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April 28 Thur. 17319 ARR NARITA by SQ12(#1 TERMINAL)
To the hotel
*HOTEL: Hotel President Aoyama
(TEL 3497-0111)

April 30 Fri. 8:45 Mr. Iida (GISPRI) will meet you at the
hotel for a breakfast meeting and take you
to the Keidanren Kaikan afterwords.

11:30 Meeting with an interpreter at the
Keidanren Kaikan (A copy of your keynote
address which you sent us has been passed
on to her/him.)

12:00 Lunch

13:00 Commemorative Symposium
(You have 50 minutes for your speech.)

17:00 Awarding Ceremony
18:00 Reception
20:00 Back to the hotel
May 1 Sat. 9:30 Leave the hotel for NARITA airport.
(We’ 1l make an arrangement for a car if

necessary. )

13:50 DEP NRT by MU 524






The Second 21st Century Barth Awards
- Global Environmental Problem Proposal Competition -

COMMEMORATIVE SYMPOSIUM - PRESENTATION OF AWARDS - RECEPTION

ODate : April 30, 1993 1:00pm~8:00pm
OVenue: Keidanren Kaikan
1-9-4 Otemchi, Chiyoda-ku, Tokyo 100
Tel. 03-3279-1411
OProgram:
COMMEMORATIVE SYMPOSIUM
1:00pm to 4:30pm at the International Conference Hall(11F)
PRESENTATION OF AWARDS
5:00pm to 6:00pm at the Pearl Room(10F)
RECEPTION
6:00pm to 8:00pm at the Ruby Room(10F)

OO0rganizers:
Nihon Keizai Shimbun, Inc.
Global Industrial and Social Progress Research Institute
(GISPRI)
OSupporters:
Ministry of International Trade & Industry
Environment Agency
Ministry of Foreign Affairs
Ministry of Education
OCooperators:
The United Nations University
Japan Junior Chamber Inc.
International Institute for Applied Systems Analysis
Resources for the Future
TATA Energy Research Institute
The Royal Institute of International Affairs
World Resources Institute
OSponsor:
Toho Mutual Life Insurance Co.



PRESENTATION OF AWARDS

17:00 Opening Address

17:02 Organizer’s speach
Takuhiko Tsuruta
President and Chief Excutive Officer
Nihon Keizai Shimbun, Inc.

17:05 Review
Takashi Mukaibo
Chairman of the Screening Committee
Chairman, Global Industrial and Social Progress Policy Forum/
Professor Emeritus, The University of Tokyo

17:15 Presentation
21st Century Earth Award
-General Study Section-
21st Century Earth Award
-Life-style Proposal Section-
Nihon Keizai Shimbun Award
-General Study Section-
Nihon Keizai Shimbun Award
-Life-style Proposal Section-
GISPRI Award
-General Study Section-
GISPRI Award
-Life-style Proposal Section-

17:35 Comments from the recipients
21st Century Earth Award
-General Study Section-
by Mr. Daniel M. Kammen
21st Century Earth Award
-Life-style Proposal Section-
by Mr. Eiju Shinnzawa



COMMEMORATIVE SYMPOSIUM
13:00 Opening Address

13:00 Keynote Speech 1
“Environment Protection In An Unequal World”
Dr. M. S. Swaminathan
Chairman of M.S.Swaminathan Research Foundation

14:00 Keynote Speech 2
“Environment Poverty and Development after UNCED -- Principles for
Cooperation”
Dr. Jonathan J. Lash
President of World Resources Institute

14:50 Recess

15:00 Panel Discussion
| “Japan’s Contribution Toward International
16:3 Environmental Problem”

e
?; . Panellsts
W,—tﬁ/ﬂ, Professor, The University of Tokyo
&&Bvb Tadashi Yasuhara / Director General, Environmental Information

Center
™MA- Nobuhiro Okada / Chairman, Japan Junior Chamber Inc.

FKrﬁ Shinji Fukukawa / Senior Advisor, Global Industrial and Social
Progress Research Institute(GISPRI)

fi

Coordinator
Hiroyuki Torii / Nihon Keizai Shimbun, Inc.






M.S.SWAMINATHAN RESEARCH FOUNDATION

M.S. SWAMINATHAN
Chairman

MSS/S5/ETRE/
13 April, 1893

Hegtor Gurgulino de Souza
Rector

United Nations University
Tokyo, Japan.

Dear Dr. de Souza,

| am looking forward to my participation in the Commemorative
Forum for the Second 2ist Century Earth Awards. Theititle of iy
lecture will be Environment Protection in an Uneqgual World. I

enclose a CV and list of publications.

My travel schedule is enclosed. Kindly ask your office to
arrange suitable hotel accommodation for April 29 and 30th and
give me a fax giving name and address of the hotel.

With warm personal regards,

Yours Sincerely,

M.S. Swaminathan

Encl: as above

14, 2nd Main Road, Kottur Gardens, Kofturpuram, Madras - 600 085, INDIA
Telephone : (044) 416923, Telex: }2}-41{)1]9 SARD IN..qu: 91-'&‘1‘-‘4!(!131“
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(Transmitted to your office on 8 April at 16:06 hours)

UNITED NATIONS UNIVERSITY

LJLJ Page 1 of 1
S
UNU FAX: +81 3 3499 2828
TELEX: J25442 UNATUNIV
ALLOTMENT MBDE:
TYPED BY: MBwa
UNU SERIAL NO: DATE: 8 April 1993 TIME: € 06
TO: Dr. M. S. Swaminathan FAX NO: (91-44)47-8148

Chairman, M.S. Swaminathan Research Foundation
Madras, India

FROM: Heitor Gurgulino de Souza Sender's Signature

Rector, United Nations University, Tokyo, Japan

X

Dear Dr. Swaminathan,

| am writing to you today, further to our telephone conversation last evening, to thank you for
accepting to give a keynote speech at the Commemorative Forum for the Second 21st Century
Earth Awards which will be held during the afternoon of 30 April 1993 in Tokyo, Japan. In
cooperation with the United Nations University (UNU), an international essay contest is being
organized by the Nihon Keizai Shimbun newspaper and the Global Industrial and Social Progress
Research Institute (GISPRI). Details of the 21st Century Earth Awards were announced in the
October 1, 1992 issue of Nature (Vol. 359, No. 6394). The forum is being held at the time of
the commendation of the 21st Century Earth Awards.

Your keynote speech should be approximately one hour in duration. The specific title of your
address would be very much your own choice, however, we are hopeful that it could be centered
on the general theme of environmental protection and international cooperation. | would be
most appreciative if you could let me know soonest the specific title of your address. Your
address would be one of two to be given during the Forum; the other keynote speaker will be

Dr. Jonathan Lash, President of the World Resources Institute. We would also appreciate it if
you could be available to interact with the other forum participants and the audience as well as
to attend the award ceremony and a reception the same afternoon.

A sum of US$15,000 has been made available for the expenses (including travel,
accommodation and honorarium) for your visit for the 30 April 1993 lecture. | would be most
grateful if you could fax to me at your earliest convenience the name and address, and account
number of the bank which this amount should be transferred. The transfer would be made to
the account upon receipt of this information to enable you to begin to make your travel and
other arrangementis. y

| would appreciate it if you could provide me with the requested details at fax number 81-3-
3499-2810 in Tokyo. We would also be most appreciative if you could send to us by fastest
means a photograph of yourself and summary C.V. that might be used in connection with the
announcement of the keynote speech.

If you should require additional information, clarification or assistance, please do not hesitate
to contact me.

With best regards, M.S S R F.
Yours sincerely, ﬁR:CF\jED
¥ 15 APR 1993
Heitor\Gurgt d¢ Souza Q”?E)O’
Rector o= :
L MADRAS
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M.S. SWAMINATHAN RESEARCH FOUNDATION
14, Second Main Road, Madras 600 085, INDIA

FAX MESSAGE

Reply Fax No. : 91-44-410031 Total No. of Pages :
Dial up No.  : 91-44-416923 (incl. this page)

16 April, 1993

Ta: Mr. ‘Max Bond
The United Nations University
Tokyo, Japan

FAX NO: (O3) 3488 2828

Telex: 125442
Dear Max Bond,

As desired | enclose two signed copies
of the application form. 1 also enclose
a copy of my travel itinerary.

With warm regards,

Yours Sincerely,

M.S. Swaminathan

Encl: 3 pages
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MSS/KS
April 9, 1993

Dr. Hetor Gurgulino de Souza
Rector,United Nations University
Tokyo, Japan

?ax No. 81 - 3 - 3499 - 2810
Dear Dr. Souza,

I thank you for your fax inviting me to deliver a key
note address on the occasion of the 21xt Century Farth
Awards on 30th April 1993. I shall: be happy to deliver
the lecture on Environment Protection in  an unequal
world. I shall arrive in Tokyo on the afternoon of
April 29th. I have to leaye for Hangzbo in China on
May 1st. Hence kindly request Your office to arrange

accommodation for two nights (29th and 30th April).

