UT Energy \X/eek
February; 2019

Energy Poverty '
- and the |

Real Energy Transition P

4o Scott W. Tinker



-
3 -
3 i 5
@ 5
n P
3 .
-
Ve S -
.
=

SWITCH
ENERGY ALLIANCE




g
'

Sk

: -,

SWITCH
ENERGY ALLIANCE



.'} -

Sk

SWITCH
ENERGY ALLIANCE



- 0
- = - s
: : : = - 0 P 3
: 5 - % |
-' : . -
3 * 3 | =
? ;
Sl e oy o |
- % e : s
| o o
5 e 5 f P ¥
..;'.-' i = \f = . o
K . i . ’ e . I
& % g »

SWITCH
ENERGY ALLIANCE



.'} -

Sk

SWITCH
ENERGY ALLIANCE



.'} -

Sk

SWITCH
ENERGY ALLIANCE



."'-- &
: e R, - =
el

What doé§ >
“llttle to no energy
really mean?

SWITCH
ENERGY ALLIANCE



. Tinker, 2518
Annual Energy Consumption

459

Per Capita
kWh/year 300
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Ethiopia Tanzania Liberia Nigeria Kenya Ghana My Fridge

Source: IEA, 2010
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Electricity and Clean Cooking

Each Color ~ 1 Billion People
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ot A Paradox i
Energy does not end
2 2 poverty, but you can’t end

e 2013, %
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Limited Access to Electricity Restricts Standard of Living
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Limited Access to Electricity Restricts Standard of Living
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Limited Access to Electricity Propagates Inequality
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_ It’s Time to Power the People
* Reducmg Energy Poverty lmproves...
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Million Tonnes Qil Equivalent 194
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Hydro Renew

Nuclear

Global Population

Each color on the map represents ~ 1 billion people o
Data: BP Statistical View of World Energy (2016)
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Global Energy

Global Energy (MTOE)

B Coal m Oil m Natural Gas m Nuclear mHydro Solar Wind m Biomass

0
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Data: BP Statistical View of World Energy (2018)
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Data: BP Statistical View of World Energy (2016) Source: From the UN, as appeared in The Economist, August 23, 2014
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The world could
§i be wind, water
‘“"‘;’12"? and solar in 50 e

years if just for B
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o Enay OB Global Energy 2065

25% Renewable

27%

Business as Usual?
YA

1965 1975 1985 1995 2005 2015 2025 2035 2045 2055

B Coal mOil MW Natural Gas ™ Nuclear EHydro Solar Wind Biomass
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Global Anthropogenic CO, Emissions

2014, Total 48 Billion Tonnes

Water .
Heating | Cooking  Other

Cement buildings 1.6 e 05 06

22 Chemical

lron & 11
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0.3
Paper 0.2 Forestry,
Agriculture,
Land use
Light road =12
4.8
Shipping
0.9
Heavy road
2.5

Rail 0.2

Data: International Energy Agency



COZ Emissions Tinker," 2515

Don’t blame Asial

35000.0

W 7 hey make products
for the Worla'

20000.0 .
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Source: World Bank

@ EeTs implemented or scheduled for implementation @ carbon tax implemented or scheduled for implementation
ETS or carbon tax under consideration @ ETS and carbon tax implemented or scheduled
& ETS implemented or scheduled, tax under consideration & Carbon tax implemented or scheduled, ETS under considera...
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Change in CO, Emissions

2017, million tonnes

Largest 40 0 40 80 120
Reductions
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Source: BP Statistical Review of World Energy, 2018
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Total Primary Energy Supply (TPES)

2017 Energy Source (Mtoe)

People’s

| |
Rep. of ~16% ~-I
China

United I Coalt
States - ~38% ~45.h

o]]

Natural gas
Bl Renewables

B Other?
Russian

5 1. In this graph peat and oil
Federation

shale are aggregated with
coal.

2. Other includes nuclear,
electricity trade, heat, non-
Japan

renewable waste.

0 500 1,000 1,500 2,000 2,500 3,000

Source: World Energy Outlook, 2017, EIA QAe6815



U.S. Electric Generation Shares (2005- rf[%fwsm

100%
80%

13%

Other

60% 0
; 18% Natural gas

40%
| I I
0%

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Percent of total

urce: EIA



: _ _ Tinker, 2518
Electric Power Sector U.S. CO, Emissions
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2030 Paris Accord Target

(Million metric tons)
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S 20/f reduction from 2005
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1500 mmil il TSA 1400 Mmt

By 2017 the U.S. had Achieved 75% of its 2030 Paris Accord Targets

5 EXPOILNENNARUIECIUNNY),

1990 2000 2010 2020 2030

Source: EIA Source: U.S. Energy Information Administration, “U.S. Energy-Related Carbon Dioxide Emissions,” 2017
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Global Anthropogenic CO, Emissions
2014, Total 48 Billion Tonnes

