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Objectives & Overview

. Explore energy access and impact across scales:
from African households to nations & global
Impacts

. Develop quantitative models of national/regional
health and environmental impacts associated with
energy provision

. Develop science & engineering based policy
approaches to support African economies and
safeguard the environment

. Explore Research & Development linkages to
address energy needs in developed and developing
nations




Annual per capita energy consumption by source
(GJ per person - 1999)

O Biomass
W Hydro
O Nuclear fuels

Even countries with major
endowments of petroleum
rely heavily on biomass. B Liquid fuels

O Coal
«==\World average

O Gaseous fuels

Source: WRI: (2003). "EarthTrends: The Environmental I nformation Portal." 2003(January 15, 2003).
http://earthtrends.wri.org/index.cfm.



http://earthtrends.wri.org/index.cfm

Sub-Saharan Africa’s wood-energy
consumption iIs the highest |n the world

Primary production of
biomass energy in 2000 (108
Joules)

Sub Saharan Africa  10.2

China 8.9

I Wood used for charcoal production
[__1WWood used directly as firewood

India 8.4 [—IMet in region

7 AMo data

. . [0 - 0.2 tons per capita
Latin America 3.2 [C10.2 - 0.4 tons per capita
0.4 - 0.5 tons per capita
IO 5 - 0.8 tons per capita
Source: IEA, 2003 B0 8 - 1.0 tons per capita
Bl 1.0-1.5tons per capita
I > 1.5 tons per capita

Charcoal is not just

an African issue



Dung Patty Preparation in India




Energy Demand Links Rural
and Urban Settlements

90% of residential energy in
Sub-Saharan Africa is derived
from biomass

Charcoal, produced in rural
areas, Is used across
socioeconomic strata in urban
Africa (Hosier, 1987; Ribot,
1992)

The African urban population
IS Increasing 4-5% per year;
the fastest rate of any region
In the world




Rising energy prices have made charcoal
the most economical cooking option

Monthly Cooking Cost: Dar es Salaam, Tanzania: 1990 and 2004

. 2004
lowest cost option (1990) 2004

2004
lowest cost option (2004)
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Data Source: Hosier, R.H. and W. Kipondya, Urban household energy use in Tanzania. Energy Policy, 1993. May: p. 454-473.
(1990); R. Ghanadan, unpublished (2004)




Energetic Drivers of Charcoal Production:

Biomass aCharcoal (at low or
variable efficiency)

- High calorific value
Requires less attention to cook
Emits less smoke

More economical to transport

Purchased in small (often daily)
guantities

Preferred by urban consumers

- 82% of urban households use
charcoal

- Avg. annual consumption ~150
kg/per person




Evidence of Land Conversion

Landsat images showing the expansion of mechanized farming in Narok

From Serneels and Lambin (2004) http://www.geo.ucl.ac.be/Recherche/Teledetection/Projects/Serneels_Serengeti.html



http://www.geo.ucl.ac.be/Recherche/Teledetection/Projects/Serneels_Serengeti.html

Charcoal Trade Now U

Social-ecological Impacts:
Over 200,000 people employed in Kenya

~ $300 million in annual revenue
(equivalent to tourism)

Extensive but poorly characterized supply
chains

Ambiguous and inconsistent regulations
Strong association with environmental
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Distribution of revenues of charcoal
sold 1n Nairobi

«— Charcoal makers 17-20%
Transporters ~15%
Buyers 8-18%
Police (bribes) 20-30%

includes vendors,
and local gov’t

(Bailis, 2005)




Carbon Emissions from

Charcoal Production & Use

pyrolignous
liquid
[185] "fines' & handling
losses [100]

charcoal kiln/ charcoal stove/
biomass pyrolysis combustion

charcoal | CO»p

'T [403] 1‘ _{ ] 1 [353/353]

| CHy aerosol
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CO NMHC | ] [1.3/15]
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wood
[1000]
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Carbon in gramsis shown in brackets; followed by the global warming potential on a 100-year time horizon

Data from Smith and Thorneloe, 1992: L acaux. et al. 1994. NMHC = Non methane hvdrocarbons.



Atmospheric impacts of biofuels
(100 life-cycle analysis: CO,, CH,, CO, ...)