I am sending‘the phbtograph and CV by speed post. My
A/c. No. SB 8660, State Bank . of Mysore,

Abhiramapuram Branch, cC.p. Ramaswamy Iyer Road,

Madras-600 018, . Looking forward to welcoming  vou.

With warm regards, s

* Yours sincerely,

M.S. Swaminathan



(Transmitted to your office on 8 April at 16:06 hours)

UNITED NATIONS UNIVERSITY
Page 1 of 1

FACSIMILE

UNU FAX: +81 3 3499 2828

TELEX: 425442 UNATUNIV
ALLOTMENT MBDE:
TYPED BY: MBna
UNU SERIAL NO: DATE: 8 April 1993 TIME: |06
TO: Dr. M. S. Swaminathan FAX NO: (91-44)47-8148
Chairman, M.S. Swaminathan Research Foundation
Madras, India
FROM: Heitor Gurgulino de Souza Sendeﬁe/l nature
Rector, United Nations University, Tokyo, Japan
Dear Dr. Swaminathan, / ﬂ

I am writing to you today, further to our telephone conversation last evening, to thank you for
accepting to give a keynote speech at the Commemorative Forum for the Second 21st Century
Earth Awards which will be held during the afternoon of 30 April 1993 in Tokyo, Japan. In
cooperation with the United Nations University (UNU), an international essay contest is being
organized by the Nihon Keizai Shimbun newspaper and the Global Industrial and Social Progress
Research Institute (GISPRI). Details of the 21st Century Earth Awards were announced in the
October 1, 1992 issue of Nature (Vol. 359, No. 6394). The forum is being held at the time of
the commendation of the 21st Century Earth Awards.

Your keynote speech should be approximately one hour in duration. The specific title of your
address would be very much your own choice, however, we are hopeful that it could be centered
on the general theme of environmental protection and international cooperation. | would be
most appreciative if you could let me know soonest the specific title of your address. Your
address would be one of two to be given during the Forum; the other keynote speaker will be

Dr. Jonathan Lash, President of the World Resources Institute. We would also appreciate it if
you could be available to interact with the other forum participants and the audience as well as
to attend the award ceremony and a reception the same afternoon.

A sum of US$15,000 has been made available for the expenses (including travel,
accommodation and honorarium) for your visit for the 30 April 1993 lecture. | would be most
grateful if you could fax to me at your earliest convenience the name and address, and account
number of the bank which this amount should be transferred. The transfer would be made to
the account upon receipt of this information to enable you to begin to make your travel and
other arrangements.

I would appreciate it if you could provide me with the requested details at fax number 81-3-
3499-2810 in Tokyo. We would also be most appreciative if you could send to us by fastest
means a photograph of yourself and summary C.V. that might be used in connection with the
announcement of the keynote speech.

If you should require additional information, clarification or assistance, please do not hesitate
to contact me.

With best regards, M.S S P\‘ F
_____,___,

Yours sincerely, ‘ R= Ci= XD

: I 5 APR 1003

A/ : \'“ -‘ "
Heitor\Gurg de’ Souza i J
Rector -,

| waoras




UNITED NATIONS UNIVERSITY

"ltg Page 1 of 1
UNU FAX +81 3 3499 2828
TELEX: J25442 UNATUNIV
ALLOTMENT MBDE:
N TYPED BY: MB/va
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FO: Dr. M. S. Swaminathan FAX NO: (91-44)47-8148

Chairman, M.S. Swaminathan Fesearch Foundation

_____Madras, India

FROM:  Heitor (3urgulino de Souza Senders Signature

Rector, United Nations University, Tokyo, Japan Ué, 2

\

Dear Dr. Swaminathan, / J

| arn writing to you today, further to our telephone conversation last evening, to thank you for
accepting to give a keynote speech at the Commemorative Forum for the Second 21st Century
Earth Awards which will be held during the afternoon of 30 April 1993 in Tokyo, Japan. In
cocperation with the United Nations University (UNU), an international essay contest is being
organized by tre Nihon Keizai Shimbun newspaper and the Global Industrial and Social Progress
Research Institite (GISPRI). Details of the 21st Century Earth Awards were announced in the
Ocfober 1, 1992 issue of Nature (Vol. 359, No. 6394). The forum is being held at the time of

the commendation of the 21st Century Earth Awards.

Your keynot2 speech should be approximately one hour in duration. The specific title of your
adcress wotld oe very much your own choice, however, we are hopeful that it could be centered
on the general theme of environmental protection and international cooperation. | would be

mo st appreciative if you could let me know soonest the_specific title of your address. Your
adcress wotld be one of two to be given during the Forum; the other keynote speaker will be

Dr. Jonathan Lash, President of the World Resources Institute. We would also appreciate it if
yoL could be available to interact with the other forum participants and the audience as well as
to attend the av/ard ceremony and a reception the same afternoon.

A sum of US$15,000 has been mads available for the expenses (including travel,
accommodation and honorarium) for your visit for the 30 April 1993 lecture. | would be most
grateful if you could fax to me at your earliest convenience the name and address, and account
nuriber of the »ank which this amount should be transferred. The transfer would be made to
the account upan receipt of this information to enable you to begin to make your travel and

other arrangements.

| would appreciate it if you could provide me with the requested details at fax number_81-3-
34¢9-2810 i1 Tokyo. We would also be most appreciative if you could send to us by fastes:
means a photojraph of yourself and summary C.V. that might be used in connection with the
anriouncement of the keynote speech.

If you should require additional information, clarification or assistance, please do not hesitate
to contact me.

With best regerds,

Yo irs sincerely,
E \OV\M,\'J’ P'\J'{ﬁ:ar/{»fv\

Nalay

He tor\Gurgt dz\ggéouza Iy o v L3
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Re. UNll Agend: 21

In reference to my letter to you of 12 March 1993 on the above-
mentioned subiect, we have just finisHed our first meeting of the
Advisory Team here in Tokyo to discuss the organization of the
feasib:lity study on the above-mentioned initiative of the United
Nation& University. A report of the meeting is under preparation and
will be sent to you within a week or two from now. We also discussed
the vernue and dates for the second meeting and find it convenient to
hold it. in Paris on 22 and 23 May 1993 (Saturday and Sunday), as
originally scleduled, as far as those present at the first meeting are
concerrned.

I woulcd ask ycu whether you will be able to attend the meeting in Paris
on 22 &nd 23 May 1993. Alternatively, we are thinking of having a
briefing meeting in Paris on 25 May (Tuesday) for those who will not be
available on those dates. I would appreciate it very much if you could
let me know of your availability by return, hopefully by Friday this
week .

With best regerds.




REVIEW

Takashi Mukaibo

Chairman of the Screening Committee
Chairman, Global Industrial and Social
Progress Policy Forum

Professor Emeritus,

The University of Tokyo

I'm very pleased and grateful that “The Second 21st Century
Earth Awards - Global Environmental Problem Proposal Competition” was
organized again following the last year.

While serious efforts have been made and various actions taken
to solve ever growing global environmental problems and some of them
have turned out to be fruitful, the environmental problems which face
us all are far more enormous and critical, including global warming,
deforestation and endangered species of wild life.

This competition creates an oppotunity to collect excellent
opinions and ideas from all over the world and to introduce them to
the public. I hope thattheir studies and researches will be
implemented or practiced as well as encourge more people to take
actions, and therefore contribute to solve the problems and
difficulties.

This year we received 381 proposals in total; 151 in the General
Study Section and 230 in the Life-style Proposal Section. The 151
proposals in the General Study Section include 49 overseas entries
from 15 different countries. This number is twice as many as that of
last year and we owe this achievement to the overseas cooperating
organizations,

From these many proposals, we have chosen 3 in the General Study
Section and 4 including Commendation Award in the Life-style Proposal
Section. The screening committee consists of 12 members including
myself. They are all qualified and eminent people in their own
professional fields.

Now I shall introduce each recipient and his or her work. First
in the General Study Section and that will be followed by the
Life-style Proposals. Main criteria applied in the judging process
include their originality and feasibility.

The winner of the 21st Century Earth Award is Mr. Daniel M.Kammen
from the United States who made this great success with “REDUCING
GREENHOUSE GAS EMISSIONS AND INPROVING ENVIRONMENTAL HEALTH IN
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DEVELOPING NATIONS ; A PROGRAM FOR ENERGY MANAGEMENT, COOKING
TECHNOLOGY AND EDUCATION” .

