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The Global Energy Challenge

How can we ensure that people around the world have access to the reliable, affordable, energy

needed for economic growth and human development without putting the environment, climate
or human health at risk?




Section 1

Markets Can Solve the Global Energy Challenge...
if We Let Them

1. Increasing Energy Access




1in 6 People Worldwide Lack Access to Reliable Electricity

According to the International Energy Agency, nearly 1.2 billion people globally lack access to

reliable electricity—300 million in India alone. As access to electricity grows, fossil fuels are
expected to meet much of the increase in energy demand.
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Energy is Critical for Growth

Primary Energy Demand & GDP per Capita (2013)

12 Log GDP per Capita ~ > There is no economic growth
a without energy.
N > Continued growth in energy
demand per capita is critical
10 for improving quality of life in
emerging economies.
9 > In this sense, expanded
energy access is not only
8 desirable, it is fundamentally

imperative and inevitable.

4 6 8 10

Log Energy Demand oer Capita Source: EPIC analysis based on World Bank data.
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Energy Access is a Major Problem

Per Capita Electricity Consumption and Population

Country Population kWh per
(Millions) Capita
U.S. 316 12,988
Germany 82 7,019
China 1,357 3,762
World 7,176 3,04
Brazil 204 2,529
India 1,279 765
Bihar 104 122

» Per capita energy

consumption in developing
economies remains
significantly lower than
developed world levels.

According to the
International Energy Agency,
nearly 1.2 billion people
globally lack access to
reliable electricity—300
million in India alone.

It takes 131 kWh to use a 60
watt light bulb for 6 hours
per day for a full year.

Source: World Bank (2013)
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Investment is Flowing to Off-Grid Solutions

NEW YORKER

> Cumulative investments in off-grid solar
technologies through the end of 2015
totaled $511 million.

A REPORTER AT LARGE
JUNE 26, 2017 ISSUE

THE RACE
TO SOLAR-
POWER
AFRICA

American smrz‘ups are

> Between 2012 and 2015 investments grew
by 15-fold, to $276 million in 2015.

> Over $36 million of investments have come
from grant funding.

“Developing countries can leapfrog
conventional options in favor of cleaner
energy solutions, just as they leapfrogged

competing to bring . . -
electricity to communities land-line based phqne technologies in
that remain off the grid. favor of mobile networks.”

By Bill McKibben Ban Ki-Moon, then United Nations

f oy Secretary General, 2012

Source: Investment totals from “Off-Grid Solar Market Trends Report
2016”, Lighting Global and Bloomberg New Energy Finance,
February 2016.
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A Variety of Retail Sources Already Exist

Summary of Electricity Sources in Bihar

» Off-grid options usually do

g Hours 300 Watts 200 Rs. !
not enter in a vacuum.
> In Bihar, diesel is the big off-
grid electricity source and
225 150 the government is
continually expanding grid
access.
150 100
e 0 B Grid
Bl Diesel
@ Mini-Grid
0 o HH [ ] o I Rooftop Solar

Daily Supply Load Monthly Price

)]

N

N

Source: Ryan et al. (2013)
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Price (Rs)

Off-Grid Uptake Will Likely Be Limited

Mini-Grid Solar Demand Curve

500 © > Results are from a .
randomized experiment in
India, where villages were
given access to mini-grid
solar energy at various
prices.

> No evidence of significant
effects on health and
100 educational outcomes.

Paid Once > Even at subsidized prices,
take-up fell dramatically over
the 28 month time period.

» Demand fell most in areas
where grid was made
available.

O 0.1 0.2 0.3

Share of Customers Source: Ryan et al. (2017)
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Price (Rs)

Off-Grid Uptake Will Likely Be Limited

Mini-Grid Solar Demand Curve

200 @ © > Results are from a .
randomized experiment in
India, where villages were
given access to mini-grid
solar energy at various
prices.

> No evidence of significant
effects on health and
educational outcomes.

100

Paid at Paid Once » Even at subsidized prices,
end line take-up fell dramatically over
the 28 month time period.

» Demand fell most in areas
where grid was made
available.

O 0.1 0.2 0.3

Share of Customers Source: Ryan et al. (2017)
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Many Countries Suffer High Line Loss Rates

Transmission and Distribution Losses by Country

24%
21%
18%
17% 17% 16%
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» Electricity is treated as a
right in many countries.