Global warming impact (GWI) from production and end-use of common household cooking fuels

Il Production - sustainable biomass

I Production - fossil fuels

[ End-use - fossil fuels

I End-use - sustainable biomass
End-use - unsustainable biomass
Production - unsustainable biomass
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Source Bertschi et al. Bertschi et al. Smith et. al.; Pennise GREET model/Pennise

Location (sub-Saharan Africa) (sub-Saharan Africa) (Brazil) (Us) (Us)
Traditional kiln Improved kiln

Fuel Firewood Charcoal LPG Kerosene

Adapted from Bailis, Ezzati & Kammen, ES&T (2003)



Impact of Smoke from woodfuels:
a leading risk factor for mortality in SSA

Sub-Saharan Africa (a total of ~10.4 million deaths in 2000)

Indoor smoke

from solid fuels
4% Unsafe water

6%

Other causes
41%

Malnutrition
28%

T

Unsafe sex
Adapted from Ezzati, et al. 2002 21%




Stove Science and Stove Services
Lailkipia, Kenya (1992 - 1998)

e Research and community

e Health examinations testing of stoves

for aII malor dlseases

.j_* ol

e Detailed
monitoring of both
personal and
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Exposure-Response Relationship
for Acute Lower Respiratory lliness (ALRI)

S EPA standard

Ceramic Wood Stoves
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For subjects between 5 and 50

Gharcoal <

o
<
2
=
©
®)
o
o

Average Daily Exposure to SPM (ng / m?3)

Based on over 220 10+ hour continuous home monitoring sessions Ezzati & Kammen, The Lancet (2001)



Global & Regional Impacts

Change in GHG emissions Decrease in Mortality
Primary relative to BAU (2000- relative to BAU
Scenario  cooking fuel A01510)! (2000-2030)

BAU
BAU-S

-34%

Fuelwood

No change

=
RF

-10%
-1%

Fossil fuels

1.3 million
3.7 million

C-S
C
RC

5%
37%
137%
189%

Charcoal

2.8 million
1.0 million
1.0 million
2.8 million

S = sustainable (= 80% or more wood regrown)
R = rapid (~10 year) transitions




Cookstove Market Programs

The Chula: > 8 million in India The Kenya Jiko: > 1 million




VOLUME 3 NUMBER 1

Targeting urban
slums for “market
expansion”




QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.



Energy Awareness Calendars:
Produced for the East African market
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“Mr. and Mrs. Kanogo need to talk about household energy”




Household Allocation of
Solar Electricity
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Solar Advertising In Kenya

FANTASTIC

OFFER

The 14 Watt Solar Panel from Sollatek is ideal for small
home solar systems, fo provide cheap power for
lighting, radios and television.

* Metal frame for easy mounting and security

¢ More than 1() year expected life span
year warranty ;ﬁfﬁaﬁm
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




Kenya Solar Market Growth

(largest developing nation market per/capita)
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Duke, Richard. D, Jacobson, Arne, and Daniel M. Kammen (2002) “Product quality in the Kenyan solar home
industry”, Energy Policy, 30 (6), 477-499




U. of Nairobi Test S




Staebler Wronski Degradation for a
New NAPS aSi PV Module

Frequency (kHz)




Results of Market Study:
n > 150 systems surveyed in the field




D We sell

55 SOLAR PANELS

Made by Free Energy Europe, France

FREEEtEEE}IPEERGy Best tested in Kenya, 1999-2000




Kenya Solar Market Growth
(largest LDC market per/capita)

I Amorphous Silicon Solar Modul
Crystalline Silicon Solar Modules

e

vear 14 W aS| panel

e SHS market grew out of donor aid market in 1980s
e Infrastructure & capacity building support key for sustained growth

Jacobson, Energy Policy, in press.
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Federal R& D Investments, 1955 - 2004

oDefense
B Space
10@ @Health

12Q

Federal under-investment in energy

w ~Isatragedy, and an opportunity
gol DOGeneral Sci

B Other

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

PCAST (1997); Margolis & Kammen, Science (1999)




Private Sector R& D Investment in Health and Energy

Drugs and
Medicines
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Kammen and Nemet (2005) I ssuesin Science & Technology



Citations Recelv
"Energy Sector”

1975 - 1990: Energy patents
cited > 30% less than
patents as a whole.