Food and Agricultural Organization (FAQ) and the United Nations
Environment Programme (UNEP) have reported that, as of the end of
1990, an yearly loss of tropical rain forest exceeds 16.8 million
hectares. According to FAO, the leading factors of the problem
include slash-and-burn farming, pasturing, development for settlement
and farmland, and use of firewood.

As you all know, in developing nations people still depend on
biomass energy such as wood and charcoal which closely relates to
deforestation problem.

Mr. Kammen points out that this biomass burming contributes to
greenhouse gas emissions and is firmly linked to acute respiratory in
fection (ARI). ARI is the leading health hazard to children in
developing nations and results in an estimated 4.3 million deaths per
year.

In his proposal, Mr. Kammen introduces modernized woodstoves and
solar ovens for household cooking which can cut fossil-fuel use by
50% or more. With these technologies he presents a “win-win”
situation: reducing both the threats of global warming and indoor air
pollution.

In general, the renewable energy is considered not to be suitable
for a large-scale, energy-consuming use. It also has a difficulty in
its supplying stability. However, not impeded by these general
arguments, Mr.Kammen has conducted devoted research and field study
and successfully shown us a feasible solution to the global
environmental problems.

As the winner of the Nihon Keizai Shimbun Inc. Award, we’ve
chosen Mr. Hiroshi Shimizu who submitted a proposal titled “A
PROPOSAL FOR SUSTAINABLE DEVELOPMENT : THE ASIACAR” . Mr. Shimizu for
esees further environmental deterioration in Asian nations where
automobiles are enormously increasing in number along with greenhouse
gas emissions. To tackle these problems, Mr. Shimizu proposes an auto
-system utilizing solar energy.

Various car-related problems including energy, accident, traffic
congestion which all car-dependent communities suffer are also taken
into consideration. Mr. Shimizu points out the problem in introducing
the autmobiles which have originally been developed in the United
States where the population density is relatively low to the more
densely populated Asian nations. To solve this problem, his unique
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proposal suggests to utilize the most advanced technology as wall as
presents a feasible solution.

The winners of GISPRI Award are Mr. Toshie Nishizawa, Mr. Akio
Tsuchiya, and Ms. Maria Magdarena Vieira Pinto who received this
award with their joint effort on “CHARACTERISTICS AND UTILIZATION OF
TREE SPECIES IN THE SEMI-ARID WOODLAND OF NORTHEAST BRAZIL” . Today
Mr. Nishizawa is present here with us.

The three researchers studied on the tree species called caatinga
in Northeast Brazil, focusing on its response to water and estimating
its plant succession. Accroding to their study, while the caatinga
forests are repidly disappearing, these trees can regenerate within
only 15 years. They are indispensable resouces and are utilized for
feed for livestock, firewood and bread-baking. Therefore, the group
emphasized the appropriate and sensible management of this caatinga
forest.

Many proposals have been made in different occasions for
protection and preservation of tropical rain forests; however, this
proposal deserves highest evaluation as experience-based, feasible
proposition,

Now, I shall move on to the Life-style Proposal Section. In this
section, proposals were expected to approach environmental problems
on the everyday-life basis ; to suggest feasible action plans.

Applying these main criteria, we chose “THE FIRST STEP IN THE
FEASIBLE PLAN WHICH CAN BE IMPLEMENTED STEADILY AND WIDELY” as the
winner of the 21st Century Earth Award which is proposed by Mr. Eiju
Shinzawa, Ms. Yukiyo Nakajima, Mr. Heiju Maeda, Mr. Kunihiro
Takahashi and Mr. Shinji Suzuki. They’re all working in the same
company.

They prepared 2 sets of eco-friendly actions which were
individually feasible ; one for the office, and the other at home.
However, when they put each item into practice, there were much to
learn ; for example, some turned out to be not so easy as it had
seemed before. Their proposal tells us how they have achieved the
first step toward environmental problems through trial and error. I
hope that this kind of effort will be further extended to more
offices and families.

The recipient of the Nihon Keizai Shimbun Award is Ms. Midori
Kawabe who received this award with her proposal called “MEASURING
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THE ENVIRONMENTAL VALUE”

In her proposal, she discusses the problem in a choice between
environmental protection and development. To solve this problem, she
proposes to develop one single standard to evaluate these two factors.

As one way to assess people’s committment, she suggests to ask
them how much monetary cost they prepared to bear in order to protect
and improve environment.

The recipient of the GISPRI Award is Ms. Manami Imakita. The
title of her proposal is “RECYCLE WILL SAVE THE EARTH” .

This is a documentary on environmental education taking place in
a junior high school. Ms. Imakita, encourging her students’
involvement, launched a project called “Recycle Will Save the Earth”
and presented the results at their cultural festival. In her proposal
she tells us how they deepened their understanding to environmental
problems through their studies and researches.

The recipient of Commendation Award is Mr. Hideo Sasaki who made
this achievement with his proposal titled “HOW TO ENCOURGE ECO
-FRIENDLY COMMUNITY IN NEIGHBORHOOD” . This award is given only in
the Life-style section.
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As you may already know, United
Nations Conference on Environment
and Development held in Rio de Janeiro
this past June attracted about 20,000
representatives of various organiza-
tions from some 170 countries, drawing
on their collective wisdom for dynamic
discussions. These discussions
produced a wealth of results, including
the adoption of numerous statements,
among them Rio Declaration on Envi-
ronment and Development; Agenda 21;
Statement on Forest Principles;
Framework Convention on Climate
Change; and Convention on Biological
Diversity.

This conference may be viewed as the
first step on the road universal cooper-
ation aimed at protecting the global
environment. We all hope that it will
be followed by actions that put its
results into practice.

First and foremost, finding solutions to
the unprecedented global environmen-
tal problems facing us will require new
ideas and concepts for the formulation
of approaches to North-South dispar-
ities and environmental and develop-
mental issues. In this sense our most
pressing need at present is for a collec-
tion of detailed scientific knowledge
and proposals regarding global envi-
ronmental problems from a wide range
of parties throughout the world.

Last year, our Institute held its first
Global Environmental Proposal Com-
petition, entitled the “21st-Century
Earth Awards.” This competition,
which attracted entries not only from
Japan but also from other countries,
proved to be immensely succeseful. In
our conviction that this kind of pro-
gram is perfectly attuned to the needs
of the times, we have decided to hold a
second competition this year.

It is our fervent hope that constructive
proposals submitted by the partici-
pants for the solution of global envi-
ronmental problems as the most criti-
cal issue facing all humankind will
leave a valuable legacy for the 2lst
century.

Thank you very much.
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Global-scale environmental problems
are now the most critical issue facing
mankind. The convening of the United
Nations Conference on the Environ-
ment and Development (the Earth
Summit) in Rio de Janeiro last June
reflects awareness of this fact.
Throughout the more than 100 years
since its founding in 1876, our company
has gone about its business of repor-
tage with an unswerving commitment
to its founding principles: an insistence
upon objectivity, fairness, and peace-
ful, democratic advancement of the
economy as the underpinning for the
national life. The Nihon Keizai Shim-
bun, the world’s most widely read com-
prehensive economics journal, and our
company’s four other newspapers are
published under a tripolar system with
complete editing capabilities in Japan,
North America, and Europe. They
have won the respect and trust of their
readership, both inside and outside
Japan, as quality publications which
accurately convey news of trends in
Japan to the rest of the world.

It is our earnest hope that the Second
21st-Century Earth Awards——Global
Environmental Problem Proposal
Competition, besides helping to fulfill
our responsibility to society as a news
organization, will contribute to the
solution of the environmental problems
confromting our globe.
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As the 21st century approaches, humankind is faced
with environmental problems which urgently require

addressing on a global scale.

In June of this year, the United Nations Conference on
the Environment and Development (the Earth Sum-
mit), the largest summit conference in history, closed
with a commitment to reconcile environmental protec-
tion with development into the 21st century. With the
adoption of this “Rio Declaration” a world charter on
environmental protection, as well as the Agenda 21
action plan and various treaties, the need to protect

our earth has gained international recognition.

The 21st-Century Earth Awards - Global Environmen-
tal Problem Proposal Competition, of which this is the
second, aims to collect opinions and proposals from
researchers in Japan and abroad concerning the global

environmental problems which face us all.

In the first competition last year, 510 extremely
worthwhile articles were received, a number which

was far greater than expected.

We hope that the entries in the Research Proposal and
Lifestyle Proposal sections of this second competition
will also offer ideas on ways of creating a secure,

environmentally viable society for the 21st century.
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B General Study Section :

papers concerning the amelioration or solution of such

Proposals for research

global environmental problems as climate change,defor-
estation or biodiversity preservation.

B Lifestyle Proposal Section : Environment-related
proposals with immediate relevance to everyday life,
indicating concrete suggestions for of behavior policies

for the general consumer.