> Research suggests that
about two-thirds of India’s
losses are non-technical or
commercial losses.

> Loss rate in Bihar is 46%.
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Source: OECD
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Challenging Economics

Cost of Supply versus Revenue in India

600 Paise per kWh » Utilities in India make a loss
on every unit of electricity
sold.

500

Distribution > This results in financially
company distressed distribution

400 utilities.

300

200

100

0

2009 2010 201 2012 2013

=0=—Average Tariff Realized =0=— Average Cost of Supply

Source: Bihar Distribution Companies
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DISCOMs Ration Power to Stay Solvent

Distribution of Daily Electricity Supply in Bihar

£ 40 > Only 26% of rural Bihar
3 households used electricity
§ 35 as a primary source of
5 lighting in 2012.
§ 30 » Rationing means feeders are
o - turned off and electricity
isn’t available at any price;
not necessarily a shortage of
20 generation.
15
10

5
IIIII.I-I H_EH . HE

0
01234567 8910M1213141516 17 18 1920 21222324
Hours of Electricity Per Day

Source: Indian Human Development Survey 2011
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An Experiment to Change the Social Norm that

Electricity is a Right

1) Project to rapidly and cost-effectively
increase electricity access in one of
India’s poorest states

> 100 million people with enough
electricity on average to use one light
bulb for six hours per day

2) Our sample includes a total of 400
electricity system feeders, covers a
population of 28 million people

> Experimental design focuses on
breaking the expectation that
electricity is a right

> Bill inserts to 570,000 consumers

> 30,000 SMS messages sent every
month

R &7 Al @ g
TIAE 91 W faorell @t amyfif
T8 AR I3 AR ¥ A ga |

1998 W ST QW A 4 H G ety
o faereht A o, M &% # S

“Pay bills on time, get high electricity supply.
People of my area paid their electricity bills on
time, leading to more supply here and helped
me gain profits in my business.”
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Revenue Rate Increased by 40% per Feeder

Treatment and Control Feeder Revenue Rate

0.6 > Revenue per feeder

g/ltzrrl;eting Reset increased by Rs 400,000

(approx. $6,250 USD).

> This allows utilities to
purchase up to an additional
67,000 kWh per feeder.

> Scaling up throughout all of
Bihar would lead to
additional revenue to
purchase 300 GW, or 10% of
0.2 current supply.

=0=Treatment

=0—Control

0
May-14  Sep-14  Jan-15 May-15 Sep-15 Jan-16  May-16

Source: Ryan et al. (2017)
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Major Opportunities Beyond Bihar

Percent of Population Connected to the Grid
In Countries With High Transmission Losses

O, apye
100% () o ) o > More than 1.7 billion people
90% are connected to the grid in
countries with transmission
80% O and distribution losses
greater than 10%.
70%
o o
60% [+]
50%
40%
30% 0
o
20%
10%
=

0%

Zambia India Ghana Pakistan Kenya Brazil Mexico Argentina Uruguay Bangladesh

"l oss % ®Pop connected to grid



Section 2

Markets Can Solve the Global Energy Challenge...
if We Let Them

2. Protecting Health from Pollution Related to
Energy Consumption




What are the health and pollution consequences of continued reliance on
fossil fuels?

The International Energy Agency expects fossil fuels to supply 74 percent of the world’s primary
energy demand in 2040, compared to 81 percent in 2014.
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China’s Huai River Winter Heating Policy

1) Established in the 1950-80 period, during the planning period

2) Provides free coal to run small boilers from November 15 to March 15 to keep
households warm

3) Due to budget limitations, the heating system only exists North of the line
formed by the Huai River and Qinling Mountains

» Heating forbidden to the South

» In recent years as the market economy has taken hold, heating has
started to emerge in the South



The Dividing Line

The Huai River forms the dividing line between regions with heavy coal-fired home heating and
regions with little to no use of such boilers.
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Micrograms per Cubic Meter
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Pollution is 50% Higher North of the River

PM,o Emissions North and South of the Huai River

175

150

125

100

75

50

PM,, is 41.7
micrograms per cubic
meter higher north of
the Huai River

-5 5 15

Degrees North of the Huai River Boundary

PM,, Concentrations
South of Huai
River

PM1, Concentrations
North of Huai
River

Source: Greenstone et al (2017)



Life Expectancy (Years)
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Life Expectancy is about 3 Years Lower

Life Expectancy North and South of the Huai River

85
O Life _ Life Expectancy
expectancy is South of Huai
3.1 years lower River
O R O —— north of the
Huai River.
30 Life Expectancy
‘ North of Huai
River
75
70
15 -5 5 15

Degrees North of the Huai River Boundary Source: Greenstone et al (2017)



Global Concentrations of PM,

High concentrations of fine particulate matter have caused the loss of 2.1 billion life years in
India and 2.5 billion in N. China.

