Plan the Clean Energy Transition

=
WECC (Western \‘i-H Kosovo

North America) »g-,-_-—_.

Mexico - in progress

«
Nicaragua:
Chile l
East African
Power Pool
(EAPP):
1. Kenya
2. Uganda &
Tanzania
planned

Y N

China

Malaysian
Borneo

India &
Bangladesh
in progress

http://rael.berkeley/edu/project/SWITCH



SWITCH Model Description Analytics
http://rael.berkeley.edu/project/SWITCH
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OVRONTENTAL
encelechnologg

SWITCH-China: A Systems Approach to Decarbonizing China’s Power
System

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

iDePartment 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, §}_".nva:rg:!.r and Resources Group, and IGoldman School of Public Policy, University of
California, Berkeley, California 94720, United States

lEﬂEl’g}? and Environmental Economics, Inc. (E3), San Francisco, California 94104, United States
#China National Institute of Standardization, Beijing 100191, P.R. China

(s} Supporting Information

ABSTRACT: We present an integrated model, SWITCH- 10 L+ BAU
China, of the Chinese power sector with which to analyze the e '
economic and technological implications of 2 medium to long- 8 = 441 | v Cost
termn decarbonization scenario while accounting for very-short- g e 7'} Renewables
term renewable variability. On the basis of the model and : z_,,a-’;.s-;' 2-5-_»- |
FSUMpHONS Used, we Tnd that the announced 203U carbon| | © P05 g':'::}:r"“éap
peak can be achieved with a carbon price of ~$40/tCO,. g 4 .

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

reduction by 2050 is achievable in the Intergovernmental Panel "éirzg:gnﬁ:cﬁ;

on Climate Change Target Scenario with an optimal electricity

mix in 2050 including nuclear (14%), wind (23%), solar (27%), ﬂmsn 2000 2010 2020 203D 2040 Eﬂﬁcllpcc e

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.



Figure 11: BNEF global EV sales forecast by geography,
2015-2040 (m vehicles per year)

70
We forcast 41m EVs sold per year by
- 2040 globally " Rest of the
world
50
» Japan
40
30 ' “ Europe
20 n USA
10 ) “ China
0 p——
< © O O «
™ ™ v (N «
o O O O O

Source: Bloomberg New Energy Finance, Marklines



Partnerships (examples):

Key Laboratory'of Power Transmission
It and [System Se%urity an‘d New Technology
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June 2, 2016: Saeed Mohammed Al Tayer

CEO of Dubai Electricity and Water Authority (DEWA)

Saudl Arabla Gets L
'Cheapest Bids for Solar”
Power in Auction

Bv AnthonyDipaola
October 3, 2017, 6:19 AM PDT Updared on October 3, 2017, 2:00 PM PDT
From Climate Changed

-+ Masdar, EDF offer to supply power for 1.7 cents/Kilowatt hour



Off-grid Electricity Enabled by Storage and Efficient Lights, but &
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Impossible without secure mobile money
T, Renewable & Appropriate Energy Laboratory

C)RAEL Berkeley

UNIVERSITY OF CALIFORNIA

http:// rael.berkeley.edu
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STOP FOSSIL
FUELS.

BUILD 100% RENEWABLES.

dgp hflfldry top all new coal,
Idg S projects and build clea ergy for II

Divest from Fossil Fuels.

WHAT'IS FOSSIL FUEL DIVESTMENT?
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