Entry qualifications

Individual(s). Entries for the Lifestyle Proposal Section
can be accepted only from residents of Japan.

Method of entry

Articles must be written in Japanese or English.

The following details should be provided on the applica-
tion form on pages 8 and 9 of this application outline or
on the cover of the submitted article : Section for which
article is submitted (General Study Section or Lifestyle
Proposal Section), Address, Name of author or group
representative, Age, Sex, Profession, Affiliation or
school. Entrants should keep copies of their work, as
submitted entries will not be returned.

B General Study Section : Papers should be 20 to 40
pages (400 characters per page) in Japanese or 15 to 30
typed (double-spaced A4) pages in English. They should
be accompanied by an abstract of up to 600 characters
(250 words) explaining the theme of the entry and the
purpose and broader implications of the proposal.

Only unpublished original papers will be accepted.
Entries based on the contents of materials recently
presented in such forms as academic journals, journals
of professional associations and academic symposia
will, however, also be accepted. (In such cases, the
source of the materials included should be specified.)
M Lifestyle Proposal Section : Works should be up to 15
pages (400 characters per page) in Japanese. Only unpub-
lished original papers will be accepted.

The specified length of articles in both sections includes
the accompanying materials and bibliography.
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The following criteria shall be applied in the judging of

entries for both sections:

1. Originality of the proposal.

2. Logical consistancy of the proposal.

3. Freedom from need for experimental confirmation
or verification.

4. Comprehensibility of proposal for general readers
and accessibility for intelligent evaluation by said
readers.

5. Feasibility of the proposal.

Application period

Deadlines : December 25 1992.

Screening committee members

Takashi Mukaibo Chairman, Global Industrial and
Social Progress Policy Forum/
Professor Emeritus, The University
of Tokyo

Hisashi Ishitani  Professor, The University of Tokyo

Yoichiro Ichioka Director Chief Editorial Writer,
Nihon Keizai Shimbun. Inc.

Yoichi Kaya Professor, The University of Tokyo

Jiro Kondo

Katsuo Seiki

President, Science Council of Japan
Executive Director, Global Indus-
trial and Social Progress Research
Institute(GISPRI)
Kei Takeuchi Professor, The University of Tokyo
Keiko Nakamura Professor, Waseda University
Katsuya Nagata Professor, Waseda University
Shinji Fukukawa Advisor to Global Industrial and
Social Progress Research Institute
(GISPRI) /
Former Vice Minister, Ministry of
International Trade and Industry
Evaluation committee(in random order with honorifics
omitted):
® Committee members from MITI and the Environment

Agency are also expected to participate.
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General Study
Section

Lifestyle Proposal
Section

21st-Century Earth
Award
(One per section)

Certificate of merit,
plaque and 5 million
yen in prize money
(before taxes)

Certificate of merit,
plaque and 1 million
yen in prize money
(before taxes)

Nihon Keizai Shim-
bun Award
(One per section)

Certificate of merit,
plaque and 2 million
yen in prize money
(before taxes)

Certificate of merit,
plaque and 300,000
yen in prize money
(before taxes)

GISPRI Award
(One per section)

Certificats of merit,
plaque and 2 million
yen in prize money
(before taxes)

Certificate of merit,
plaque and 300,000
yen in prize money
(before taxes)
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Copyrights for award-winning entries

The copyrights for winners of the 21st-Century Earth
Award, the Nihon Keizai Shimbun Award and the
GISPRI Award shall belong to the organizers. Publish-
ing and merchandising of award-winning articles shall
be discussed separately.

Announcement of winners and
presentation of awards

Announcement of the winners shall be made in March
1993 in the Nihon Keizai Shimbun. Winners shall be
notified when award recepients have been determined.
With the exception of the commendation awards,
abstracts of award-winning entries will be published in
the Nihon Keizai Shimbun, and the articles will be
published in full in the Nikkei Science magazine. A
caremony will be held for presentation of awards
(except commendation awards) to the winnning
entrants.
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[21st—Century Earth Award)

M General Study Section—— "COMPREHENSIVE AGRICUL-
TURAL DEVELOPMENT OF NORDESTE IN BRAZIL AND
MEASURES NECESSARY TO AVOID DESTRUCTION OF
THE AMAZON TROPICAL RAIN FOREST,/Dr. Akihiko
Yoshida (Professor of Sanno Junior College)

M Lifestyle Proposal Section "PROPOSED GUIDE TO
PRODUCT RECYCLABILLITY—A NEW DIRECTION IN
THE RECYCLING OF RESOURCES ;/Ms. Kazuko Nakano
(Laboratory Assistant of Kansai University)

[Nihon Keizai Shimbun Award]

B General Study Section—— "BIOMASS AND HYDROCARB
TECHNOLOGY FOR REMOVAL OF ATMOSPHERIC CO,,/
Dr. Meyer Steinberg (U.S.A - Department of Applied Science

Brookhaven National Laboratory)

M Lifestyle Proposal Section—— "ENVIRONMENTAL EDU-
CATION PUT INTO PRACTICE,/Ms. Keiko Yamada Ms.
Keiko Shimizu

[GISPRI Award)

B General Study Section—— "UTILIZATION OF OCEAN
WIND ENERGY ,/Mr. Shigemitsu Aoki (YAMAHA MOTOR
COLTD)

M Lifestyle Proposal Section "PROPOSAL FOR FAMILY
CONTERENCES ON THE ENVIRONMENT ,/Mr. Masashi
Sakamoto (Matsushita Electric Industrial Co.,Ltd.)
[Commendation awards]

B General Study Section FSERVICE COMPANIES
(SCOs)—A MARKET APPROACH FOR PROMOTING ENAR-
GY EFFECIENCY & ENVIRONMENTAL CONSERVA-
TION ;/Mr. Nagendra Subbakrishna (U.S.A)

"TPRESERVATION OF THE EARTH'S ENVIRONMENT
BY CURTALLING DESERT EXPANSION AND AFFORES-
TATION OF THE DESERT ,/Dr. Masao Toyama (Assistant
Professor of Tottori University Arid Land Research Center)
M Lifestyle Proposal Section FPROPOSALS TO RESOLVE
GLOBAL ENVIRONMENTAL PROBLEMS WHICH CAN BE
PRACTICED IN THE HOME AND LOCAL COMMUNITY ,/
Ms. Naoko Saito (Teacher of Municipal Mitaka Daiyon Junior
High School)

TPRESERVATION OF OUR BEAUTIFUL EARTH,/Mr.
Hiromi Abe (Teacher of Prefectural of Shizuoka Technical
High School)

"TPROTECTION OF FOREST RESOURCES BY TWO PRO-
POSALS CONCERNING PAPER,/Mr. Hideyuki Takashima
(Nippon Telegraph and Telphone Corporation)

FACTIVITIES TOWARD FUTURE GLOBAL ENVIRON-
MENTAL PROTECTION —FORMATION OF AN ECOLOGY
NETWORK ;/Mr. Tsuguo Nakano (Kansai Recruit Jinzai
Center Co.,Ltd.)
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ENTRY FORM

General Study Section/#2&HFFE8P9

WTitle/B&

BResearch theme/HXT —~7

Choose three or fewer key words from the list below that most accurately describe the contents of your paper./ LA F D%
BEICZOHARABXDABERT DICREBHLLANILDF—D—R (3 DRUA) TERALUTTFEL),

[Key words]

Afforestation, tropical forest use, biomass utilization, control of energy demand, solar energy systems, improvment of
efficiency, effects of a carbon tax, analytical study, etc.

[F—0—K]

Mk, BERMAFIA, A AYIFB., IXILVF—F2MH. KBIXILF—FAYZATA. SWEL. KEROTE. IHTF

MResearch format /B3 FHE
OJoint research/FEHHFE OlIndividual research/fE A%
B Contents of research by category/ A& NDFES|
Check all categories which adequately describe the nature and contents of your research.
OExplication or analysis of phenomena [OTechnology for system compornents
OComprehensive measures, technology, systems, policy, response [OExperimental report
[OCollection and analysis of data [OModeling of phenomena [OSystem proposal and/or evaluation
[OReport on practical system results [OOther (Please give appropriate explanation.)
BUTIHDLTICXENEDIITTAL,
ORFDEERH D L\ #AT O@BIY AT A, BRVATA ORErNR, i, YT A, BER. WIGEBER
OXBHE OF—YREEHMT DORROEFTIME DOVRTAOREHDVWEFHE OYRATLAOHRERS
Ozoftt (EREA)

Total Pages/#3#1 %

Name/K# Sex/M5

[OMale B [OFemale %t
Date of birth/4£%F B H Nationality/E
Residence/I{{EXrr
Phone No. Facsimile No.