. - - T
' '*Q:'l -'J

- . .
Air Pollution Standards 4 My __
/ /

0 5 10 15 20 50 >80

Particulate Matter (PM, 5)
(units: pug/m®)

WHO Indian NAAQS
T T T T T ——

/" RobinsonProjec
Map Credit: CIESIN Columbia University, April 2(
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Nations Implement Standards in Response

Annual PM, : Standards for Select Countries

45 Micrograms per Cubic Meter > The conventional solution is
to establish National Air

40 Quality Standards.

25 » 80+ countries have PM, s
standards. These standards

30 are inconsistent around the
world and determined

25 arbitrarily.

> Only 6 countries have a PM, ¢
20 standard at or below the
" WHO standard.

WHO Standard

10
5
0
Australia, Afghanistan, Singapore, Bangladesh, Chile, Colombia, China, India
Malawi Cameroon, United Japan, Montenegro, European Kenya,
Canada, Iran States Pakistan... South Africa Union, Malaysia Source: National standards from Joss et al (2017)

Russia...



Millions of People
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But Often Lack Enforcement Tools

India: Population by Ambient PM, s Exposure
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Source: EPIC analysis using LandScan Global Population
Database and PMa5 Data from the Atmospheric
Composition Analysis Group

PM, ; Exposure (Micrograms per Cubic Meter)
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But Often Lack Enforcement Tools

China: Population by Ambient PM, s Exposure

live in areas
160 above NAAQS
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Source: EPIC analysis using LandScan Global Population
Database and PMa5 Data from the Atmospheric
Composition Analysis Group
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Non-Compliance With Environmental Standards
Is Common Practice

1) In early 2017, China’s Ministry of
Environmental Protection
examined whether businesses
were meeting environmental
standards for controlling pollution

> |Inspected 20,000 businesses
across 28 cities in northern China

2) Inspectors found that nearly 70%
of these businesses failed to meet
standards

> Violations included lack of
pollution control equipment,
excessive emissions, and lack of
relevant certifications

Source: The New York Times, June 13, 2017



Case Study: An Experiment to Improve Environmental Regulation in Gujarat

Gujarat is the most industrialized state in India and among its most heavily polluted. The Gujarat
Pollution Control Board regulates more than 20,000 industrial plants using third-party audits.
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The Policy Status Quo

1) India has strict environmental laws on the books
» Yet, pollution levels are high

2) Gujarat uses third-party audits to enforce environmental regulations
» Polluters select and pay their auditors

3) Working with the Gujarat Pollution Control Board, we designed an
intervention to break this conflict of interest

» We divided plants into a control group and a treatment group
» The control group continued the status quo approach to audits

» In the treatment group, polluters paid into a central fund, which randomly
assigned auditors to the plants
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Getting a Better Pollution Audit

Audit Readings for Suspended Particulate Matter

20 Plants > Most plants
Compliance Limit reported to be in

compliance
under the status
15 quo auditing
" Status Quo system.
10
o IIIII II I I
0 100 200 300 400

Micrograms per Cubic Meter
Source: Duflo et al (2013)
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Getting a Better Pollution Audit

Audit Readings for Suspended Particulate Matter

20
Plants Compliance Limit

15

10 |

" Status Quo
BBack Checks

ul

300 400

Micrograms per Cubic Meter

> Result One:

reporting was
corrupt in the
status quo.

When we
conducted ‘back
checks’ to verify
actual emission
levels at the
source, we found
a drastically
different range
of performance.

Source: Duflo et al (2013)
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Getting a Better Pollution Audit

Audit Readings for Suspended Particulate Matter

20 Plants : e > Treatment
Compliance Limit auditors
reported a much

wider range of
15 emissions.

