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Science 2014: 570 plumes of Methane observed percolating up from
the sea floor off the eastern coast of the United States
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Vast costs of Arctic change Nature

2013

Methane released by melting permafrost will have global impacts that must be better
modelled, say Gail Whiteman, Chris Hope and Peter Wadhams.
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Ebullition and storm-induced methane release
from the East Siberian Arctic Shelf

Natalia Shakhova?*", Igor Semiletov'?, Ira Leifer>*?, Valentin Sergienko®, Anatoly Salyuk?, P NAS
Denis Kosmach?, Denis Chernykh?, Chris Stubbs?, Dmitry Nicolsky®, Vladimir Tumskoy’ 2014
and Orjan Gustafsson®

Methanogenic burst in the end-Permian carbon cycle

Daniel H. Rothman®®', Gregory P. FournierS, Katherine L. French®, Eric J. Alm®, Edward A. Boyle®, Changqun Cao?,
and Roger E. Summons®

Lorenz Center, ®Department of Earth, Atmospheric, and Planetary Sciences, and “Department of Biological Engineering, Massachusetts Institute of
Technology, Cambridge, MA 02139; and “State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese

.‘l. Academy of Sciences, Nanjing 210008, China

" Edited by John M. Hayes, Woods Hole Oceanographic Institution, Woods Hole, MA, and approved February 4, 2014 (received for review September 27, 2013)

a The end-Permian extinction is associated with a mysterious disrup-  and its perturbation to the carbon cycle but also to amplify the

of Earth’s greatest mass extinction by a specific microbial innovation.

Collectively, these results are consistent with the instigation
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the extinction, prob#ly as a consequence of massive Siberian volca-  a period of about 100 thousand years (Kyr), first slowly, and sub-

nism, enabling a mefhanogenic expansion by removal of nickel lim-  sequently rapidly. At the same time, the isotopic composition d, of
itation. Collectively,jthese results are consistent with the instigation  organic carbon also changes. We seek the physical fluxes in the
of Earth’s greatest mass extinction by a specific microbial innovation.  carbon cycle that predict the chemical signals &; (f) and 82(¢). Of
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Energy System Modeling Efforts in the Renewable and
Appropriate Energy Laboratory, UC Berkeley

(Kammen, et al.,http://rael.berkeley.edu/switch)

WECC (Western H Kosovo
North America) 1— 3/2013
5/2012
Nicaragua:
10/2014
Chile
4/2014 ] East African
: Power Pool
1 (EAPP):

1/2015

China, 7/2014

Saer Malaysia,
' e 1/2013

India, 1/2015

A consistent story emerges: Policy clarity and about $40 per ton of

Carbon emissions by 2030 decarbonizes western North America,
China, Chile. The technology and market forces vary by region.




The SWITCH-WECC Model
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Renewable Generation

Conventional Generation

Compressed Air




Example utility ‘fear’

Hourly Average of Renewable Resources: Sunday, March 16, 2014

?"E;J System Peak Demand (one minute average): 27, 286 MW

(from the California Independent System Operator)
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Dispatch in 2050:
Flexibility and variable renewables dominate

« Storage almost exclusively moves solar to the night
« Geothermal only remaining substantial baseload
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Power system cost increasingly dominated
by flexibility rather than energy

Allocation of carbon revenues im

portant
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Electricity Mix, 2020

Coal, hydropower, and gas generation dominate the system
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System Capacity, 2020

e No new storage deployed in a system dominated by flexible natural gas and hydro
generation across scenarios

3008
250
200 | —— _— _— _— = _— ] _— I

1508

1008
502 I
oz
&
S

20205 ystemTapacitydGW)a

S S Q2 & D
& - o & N © N N
& S & S \é'> NG @ & o \b 0 @ &
é\e‘ SN @,56' ®Q’$‘ L @g? ~ sg\\('\ & §§‘ o 6}@ @@ @@
<« & & & ® o & X & AP & ¥
® ® ® o (}Q’ xQ @K \Q(\ N @’ R N
IR N O P & & O
S &Y v L ORI
N O $ S
& N S S
S ¥ &0
N S &
S 5 N
(9
® &
A% éo
H HydroR B Nuclearf B Coal® B CoalCSA M Biopowerl Gashl 1