Affiliation/Eh#5 4%

BMHow did you hear about 21st CENTURY EARTH AWARD ?/211tt{¢ IR E A THIY 3 L /=H TERRATE L,

| agree to all conditions set, and apply for THE SECOND 21st-CENTURY EARTH AWARDS — Global Environmental Problem Proposal
Competition.

FAlE, B2 @2 HACHIRE—HEIBEHRN I RT3 OB HELTOESFICAEL. BELET,
W Signature/H% 4 »
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Lifestyle Proposal Section/4 ;&R FE2EPY

WTitle/E#

M Category/ % %

M Total Pages/##¥

WName/K# W Sex/t3

[OMale B [OFemale “t%

BMDate of birth/4F A H

BMResidence/I]{EfR

HWPhone No. B Facsimile No.

W Affiliation/ %%

B How did you hear about 21st-CENTURY EARTH AWARD?/21{t§C#h IR E A THIY F L=Ah. ZTEBATEL,

| agree to all conditions set, and apply for THE SECOND 2Ist-CENTURY EARTH AWARDS — Global Environmental Problem
Proposal Competition.

Fald, 352 A2 I HHCHIRE —HIRRBRX A RT 1 2 a > OREREL TORGICAEL, BHELET,

M Signature/# 4 >
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Applications/Inquiries

el HCH IR E R T

T 104 RREPHRXFEHMEI-1-4-1004

TEL 08-3545-6897. FAX 03-3545-3769
(FBEERATRR)

BEB~xER.10: 00~18: 00 (XBRA%ZKL)

To the Secretariat. 21st-Century Earth Award :
3—1—4—1004, Tsukiji, Chuo-ku, Tokyo 104, Japan
Phone 03—3545—6897/FAX 03—3545—9769
Telephone calls accepted Monday through Friday,
between 10 : 00 and 18 : 00 (in local time) except
holidays and Sundays.
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Sponsor@®

Toho Mutual Life Insurance Co.
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General Study Section

21st-Century Earth Award
REDUCING GREENHOUSE GAS EMISSIONS AND IMPROVING ENVIRONMENTAL HEALTH IN DEVELOPING NATIONS:
A PROGRAM FOR ENERGY MANAGEMENT, COOKING TECHNOLOGY AND EDUCATION
Daniel M.Kammen, Ph. D.
Center for Global Environmental Change Jefferson Physical Laboratory Harvard University
Age:30 Male USA.
5p

Nihon Keizai Shimbun Award
A Proposal for Sustainable Development : The Asiacar
Hiroshi Shimizu
Team Head, The National Institute for Environmental Studies
Age:45 Male Japan
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Age:64 Male Japan
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Age:31 Male Japan
Maria Magdalena Vieira Pinto
Director <retired> of Instituto Brasileiro de Geografia e Estatistica
Age:63 Female Brazil
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As the 21st century approaches, humankind is
faced with environmental problems for which a
global effort is required and a serious action must
be taken.

The United Nations Conference on the Environment
and Development (the Earth Summit), the largest
summit conference in history was held last June
and closed with a commitment to reconcile
environmental protection with development into
the 21st century. With the adoption of this “Rio
Declaration” a world charter on environmental
protection as well as the Agenda 21 action plan
and various other treaties, the need to protect our
earth has gained international recognition.

The 21st Century Earth Awards-Global Environ-
mental Problem Proposal Competition, of which
this is the second, aims to collect opinions and
proposals from researchers in Japan and abroad
concerning the global environmental issues which
face us all. This competition was organized by
Nihon Keizai Shimbun Inc. and Global Industrial
and Social Progress Research Institute, and spon-
sored by Toho Mutual Life Insurance Co.. It also
received much assistance from a variety of organi-
zations such as the United Nations University,
Japan Junior Chamber Inc.. International Institute
for Applied Systems. Analysis, Resources for the
Future, TATA Energy Research Institute, the
Royal institute of International Affairs and World
Resources Institute while firmly endorsed and
supported by Ministry of International Trade and
Industry, Environment Agency, Ministry of Foreign
Affairs, and Ministry of Education.

In this second competition 381 highly qualified
proposals were received, showing that it made far
greater achievement than expected. As the number
includes 49 items from overseas, it should be also
noted that the project won international recogni-
tion. We're delighted to introduce the winning
proposals here in this publication. They have
passed fare and through screening with reliable
judgement. We hope that these precious work
will offer ideas to solve the global environmental
problems as well as contribute to create a secure,
environmentally responsible society for the 21st
century.
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RULES OF THE COMPETITION

Overall theme

Screening committee members

Proposal-Toward a Lasting Earth

Entry contents

M General Study Section : Proposals for research papers con-
cerning the amelioration or solution of such global environ-
mental problems as climate change, deforestation or biodi-
versity preservation,

Entry qualifications

Individual (s).
Method of entry

Articles must be written in Japanese or English.

The following details should be provided on the attached
application form: Title of the proposal, Address, Name of
author or group representative, Age, Sex, Profession,
Affiliation or school. Entrants should keep copies of their
work, as submitted entries will not be returned.

BMGeneral Study Section : Papers should be 20 to 40 pages
(400 characters per page) in Japanese or 15 to 30 typed (dou-
ble-spaced A4) pages in English. They should be accompanied
by an abstract of up to 600 characters (250 words)explaining
the theme of the entry and the purpose and broader impli-
cations of the proposal.

Only unpublished original papers will be accepted.

Entries based on the contents of materials recently presen-
ted in such forms as academic journals, journals of profes-
sional associations and academic symposia will, however,
also be accepted. (In such cases, the source of the materials
included should be specified)

Criteria for awards

1. Originality of the proposal.

2. Logical consistancy of the proposal.

3. Freedom from need for experimental confirmation or
verification.

4. Comprehensibility of proposal for general readers and
accessibility for intelligent evaluation by said readers.

5. Feasibility of the proposal.

Application period
September 18 thru December 25.

Takashi Mukaibo Chairman, Global Industrial and Social
Progress Policy Forum/Professor Emeri-
tus, The University of Tokyo
Professor, The University of Tokyo
Director Chief Editorial Writer, Nihon
Keizai Shimbun. Inc.
Director/General, Global Environment
Department, Environment Agency
Professor, The University of Tokyo
President, Science Council of Japan
Executive Director, Grobal Industrial and
Social Progress Research Institute (GISPRI)
Professor, The University of Tokyo
Director/General, Industrial Location and
Environmental Protection Bureau, Minis-
try of International Trade and Industry
Keiko Nakamura Professor, Waseda University
Katsuya Nagata Professor, Waseda University
Shinji Fukukawa Advisor to Global Industrial and Social
Progress Research Institute (GISPRI)/
Former Vice Minister, Ministry of Inter-
national Trade and Industry
Evaluation committee (in random order with honorifics omitted):

Hisashi Ishitani
Yoichiro Ichioka

Saburo Kato
Yoichi Kaya
Jiro Kondo

Katsuo Seiki

Kei Takeuchi
Tomio Tsutsumi

Awards

B General Study Section

21st-Century Earth Award Certificate of merit, Plaque and
(One per section) 5 million yen in prize money

(before taxes)

Nihon Keizai Shimbun Award Certificate of merit, Plaque and
(One per section) 2 million yen in prize money

(before taxes)

Certificate of merit, Plaque and

2 million yen in prize money

(before taxes)

GISPRI Award
(One per section)

Copyrights for award-winning entries

The copyrights for winners of the 21st-Century Earth Award,
the Nihon Keizai Shimbun Award and the GISPRI Award
shall belong to the organizers. Publishing and merchandising
of award-winning articles shall be discussed separately.
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THE WINNERS OF THE SECOND 21st-CENTURY EARTH AWARDS
General Study Section

21st-Century Earth Award

@ “Reducing Greenhouse Gas Emission and Improving Environmental Health in
Developing Nations : A Program for Energy Management, Cooking Technolo-
gy and Education”
by Daniel M. Kammen, Ph. D.

Center for Grobal Environmental Change Jefferson Physical Laboratory
Harvard University

®COMMENT
The proposal convinces us of possible utilization of renewable energy in
developing nations, In general the renewable energy does not produce enough
energy for a large-scale use. It also has a problem in its stability. However,
this proposal clears those impediments and successfully presents the solution
not only to energy problem but also to health hazard in developing nations.

Nihon Keizai Shimbun Award

®“A Proposal for Sustainable Development: The Asiacar”
by Hiroshi Shimizu
Team Head, The National Institute for Environmental Studies

®COMMENT
To tackle inevitalbe environmental deterioration in Asian nations where the
number of automobiles is largely increasing, this proposal suggests a unique
auto-system which would reduce greenhouse gas emission from automobiles.
Applying this system, this proposal says, at least in theory about 10,000km per
annum should be covered only by solar energy in countries such as Thailand
taking advantage of their long daylight hours and high altitude of the sun.