®Treatment Audits

10

ul

O

i III IIIII||I| IIII‘I ‘ IIII IIIII 1 I
0 100 200

300 400

Micrograms per Cubic Meter
Source: Duflo et al (2013)
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Getting a Better Pollution Audit

Audit Readings for Suspended Particulate Matter

20 Plants > Result Two: the
Compliance Limit treatment

caused the
auditors to
. become more
®ETreatment Audits truthful.
mBackchecks
10
5

L

A e

DRINT a1
100 200 300 400

Micrograms per Cubic Meter

0 IIIIIlII I|II| I
0

Source: Duflo et al (2013)



What happened to pollution?

The reformed auditing program caused plants to reduce their pollution emissions by 28 percent.

s |




Research and Policy Partnership

“Our partnership proves the success of innovative,

evidence-based approaches to policymaking and is
a model for how researchers and policymakers can
make a big difference by working together.”

Hardik Shah, Member Secretary of the Gujarat Pollution Control Board




Section 3

Markets Can Solve the Global Energy Challenge...
if We Let Them

3. Preventing Disruptive Climate Change




What are the costs of this? And how should policy reflect them?

Climate policy faces a key challenges today: lawmakers do not know how to value the vast
amounts of carbon pollution being pumped into the atmosphere, leaving policy around the
world inconsistent and ineffective.
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Cost per tCO, abated ($2016)

Large Variation in Cost Effectiveness of
Energy Efficiency Programs

Cost Effectiveness of Programs that Abated Carbon Emissions

700 Energy Efficiency Programs
$602 Rebates for appliance upgrade
600 (Davis et al. 2014)

Rebates for reducing electricity use
(Ito 2015)

500 $468
[ Rebates for efficient vehicles
(Li et al. 2012)
400 Residential weatherization
$313 (Fowlie et al. 2017)
300
$207
200
100 U.S. Social Cost

of Carbon: $42
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Cost per tCO, abated ($2016)

Large Variation in Cost Effectiveness of

Energy Efficiency Programs

Cost Effectiveness of Programs that Abated Carbon Emissions

700

$602
600

500 $468

400

$313
300

$207
200

100 U.S. Social Cost
of Carbon: $42

Energy Efficiency Programs

Rebates for appliance upgrade
Rebates for reducing electricity use
B Rebates for efficient vehicles

Residential weatherization

Cap-and-Trade Initiatives

H RGGl
EU ETS
[ California CaT

Source: Cap-and-trade prices from
World Bank as of August 1, 2016.



The number of countries that have implemented some form of carbon pricing has grown
rapidly in recent years. In 2003, almost no global emissions were priced. Today, the share is
13.4 percent and growing. Yet prices are extremely inconsistent.

N - 4
“ Europe

Iceland $10

; Finland $48

__3Norway $33

>~ eden $168
Denmark $31
United Kingdom $16
Ireland $28
European Union, ETS  §7
Switzerland $68 ,
France $1

T
> 2
D %.t

(' Asia/Oceania
\| Kazakhstan
* _’ x Beijing, China
2 g )
Americas \‘ ‘ E:?:ln' China
Zg::a&él:r:ra\g:z, Canada 2.:_3 ‘&ﬁ’ Share of Global Tokyo, Japan
) _ S . Saitama, Japan
Quebec, Canada $13 ' ﬁ Emissions Priced Hubei, China
RGGI, USA $5 ’ Shanghai, China
Boulder, Colorado, USA $7 b Chongging, China
California, USA $13 Guangdong, China
Mexico "o $3 Shenzhen, China
Costa Rica $1-4$14 New Zealand

13.4%

o 0% ’

1990 2003 2016

$7
$9
$5
$3
$95
$5
$4
$6
$5
$10
$13
$2
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How We Measure Damages Today

Climate Damages

30% Share of Global GDP

25%

20%

15%

10%

5%

0%

-5%

—O—FUND (CS=3)
—O0—DICE 2007
—O—PAGE Mean

0 1 2 3 4 5 6 7 8 9 10

Global Mean Temperature Rise (°C above Preindustrial Levels)

“The assumptions built into
the economic modeling on
growth, damages and risks,
come close to assuming
directly that the impacts and
costs will be modest.”

“A new generation of models
is needed in all three of
climate science, impact and
economics.”

-N. Stern, JEL 2013
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A Better Approach to Measurement

.+ Climate
220 Impact Lab

A New Way of Thinking about
Measuring Climate Damages

1.