Heating
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Land Use
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Other

Data: International Energy Agency
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Auto Sales Developing Nations
Rolling 12-month (million)

A‘ : India

= / Brazil

~== Russia
Indonesia
Thailand

Source: National car data, Macquarie Research, January 2017 QAe5762
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Auto Sales Developed Nations
Rolling 12-month (million)
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Cumulative Electric-Vehicle Forecasts

600
SO0 120,000,000 120,000,000
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IEA 200
~10% of Global Vehicle Fleet
100
O'.
2020 25 30 35 40

Source: Bloomberg New Energy Finance, Economist.com; EIA, WEO, 2017
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Battery Mining

Lithium and Cobalt Production (Thousand Tonnes)

2005 2010
Lithium Cobalt

Data: BP Statistical View of World Energy (2018)
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Global Final Consumption by Sector

Electricity

400
200
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Source: World Energy Outlook, 2017, EIA QAe6813
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Global Anthropogenic CO, Emissions

2014, Total 48 Billion Tonnes
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Data: International Energy Agency
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Global Electricity Generation ;

4,000 W Middle East

By Region

World electricity generation® from 1971 to 2015 by region (TWh)
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Source: World Energy Outlook, 2017, EIA 1. Excludes electricity generation from pumped storage. 2. Non-OECD Asia excludes China. QAe6822
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Global Electricity Generation

by Source
World electricity generation! from 1971 to 2015 by source (TWh)

28,000
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20,000 renewables and
WESHEE
16,000 BN Hydro
B Nuclear

12,000 Fossil thermal

1. Excludes electricity generation
from pumped storage.
2. Includes geothermal, solar,

8,000

wind, tide/wave/ocean, biofuels,
waste, heat and other.

4,000

World electricity generation® by fuel (TWh)

0
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Source: World Energy Outlook, 2017, EIA QAe6811



Global Solar Photovoltaic Electricity Tinker 2018

alzir onotovolizics

Source: Economist, Solar Energy Industries Association

Source: World Energy Outlook, 2017, EIA 1. Non-OECD Asia excludes China. QAe6821



Global Wind Electricit Tinker, 2618

Million Kwh
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Source: World Energy Outlook, 2017, EIA 1. Non-OECD Asia excludes China. QAe6820
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Global Electricity Generation

by Source
World electricity generation® from 1971 to 2015 by source (TWh)
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Electricity Access per Dollar

Overseas Private Investment Corporation (OPIC)

100
Natural gas only

! \
80

70 S~

- 3X—4X Wlth ___________ ___________________ c ________ % 300MWi/year cap

on natural gas

© Centralized B T
» Natural Gas LT

Renewables only

4

o

o

10

New Electricity Access (millions)

0
0% 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
Percent of $10b portfolio allocated to renewables

Moss and Leo, 2014, Rethinking US Development Policy
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Environmental Impact
Coal, Oil, Natural Gas

Mining and Manufacturing Land, Water, Emissions
Drilling and Completion: Land, Water
Transportation: Pipelines, Trucks, Ships, Rail
Refining and Petrochemicals: Emissions

Combustion: Vehicle and Power Plant Emissions
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Environmental Impact
Renewables and Batteries

The sun and the wind

Minin
- renewable, the
oY stuff to harness and

distribute them iIs not.
Trans . __ . . ___ . __

Disposal: Landfill
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Climate Change
IS the major
Issue of our
time, and fossil
fuels are the

5@

Poverty is the
major issue
of our time,

and fossil
fuels are the
solution



The Real Energy Transntlon

Every person on earth i is ‘out bf énergy poverty, and
Mlmmlze energy impacts on land water and air, anc

Global atmospherlc emnssnons peak and roll over

This Requnres Non-Partlsan Energy Educatlon
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- One Size Does Not Fit All o~

“We \X/ould Make am |
lmmedlate and Substantlal
Impact on Poverty and

Climate with a Fit-for-Purpose

Combination of...
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DRE, especially Solar, for poor and rural .

.Centralized Wind for spartse, rural, and wmdy

- Centralized Nuclear for. dénse and urban
*Centralized Nat Gas, wy/CCS, fo(r‘ urban and rural

SWITCH

Small Modular Reactors (Nuclear and Nat Gas)
Geothermal and Hydro, where available :
Coal w/CCS and Coal Phase Out -
EVs (battery lmpact) and ride sharing for urban
ICE, CNG, LNG, and Fuel Cells for rural
Centralized Solar and Biofuels as boutique only
Continued drive towards Efficiency

ENERGY ALLIANCE
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Thanks!
Join the Switch Energy Alliance

SwitchOn.org
Inspire an Energy Educated Future
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Thanks!
Join the Switch Energy Alliance

SwitchOn.org
Inspire an Energy Educated Future

For financial interests of Scott Tinker see

http://www.beg.utexas.edu/people/scott-tinker
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