GISPRI Award

®“Characteristics and Utilization of Tree Species in the Semi-arid Woodland of
Northeast Brazil”
by Toshie Nishizawa Professor, Tokyo Seitoku University /Akio Tsuchiya
Visiting Scholar at the Laboratory of Tree-Ring Research, University of
Arizona/Maria Magdalena Vieira Pinto Director of Instituto Brasileiro de
Geografia e Estatistica

®COMMENT
This proposal introduces the sixteen caatinga tree species classfying them into
three groups according to response and tolerance to the water stress. It also
estimates more dominant species among them in the plant succession Processes,
and eventually suggests that it should be effectively utilized.
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REDUCING GREENHOUSE GAS EMISSIONS AND
IMPROVING ENVIRONMENTAL HEALTH IN DEVELOPING NATIONS:
A PROGRAM FOR ENERGY MANAGEMENT, COOKING TECHNOLOGY AND EDUCATION

Daniel M. Kammen, Ph.D.

Center for Global Environmental Change

Jefferson Physical Laboratory
Harvard University

Age 30, Male, U.S.A.

ABSTRACT

nergy is a basic resource necessary
for development and economic
growth, yet its use can degrade regional
ecosystems, the global environment, and
human health. Over two billion people
worldwide depend on the “traditional”
fuels of wood, charcoal, dung and crop
residues to meet their daily needs. Half
the worldwide wood harvest of three bil-
lion tons of wood is used as fuel with
domestic cooking accounting for over 60%
of total. Furthermore, biomass burning in
developing nations contributes up to 40%
of greenhouse gas emissions worldwide,
and is firmly linked to acute respiratory
infection (ARI). ARI, the leading health
hazard to children in developing nations,
results in an estimated 4.3 million deaths
per year. Modernized woodstoves and so-
lar ovens for household cooking can cut
traditional or fossil-fuel use by 50% or
more. These technologies represent a
“win-win” situation: reducing both the
threats of global warming and indoor air
pollution. In pilot projects we and others
are testing technological options and so-
cial strategies to integrate these systems
into the resource base of developing na-

tions. We propose that the dissemination
of improved biomass stoves, solar ovens,
and other small-scale renewables be in-
cluded as a basic component of assistance
programs in developing nations. Existing
non-governmental, national, and interna-
tional aid organizations are ideally suited
to promote this campaign, and only re-
quire increased exposure to these ideas
and pilot programs.

Introduction: The Energy and
Environmental Crisis

wo billion people worldwide depend
Tprimarily on wood for their energy
needs, while biomass burning leads to
deforestation and contributes up to 40% of
global emissions of carbon dioxide and
In addition,
biomass combustion presents a serious

other greenhouse gases.
health hazard in developing nations.

Over the past 40 years the world’s agri-
cultural, health, and energy problems
have been addressed primarily from a
technological standpoint. The disappoint-
ment of the “Green Revolution” and the

construction of huge hydroelectric dams

5

in remote, and often environmentally
sensitive, regions in developed and de-
veloping nations are striking examples of
this ideology. In the face of population
pressure and a global demand for energy
expected to more than double in 20 years,
preservation of regional ecosystems and
the global environment necessitates a

change of strategy.

Alternative and renewable energy sys-
tems hold significant potential to con-
tribute to environmental preservation on
both local and global scales. Traditional
cookstoves are estimated to be the pri-
mary means of food preparation for one
billion people worldwide, with roughly
half the world population relying on such
stoves with some regularity. Indoor air
pollution from domestic combustion is
linked to respiratory and pulmonary dis-
orders including lung cancer, complica-
tions associated with pregnancy, and
often serious burns (Smith, 1987, 1993).
CO, emissions from enclosed burning sys-
tems in developing countries are esti-
mated to be in excess of 1 GT (10'° grams)
of carbon per year (see Table 1) (Meyers
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and Leach, 1989). Furthermore, recent
quantitative studies in the Philippines
and Kenya suggest that trace gas emis-
sions from stoves may be even higher
than previously estimated (Smith et al.,
1992; Kammen and Fayemi Kammen,
1992).

The recent concern with greenhouse
warming opens an interesting, and often
understated, aspect of solar oven projects:
the potentially significant role of renew-
able energy technology to reduce local
CO, and CH, emissions. Energy policy
analysis (Hall et al., 1991) and multi-
national assistance organizations (Lovins
and Lovins, 1991) have focused significant
attention on proposals to reduce the gen-
eration greenhouse gases, devising elabo-
rate schemes to “tax” carbon emissions.
While per capita carbon emission is small
developing nations, in total it contributes
more than one quarter of the total global
source and is the fastest growing emis-
sions category. A common theme among
policy analysts and environmentalists is
that greenhouse warming is a global
issue, and thus reduced carbon emissions
-- regardless of the geographic source --
should be encouraged. The construction of
modern and more efficient energy facili-
ties in developing nations are frequently
less than in developed nations because of
low labor and materials costs. Based on
economics alone it may be advantageous
for developed nations to offset some of
their emissions in other countries through
technology transfer of small-scale energy
systems.

A Tale of Two Technologies:
Improved Stoves and Solar
Ovens

number of efforts to introduce im-
Aproved stoves, such as the Kenya
Ceramic Jiko, shown in Figure 1, that
burn less wood and thus produce less
pollution, have been undertaken over the
last decade (Krugmann, 1987). In East
Africa over 30 million people have been
acquainted with these stoves, and over
700,000 such stoves are in general use
(Table 2). Kirk Smith and colleagues have
chronicled a massive and largely unrecog-
nized effort in China that successfully
introduced over 100 million improved
cookstoves (Shuhua et al., 1991). A his-
tory of improved cookstoves can be found
in Krugmann, (1987) while here we out-

line the history of the lesser known case,

solar ovens.

While solar ovens (Figure 2) date from the
1950’s (Curtis, 1991; Bremm-Gerhards,
1991; Kammen, 1991, 1992a), only in the
last few years has significant progress in
publicizing and disseminating this pro-
totypical “renewable energy technology”
been evidenced. The historical lack of
widespread dissemination is surprising
given that solar ovens are technically
simple to construct (Kammen and Lank-
ford, 1990a, b, 1991) and that, in Africa
for example, wood for domestic cooking
accounts for well over 60% of the total
energy use (Figure 3). Traditional fuels, in
the form of wood, charcoal, and crop
residues account for over 70% of total
energy consumption in Benin, Burkina
Faso, Ghana, Guinea, Kenya, Malawi,
Niger, Rwanda, Sierra Leone, Somalia,
Tanzania, Uganda, and Zaire and account
for less than 50% of the total in only six
sub-Saharan nations (Armitage and
Schramm, 1989).

Recent efforts to introduce solar ovens in
Asia, Africa, and Latin America have all
been sufficiently positive to convince a
broad
organizations, local district and village

spectrum of non-governmental

councils, that solar ovens are a cost
effective means to combat the chronic fuel
shortage and associated environmental
damage that traditional cooking methods
entail (Kammen, 1991; Kammen, 1992a,
b). In Kenya, for example, the materials
for a durable wooden solar oven (Figure 2)
cost less than US$ 30; a serious sum
where annual per capita income hovers
around US$ 400, but not when weighted
against the 30 — 40% of family income
that is frequently spent on fuel.

On the other hand, the reasons for failure
of many previous solar oven projects are
not difficult to identify and must be
addressed. Throughout the 1960’s, 1970’s
and the early 1980’s the focus of interna-
tional assistance projects was on massive,
centralized, energy initiatives, exempli-
fied by large (over 1000 MW) hydro
projects and the development of fossil-fuel
burning plants even in nations without
significant coal or oil resources (Hardin,
1968). Efforts to introduce solar ovens,
wind generation equipment, micro-hydro
systems, biogas digesters, and even photo-
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voltaic equipment were regarded as
“homespun”; the antithesis of meaningful
national development (Kammen, 1991).
Solar oven programs involved an even
greater hurdle to much of the internation-
al aid community: direct interaction with
the end-users of the technology, invari-
ably women (NPL, 1957)

One issue frequently cited as an impedi-
ment to the widespread use of solar ovens
is the change in cooking style required,
and the possible disruption of important
cultural practices (NPL, 1957). In field
tests in both Central America (Kammen
and Lankford, 1990b) and East Africa
(Kammen, 1992a, b), however, we found
that while education and follow-up to
illustrate solar cooking methods are re-
quired, no cultural obstacle impeded the
steady increase in oven use. In a number
of communities in Africa, solar ovens are
now widely used and replace over half of
domestic wood use (Kammen, 1992a, b).