Based on observations of real
world relationships between
climate and human well-being

Highly localized to capture
nonlinearities

Measurements of Climate Impacts

Mortality:
Agriculture:
Energy:
Labor:
Conflict:
Crime:
Migration:

Coastal:

Heat and cold deaths

Crop vyields for seven major crops
Energy and electricity demand
Labor supply effects

Large-scale violent conflict
Interpersonal violent crime
International and within-country

Sea level rise and storm damages
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A More Realistic View of the World

DICE (1992): One Global Region




-y ENERGY POLICY INSTITUTE
: AT THE UNIVERSITY OF CHICAGO

A More Realistic View of the World

FUND (1996): 16 Global Regions
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A More Realistic View of the World

Climate Impact Lab (2017): 25,000 Global Regions




T -

Case Study: Mortality

Health costs will undoubtedly be one of the largest impacts of a warming world. In particular,

mortality due to an increase in hot days will likely increase. But how much will costs increase
and where? And what is the role of adaptation?
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The World is Expected to Get Hotter

Distribution of Average Temperatures in India

70
60
50
40
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B Historical Distribution: 1957-2000 Average
EHadlev 3 ATFI (error-corrected): 2070-2099 Averaae
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Impacts to the US are Minimal

Estimated Impact of Temperature on Mortality

0.0006 Change in Log Annual Mortality Rate > This figure presents the
estimated mortality impact
of a day in one of seven daily
temperate bins relative to a

0.0004 day in the 70-74° F bin.

> There is a clear relationship
between increased
temperature and mortality,
0.0002 though the actual impacts
are minimal for Americans.

0.0000 \/<ﬂ

(0.0002)

<65 65-69 70-74 75-79 80-84 85-89 90-94 >=95

Daily Average Temperature
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Impacts to the US are Minimal

Estimated Impact of Temperature on Mortality

0.015 Change in Log Annual Mortality Rate > The relationship in the United
States is negligible if we
zoom out to a scale where
large changes would indicate

0.010 much more dramatic
impacts.

0.005

(0.005)
<65 65-69 70-74 75-79 80-84 85-89 90-94 >=95

Daily Average Temperature
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Impacts to the US are Minimal

Estimated Impact of Temperature on Mortality

0.015 Change in Log Annual Mortality Rate

0.010

0.005

0.000

(0.005)
<65 65-69 70-74 75-79 80-84 85-89 90-94 >=95

Daily Average Temperature

> The relationship in the United

States is negligible if we
zoom out to a scale where
large changes would indicate
much more dramatic
impacts.

However, even at this scale,
the relationship in India is
today quite substantial,
indicating that the
population there is highly
vulnerable to shifts in
temperature.
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Global Mortality

Impact Lab Data Coverage: Mortality

> Universe of mortality data from
multiple countries equal to 57
percent of global population.

> Daily historical county
temperature and precipitation.

> High-resolution projections of
roughly 20 GCMs to 2100.

> RCPs 4.5, 8.5 provide
approximately 100 datasets of
daily future weather.

I Data in current case study Data in progress (reanalysis and new projects)
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Estimating the Mortality Temperature Relationship

Maict — fa(Tlt) + [92,1Pit + 9;,2Pi2t:| + Qrai + 5act + Eiat

J
mortality rate h _ fixed effects
temperature and rainfall

a = age group, i = county, ¢ = country, t = year

O —

o

o

o

o A age > 65

o

@

o

E o -

©

8 age<5
o 7/ age 5-64

0 20 40
Daily temperature (°C)
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Empirics and Granularity Matter
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Heat Induced Mortality in Climate Models

Deaths per 100,000

FUND

2000

2020

2080

2100




— Deaths per 100,000
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Empirics and Granularity Matter

Heat Induced Mortality in Climate Models

Climate Impact Lab

2000 2020 2040 2060 2080 2100
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Reconsidering Climate Damages

Climate Damages

Share of global GDP

15% -
DICE
PAGE
FUND
10% -
5%
0% -
I I 1 I 1
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The number of countries that have implemented some form of carbon pricing has grown
rapidly in recent years. In 2003, almost no global emissions were priced. Today, the share is
13.4 percent and growing. Yet prices are extremely inconsistent.
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The Global Energy Challenge

How can we ensure that people around the world have access to the reliable, affordable, energy

needed for economic growth and human development without putting the environment, climate
or human health at risk?