New patents:
Short citation

——Power
—1-All Pate

Ollllllllllllllllllllllllllllllll

1965 1970 1975 1980 1985 1990 1995

Average citati

Kammen and Nemet (2005) I ssuesin Science & Technology
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Science helps build a new India

Owen working the fields . . . the eternal river (langes . . . jeweled elephants on parade.
Today these aymbols of ancient India exist side by side with a new sight —modern in-
dustry, India has developed bold new pluns (o build its economy and bring the promise
of a bright future to its more than 400,000,000 people. » But Indin needs the technical
knowledge of the western world. For example, working with Indian enginesra and
technicians, Union Carbide recently made available its vast scientific resources (o help
build a major chemicals and plastics plant near Hombay, & Throughout the free world,
Union Carbide has been actively engaged in building plants for the manufacture of
chemicals, plastics, carbons, gases, and metals, The people of Union Carbide welcome
the opportunity to use their knowledge and skills in partnership with the citizens
of s many great countries.

UNION

A HAND IN THINGES TO COME
il o O P, ek b el b i GAHBIDE

WHITE for donblst B8 T
Madeln i enrduita, i




Opportunities & Directions

Low-cost opportunities exist to improve local
environments and health, and build clean energy
economies.

- Biomass combustion & gassification
- Solar & wind energy systems across application scales

- Local smart mini-grids

Energy challenges link developed and developing nations,
and we won’t discover or act on these issues without
making this area a priority




World PV Module Shipments
(Megawatts)
(25% annual growth for 10+ years)

600
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O 585 1985 1987 1983 1989 1990 1901 1092 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
mRestofWorld 1 2 3 3 4 5 5 5 4 6 6 10 9 19 28 44 638 80
o Europe 3 4 5 7 8 10 13 16 17 22 20 19 30 30 4 5 77 120
m Japan 0 12 19 13 14 17 20 19 17 17 16 21 35 49 75 100 165 180

B United States 8 7 9 11 14 15 17 18 2 26 35 39 51 54 58 61 63 65
o Total 23 26 30 34 40 47 55 58 60 70 78 89 126 151 202 257 373 445

2003 Annual growth: 34%; 50% in 2004 (to 1200 M W)

Today: global PV production is equivalent (MW) to one large fossil-fuel power plant/year




Sub-Saharan Africa’s
population

Rural and Urban Population in sub-Saharan Africa
(millions of people: 1950-2030)

B Urban population

O Rural population

O
P

Q Q Q Q Q
O 4 N ) Q
S S & S 5 S

% %

Source: Population Division, Dept. of Economic and Social Affairs, United Nations



Solar Energy for
Many Applications
Moscone Center: 675,000 W

Key finding: Investment In

solar energy research and Kenyan PV market:
deployment paysdividends
for many applications and
for businesses across scales.

Average system: 18W




Energy Calendar & Industry Workshops:

Extension Efforts




Regional Analysis of Energy Futuresin Africa

Scenario

Household fuel
choice pattern

Woodfuel
harvest and
charcoal
production

Definitions

Group 1: Business as usual scenarios

Business-as-usual
(BAU)

Little change
from current

Sustainable BAU
(BAU-S)

patterns in rural
and urban areas

Unsustainable

The proportion of people in rural and urban areas using each fuel remains
unchanged from the baseline year.

20% of trees removed for charcoal and 80% for wood regenerate.

Fully
sustainable by
2050

Increase in the proportion of trees harvested sustainably as well as in the
use of improved (high-efficiency) charcoal kilns. By 2050, tree regeneration
reaches 8 for charcoal harvesting and 100% for firewood harvesting.

Group 2: Charcoal in

tensive scenarios

Charcoal (C)

Sustainable
charcoal (C-S)

Large shift from
wood to

Rapid charcoal
(RC)

charcoal with
minimal use of
fossil fuels

Rapid sustainable
charcoal (RC-S)

Unsustainable

Linear transition from wood to charcoal in both urban and rural areas

In2 050 approximately 80% of urban households and 40% of rural
households are using charcoal (61% of the total population).

Fully
sustainable by
2050

By 2050, tree regeneration reaches 80% for charcoal production and 100%
for firewood harvest; all charcoal efficiently produced.

Unsustainable

Firewood users decreases by 40% in rural areas and by 100% in urban areas
In 2010, (52% of the total population).

By 2050, the fraction of the population using charcoal increases to 64%.

Fully
sustainable by
2010

Tree regeneration reaches 80% for charcoal production and 100% for
firewood harvest; 100% of charcoal production in high-efficiency kilns.