The failure of initiatives such as the
“Green Revolution” that exemplify a
“technical fix” approach to development
(Hardin, 1968; England and Kammen,
1991) necessitated alternative projects
that foster education and local control of
resources. Recent solar over initiatives,
and programs such as the Grameen Bank,
where lending on the scale of US$ 20 —
400 directly to women wishing to begin
small-scale business is encouraged, are
examples of successful projects that follow
this new ideology (Kammen, 1991). Cen-
tral to this “small is beautiful” approach is
an emphasis on resource diversification
that large monolithic projects fail to cap-
ture. Even the most fervent proponents of
intermediate technology programs do not
claim that a particular windmill, hyrdo-
system, or biogas plant is a panacea for all
energy needs. A survey of the more than
100 solar oven projects worldwide reveals
that on average solar ovens replace the
use of roughly 50% of traditional cooking
fuels, and are most effective when used
synergistically with improved wood
stoves, systems that generate natural gas
from animal dung, and other renewable
energy technologies (Bremm-Gerhards,
1991). To illustrate the point, the dra-
matic rise in solar oven projects in Kenya
is chronicled in Table 3.
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Health Issues: The Food-Fuel
Link

hile the health impact of biomass
Wsmoke has been studied worldwide,
particularly in China (Shuhua et al,
1991) and India, we shall consider the
case of Africa as a case study. Over two
billion people worldwide depend primarily
on biomass, or the “traditional” fuels of
wood, charcoal, dung and crop residues, to
prepare food. Domestic cooking accounts
for over 60% of total energy use in
sub-Saharan Africa. By contrast, highly
industrialized countries expend less than
5% of total energy consumed on food
preparation (see Figure 3 for a compari-
son). Thus, reliance on traditional fuel
and energy resources consumes signifi-
cant amounts of time and scarce capital,
contributes to deforestation and the emis-
sion of greenhouse gases.

The process of food preparation is argu-
ably one of the most pressing health and
development issue facing poorer nations.
Biomass cooking on traditional stoves --
“three stone fires”, simple metal stoves
and in some cases “improved” or mod-
ernized stoves -- is a major source of
smoke and concentrated local and indoor
air pollution. The smoke from biomass
fires contains high levels of respirable
particulate matter, carbon monoxide, ni-
trogen oxides, benzene, formaldehyde,
benzo(a)pyrene and aromatics (Smith,
1993). In African countries, as in most
developing nations, cooking smoke is
often produced in confined indoor settings
where women and children in particular,
are exposed to dangerously high concen-
trations of a variety of noxious agents.
Thus, the pollution levels in homes and
cooking huts can exceed those measured
in industrial cities, and represent the
equivalent of smoking several packs of
cigarettes per day (Smith, 1987).

The Cooking Environment and
Smoke Exposure

he living conditions that expose peo-
Tple to high levels of indoor air pol-
lution have been well documented in
Africa. The majority of sub-Saharan Afri-
cans live in rural areas; Kenya, for exam-
ple, is only about 20% urban. Family
homes generally consist of small multi-
purpose buildings, where the same room
or few rooms are used for cooking, sleep-
ing and working. In many cases the total

indoor volume is less than 30 m”; while in
an extreme case of Masaai homes in
Kenya we determined indoor air volumes
to be consistently under 15 m”. A feature
common to rural homes worldwide is
minimal ventilation for the large output of
smoke from cooking fires. Furthermore,
we and others (Bradley, 1991) observe
that when cooking, people may close the
door, or, when they exist plug the win-
dows with cloth.

The small size of many cooking enclosures
in developing nations concentrates smoke.
This problem is exacerbated by poor ven-
tilation. In a series of studies Kirk Smith
(1987) has measured the exchange rate,
T, or the number of times per hour (h™")
that air in a room or house is exchanged
with that outside. While T may exceed 50
h~! for village huts with doors and ventila-
tion holes kept open, such as during the
dry season, values of T < 10 h™' may
predominate during the rainy season, cold
spells or at higher elevations. High pollu-
tion levels are by no means confined to
rural areas. The close quarters of urban
slums, the minimal spaces sometimes allo-
cated for domestic servants, and the
heavy use of charcoal pose significant
health risks in cities. Overcrowding can
even increase outdoor pollution concen-
trations over entire neighborhoods to
levels approaching those of indoor cooking

areas.

Pollution emitted from traditional cooking
systems can easily build to unhealthy
levels and remain that way over the
course of a day. Compounding the prob-
lem is the type of cooking practiced in
much of Africa. In many countries the
staple foods are grains which require long
cooking times, leading to extended periods
of fuel combustion and increased indoor
pollution levels. In Kenya, for example,
the preparation of the staple maize and
bean dishes (ugali, a hardened corn meal,
and irio, a mixture of several beans) both
reguire several hours of softening and
simmering that can consume wood at the
relatively high rates of 1.5 — 3.0 kg/hr
(Smith, 1987; Bradley, 1991; Kammen,
1992b, c).

The Health Effects of Biomass
Burning
levated levels of indoor air pollution
have serious health implications.

.

Acute respiratory infection (ARI), in par-
ticular pneumonia, afflicts all demo-
graphic groups but is the leading health
hazard to children in developing nations,
resulting in an estimated 4.3 million
deaths per year (Kammen and Fayemi
Kammen, 1992; Smith, 1993). Among all
endemic diseases, including diarrhea, ARI
is the most pervasive cause of chronic
illness in poorer nations. The segment of
the African population most continuously
exposed to indoor air pollution, however,
are women -- who generally perform over
90% of domestic chores including cooking
-- and their children (Kammen and Lank-
ford, 1990b). This crisis has severe health
and sanitation implications in developing
nations and is the focus of the 1992 World
Bank Development Report and call for
action (World Bank, 1992).

A variety of studies in Africa have now
been completed that demonstrate a con-
sistent positive correlation between expo-
sure to smoke from indoor biomass burn-
ing and ARI (Table 4). In a summary of
the African studies Smith (1993) demon-
strates that long-term exposure to smoke
from biomass combustion elevates the
risk of a child developing ARI of between
100 and 400%. Studies from China have
also definitively linked indoor combustion
of charcoal to ARI and lung cancer in
children (Smith and Liu, 1992). Less well
documented studies have also linked
woodsmoke to an increased incidence of
eye infections, low birth weight and can-
cer (US OTA, 1991; World Bank, 1992).
Health clinics and mobile physician pro-
grams in developing nations routinely
treat children and adults for serious burns
resulting from direct contact with cooking
fires (Kammen and Lankford, 1990b).

The Impact of Appropriate
Technology

ith the health, deforestation, and
ngobal warming risks associated
with biomass cooking becoming in-
creasingly clear, steps to improve the
situation logically focus on combustion
technology and education. There is a well
recognized “energy ladder” of roughly
increasing stove efficiency, cost, and de-
sirability among the population. The lad-
der, shown in Figure 4, ranges from dung
or crop residues combusted in three-stone
fires, to wood or charcoal use in metal or
improved stoves, to kerosene wick or
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pressure systems, and finally to propane,
liquid petroleum and electric appliances
(US OTA, 1991). In comparable cooking
applications wood stoves typically release
50 times more pollutants than a gas stove
(Smith, 1993). While a significant body of
“appropriate technology” literature exists
on some of these stoves, quantitative
analysis of the associated pollution emis-
sions under actual field conditions is a
rather new area of research (Smith, et al.,
1992; Kammen and Fayemi Kammen,
1992).

In a series of measurements, we are
beginning to quantify the indoor concen-
tration of pollutants from cookstoves in
rural Kenya. Initial measurements of
carbon monoxide, CO, are very sugges-
tive. The concentrations of CO, [CO],
observed from both wood and charcoal
burning in traditional and “improved”
stoves are significantly above the WHO
1-hour recommended limit of 45.8 parts
per million, ppm, (or 40 mg/m”). As can be
seen in Figure 5, the [CO| near three
stone wood (5(A)) and dung (5(C)) fires as
well as charcoal fires (5(D — E)) can all
exceed 2000 ppm.

Only the Kerosene stove (Figure 5(B)),
the most advanced, expensive, and least
common cooking technology that we en-
countered with any frequency, resulted in
significantly reduced CO emissions. In-
teresting are the pollution levels found in
so-called “improved stoves” (Figure 5).
Because carbon monoxide is odorless and
colorless, the high [CO] may lead to
poisoning without the warning of
coughing and tearing that is associated
with hydrocarbons and particulates in
woodsmoke (Figure 5). The health prob-
lems of pollution from improved stoves
can be minimized if directly addressed in
the educational component of stove dis-
semination programs (Kammen, 1992b).