M GasCsy B Geothermal@@ Wind@ Solar@VEl B CSP®BhBtorage Storagednew)



Electricity Mix, 2030

e Electricity production heavily dominated by natural gas
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System Capacity, 2030

New storage is installed in several scenarios in 2030
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Storage Capacity, 2030

New storage is installed in several scenarios in 2030
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Syoslelll Unit-Corrimiunerit, reiererice sceriario,

2020

Reference®cenario,20202

HourlyBystem@nit-Commitmentz

The 2020 power system is dominated by coal, hydro, and gas generation
Wind is the main source of renewable electricity

Existing storage used regularly, charging at night and providing energy during the day

GWEH
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Syoslelll Unit-Corrimiunerit, reiererice sceriario,

2030

Reference®cenario,20302

HourlyBystem@nit-Commitmentz

By 2030, the share of renewables, both wind and solar, grows
Combined-cycle gas generation replaces most baseload coal
Storage is used less, especially in the spring and during the summer peak
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Syoslelll UNnit-COorrimitnerit, reiererice sceriario,

20350

Reference®cenario,20302
HourlyBystem@nit-Commitmenta

Large differences in how load is met across seasons

GWEH
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SYyslelml Unit-Cormmiuriernt, relercrice sceriarlo,
2030

e For ~10 days in July, system is very stressed

e Intermediate gas generation is operating at maximum output and peakers are
running for many consecutive hours
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Syslelll UNit-=-Loimimunerit, relererice sceriallo,
2030

e The typical summer day has nighttime charging of storage, with the energy released
back during the afternoon and evening hours
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SQYoslelml UNik-Cornirnunerit, reiererice sceriallo,

2030

Reference Scenario, July Peak Net Load Day

On the peak net load day (in late July), nighttime load remains high and wind
output is low throughout the day

Storage is not used during that period of days with high load as there is little excess
energy available to shuffle around
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Syolelml UNit-Corrnmiunerit, ounosliot osceriarllio,

2030

SunShotBcenario,20303
HourlyBystem@nit-Commitmentz

Most storage installed of all scenarios in 2030

Storage used extensively throughout the year, mostly to shift daytime solar PV
energy to the net-load peak in the evening — a pattern reversal

GWEH
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Electricity Mix in Western North America, 2020

Coal, hydropower, and gas generation dominate the system
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Electricity Mix in Western North America, 2030

Electricity production heavily dominated by natural gas with rapid growth in
renewables and storage
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Electricity Mix in Western North America, 2050

Electricity production is virtually all from zero carbon sources; system is resilient,

flexible and smart
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SWITCH-China (2050), Kammen, et al., 2014
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City of Davis

Percent of Work Commutes by Car

Iso

—C )

\ o\

Pole

Percent Car Travel

21.173469 -
34.311225 -

W 47.4480981 -
I 60586736 -
B 73.724491 -
B s6.562246 -

34.311224

47.448980

60.586735

73.724490 Parks
86.862245 Schools

100.000000 D City Limits



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

ISO

\

Number of Vehicles Estimated Commute Time
‘ er Household (Minutes)

h No vehicle available E 1-20

. . Parks
- 1 vehicle available - 21-22

. . Schools
- 2 vehicles available - 23-24

D City Limits

- 3 or more vehicles available - 25-27



City of Davis

Median Household Income
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Median Household Income
2011 Adjusted Dollars

19188 - 30000 [l 120000 - 150000
30000 - 60000 [l 150000 - 180000

I 60000-90000 |l 180000 - 210000
I 90000 - 120000
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‘ CoolClimate

Carbon Footprint Calculator

Greenhouse gas and sustainability
calculators:

http://coolclimate.berkeley.edu
http://coolclimate.berkeley.edu/maps
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