Group 3: Fossil fuel i

ntensive scenarios

Fossil-fuel (F)

Large shift from
wood and

Rapid fossil-fuel

charcoal to
petroleum-based

(RF)

fossil fuels

Unsustainable

Firewood and charcoal users switch gradually to LPG/kerosene.
Fossil fuel use = 54% in 2050.

Unsustainable

RF follows a similar pattern as scenario F, but at an accelerated pace..
Fossil fuel use = 63% in 2050.




Results of GHG emissions
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African Residential GHG Emissions
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African Residential GHG Emissions
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Africa I1s Undergoing
Dramatic Power Sector Reforms (privatization)

Region No. of Countries

Africa & Middle East 17
Western Europe 17
Central & Eastern Europe 12
Asia & Australia
South America
North America
Total

Source: Bacon, R.W. and J. Besant-Jones, Global Electric Power Reform, Privatization and
Liberalization of the Electric Power Industry in Developing Countries. Annual Review of Energy and
the Environment, 2001. 26: p. 331-359.




E Co-Conspirators

Students:
Bilomass Energy: Rob Balilis (ERG ® Yale FES)
Majid Ezzati (Harvard SPH)
Solar Energy: Arne Jacobson (HSU/SERC)
Rebecca Ghanadan (ERG)
Charles Kirubi (ERG/Kenyatta)
Energy R&D: Greg Nemet (ERG)
Carla Peterman (ERG)




Finding:

Investmentsin
energy
efficiency and
renewables

creates3-5
times more jobs

than ssimilar
Investmentsin
fossi| fuel
energy systems

Report
available
at: http://socrates.ber keley.edu/~rael/papers.ntmil



http://socrates.berkeley.edu/~rael/papers.html

Narok District feeds Urban
Energy Demand (R. Bailis

) KENYA

obi
I : &
25% of Nairobi’s charcoal is J
produced in Narok, but only became . A,

major source in the past 5 years
1963 -1990s

Narok Case Study %\Q  Nair

Land tenure in Narok evolved from
group tenure to freehold tenure

Shift in economic focus from mostly
pastoral to commercial grain and
subsistence cultivation

1999-2005

Charcoal makers arrive in district en _
masse. Facilitate LUC by lowering I\/I_aasalu Mara
the cost of clearing land. National Reserve




\ Project or Program CostsDALY
DALY - disability adjusted life year)

Hospital care (respiratory ilinesses) $300 - 1,000/DALY

Vehicle improvement programs $100 -250/DALY

Anti-smoking campaigns $35- 75/DALY (African settings)
Immunizations $5 - 25/DALY

Stove programs

- Improved biomass stoves: $5 - 25 per DALY

. Addition of chimneys: $? per DALY

. Use of kerosene and LPG: $150-200 per DALY

GHG Management (not the primary motivation in Africa)

- Sustainable forestry has tremendous benefits and low costs (~ $5/t
Carbon)
Improved stove (& charcoal kiln) programs also at very low cost




summing up regional impacts

Mortality: ~ 10 million deaths from LRI and COPD

- Gradual transition to charcoal or fossil fuels avoids 1 - 1.3 million
deaths

- Rapid transition to charcoal or fossil fuels avoids 2.8 - 3.7 million
deaths

GHGs: ~ 6.7 GtC (CO, equivalent units using 100-yr GWP)
- Pace of transition not as important

- Transition to fossil fuels decrease emissions 1 - 10 %

- Transition to charcoal with current production practices increases
emissions 140 - 190 %

Charcoal transition with sustainable harvesting and improved
production only increases emissions by 5 - 36 %




aSi PV Module Output vs. Age

——Linear Regression for Combined Data
B Koncar Panels (12 Wp)
¢ Old NAPS Panels (11 Wp)




Photovoltaic IV Curve Basics
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I
US$0.10/W  US$0.20/W US$0.50/W
/

100

Thermodynamic
limit

oo
o

=1
o

US$1.00/W

I
o

Present limit

Efficiency,%

ko
o

US$3.50/W

0 100 200 300 400 500
Cost, US$/m?2

Source M. Green, UNSW




Millions of Lives Can be Saved with
transitions to ....

Estimated deaths (x 10%) from
child LRI and adult female COPD

LRI: Lower respiratory illness

COPD: Chronic obstructive
pulmonary disease

I I !

2000 2005 2020 2025 2030