Proposal: Dissemination of
Appropriate Technology Cook-
ing Systems

e propose that improved stoves,
Wsolar ovens, and related education-
al programs be integrated in: the basic
workings of disaster relief and re-
construction programs worldwide (Eng-
land and Kammen, 1991); energy; agri-
cultural; health; and economic develop-
ment assistance programs. To illustrate

the practical workings of this proposal we
detail the case of Kenya, where the author
directs a solar oven pilot project. We begin
with a history of energy related develop-
ment projects in Kenya, present the solar
oven story, and then conclude with a
general outline of the proposal, including
both improved stoves, solar ovens, and
community education components.
Pilot Project Background:
Energy in Kenya

enya, a relatively prosperous “de-
Kveloping nation”, illustrates the par-
adox of international technical assis-
tance: despite high levels of donor aid
there has been little progress away from a
subsistence economy for much of the
populace. Gross national product per per-
son decreased from US$ 410 to 370 during
the 1980’s. Figure 6 illustrates the near
stagnation in the energy sector, where
wood and other traditional fuels continue
to occupy the same share of the total
energy mix as they did ten years ago.
Total energy consumption rose only from
13 to 19 Gd/year. Furthermore, interna-
tional assistance has averaged about 10%
of the Kenyan GNP for the period 1979 to
1989, with energy projects given a high
priority. It is thus apparent that the
traditional assistance and development
approach should be revised.

Kenya currently devotes over 40% of GNP
to the purchase of imported fossil fuels. In
the face of this situation Kenya, like most
developing nations, is in need of projects
that encourage energy diversity and re-
liance on renewable, and locally con-
trolled, sources of energy. This situation is
dramatically illustrated by current power
shortages, that has forced the govern-
ment to limit residential energy to 8 — 12
hours per day.

While fossil fuels contribute only 24% of
the Kenyan national energy supply and
charcoal comprises roughly 9% of the
total, the impact of these fuels in signifi-
cant. The situation in semi-arid Kitui
District illustrates the role of charcoal in
the local economy. Wood harvesting, char-
coal production and sale constitutes one of
the largest source of capital for the rural
inhabitants (Figure 7). In fact charcoal
production is the dominant cause of local
deforestation, as large trees are felled
primarily to supply wood for the most
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expensive (old growth/hardwood) variety
of charcoal. Few rural inhabitants can
afford to use charcoal themselves: in a
survey of 35 families in the town of Zombe
(total: 900 families), only three used char-
coal on a regular basis (Kammen, 1992¢).
Of the three families, one family of 9
supplied all their cooking needs with the
purchase of one 50 kg bag every four days,
while the
plemented their supply of fuelwood with

other two families sup-
one bag of charcoal per week. Over half of
the families derived more than 30% of
total cash income from the sale of char-
coal. The reliance on charcoal as an fuel
contributes to deforestation, habitat re-
duction and hence loss of biodiversity, and

a stagnant economy.

The Kenya Solar Oven Project:
1990 — 1992, and Beyond
uilding on successful programs in
Central America (Kammen and
Lankford, 1990a, b, 1991), we have begun
a “North-South” project
where Earthwatch Volunteers from the

cooperative

U. S., Japan and Europe (Figure 8), and
students from the University of Nairobi
are teaching women’s groups how to con-
struct and manage solar ovens. Working
in rural communities in Eastern and
Southern Kenya, the goal is to fully
“transfer” the technology so that local
groups and craft persons can modify and
exploit various renewable energy sys-
tems; integrating them into the local
resource base.

The process of “technology transfer” and
“North-South” cooperation are frequently
echoed buzzwords in the international
development and environment commu-
nity. In this project, these concepts are put
directly to work. EarthCorps volunteers
spend a first week at the University of
Nairobi learning (by doing) how to con-
struct solar ovens (and, beginning in 1993
windmills as well: see page 9) and then
travel to field sites where they share their
experience in workshops that result in
ready-to-use solar ovens. Additional tasks
involve measurement of fuel use and
carbon monoxide/dioxide and methane
emissions from traditional cooking fires.
This process could easily be formalized
and presented to international assistance
organizations such as U. S., Japanese, and
European aid organizations, UNDP,
WHO and the FAO. Even relatively mod-
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est -- but long term -- improved stove and
solar oven programs by these groups
would generate widespread technology
conversion due to the tendency of interna-
tional assistance funds to “seed” similar
program spending and attention by other
groups.

Working in two pilot communities, Earth-
watch Volunteers contributed to the con-
struction of over 30 solar ovens during the
first season, and waiting lists now exist
for participation in further sessions that
will be organized and directed by local
Kenyan “Renewable Energy Commit-
tees.” The solar ovens have demon-
strated the practical benefits of renewable
energy, and boosted interest in windmills
and further renewable energy projects
(Figure 8).

Teaching the basic physical principles of
solar oven performance is vital to the
process of “technology transfer”. In each
community, we cook a variety of foods
before and during the construction work-
shop, and demonstrate the capability of
the solar ovens. Figure 9 shows tempera-
ture vs, time plot of a solar oven during
the boiling of two liters of water for soup.
Notice that in only 50 minutes the oven
has passed the boiling point of water.

The process of fully integrating a new
technology, particularly in a realm of
lifestyle as fundamental as cooking, can
take several years. However, only six
months after the first visit to Zombe,
Kenya (one of the solar oven pilot com-
munities) Mrs. Mwota, the Secretary of
the Renewable Energy Committee wrote:

Dear Daniel Kammen: As we have
arranged, a one day solar cooking seminar
was [held] on September 26, 1992. It was
a sunny day. We used two solar jikos
lovens| to cook tea, cake, rice mixed with
meat, potatoes and tomatoes. Tea took 1
hour 45 minutes, cake took 4 hours and 11
minutes, rice took 3 hours and 41 min-
utes. All the food was well cooked: it was
very successful and all the members en-
joyed the food. The group suggested that if
the jikos could have [even]| more heat
some hard foods like chapati [Indian flat
bread| will be easily cooked. People with
the solar ovens said that they have cooked
many foods and they are enjoying cooking
with them.

In these community projects solar ovens
do not necessarily replace biomass stoves
or improved jikos (although they have in
some areas). Solar ovens provide an addi-
tional energy resource that is typically
used more and more as people become
increasingly comfortable with the technol-
ogy. This pattern is fully consistent with
human nature everywhere and the pre-
vailing cultural tendency in developing
nations, to maintain a diversity of energy
technologies. It is rare that even the most
wealthy families in Nairobi, for example,
will discard technologies as they move up
the energy ladder (Figure 4). A single
family may regularly use six or more
different fuels and types of stoves. While
slowing the transition away from the most
polluting fuels, this behavior helps to ease
the introduction of new technologies and
keeps people from rejecting them if, for
example, a long rainy season were to keep
a solar oven from use for several months.

Impact on Biomass Burning:
Reducing Greenhouse Gases
Economically

n Kenya, the materials for a solar oven
Icost about US$ 30 while in parts of
Latin America the price may be US$ 100
(Kammen and Lankford, 1990b). As
shown in Figure 3, the average Kenya
burns almost a ton of wood per year.
Given that solar ovens have been demon-
strated to reduce the demand for fuelwood
by over 50% (Bremm-Gerhards, 1991;
Kammen, 1991) solar ovens replace
biomass combustion and hence sequester
CO, and other greenhouse gases at the
equivalent of $20 — 30 ton™' of carbon.
Similarly, improved stoves in Kenya save
20 — 50% on the firewood needed by most
families (Krugmann, 1987), cost $3 — 8
depending on the size, and thus over a ten
year lifetime cost $10 — 20 for each ton of
carbon dioxide not emitted to the atmo-
sphere from cooking fires. These prices
compare favorably with the costs associ-
ated with a variety of systems including
reforestation schemes (to sequester CO,
in new tree growth), implementing new
“clean” coal technologies, and state of the
art photovoltaic systems (Hall, et al.,
1992; Rosillo-Calle and Hall, 1992). A
series of example programs are listed in
Table 5. With energy demand in develop-
ing countries expected to double in under
20 years, international support for small-
scale renewable energy systems repre-
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sents a logical avenue to promote energy
self-sufficiency and to economically com-
bat global climate change.

Commercial Energy Needs:
the Example of Windmills

olar ovens and improved stoves serve
Sa second vital role in addition to
reducing biomass burning. As simple
technologies that are used in the everyday
activity of cooking, they introduce people
to the unfamiliar area of alternative and
renewable energy. This vital step was
often missing from previous international
aid projects: “paving the way” and provid-
ing people with concrete assurance that
these novel systems do indeed work and
are worth considering. This is a common
problem for all new technologies, from CD
players and cellular telephones to cook-
stoves and windmills.

Overwhelmingly, residents of developing
nations feel a need for additional income
(England and Kammen, 1991) that gener-
ally necessitate more complex technology
than solar ovens or improved stoves. In
Kenya, we are using solar ovens ease the
introduction of windmills that can pump
water for drinking and growing additional
crops. In our Earthwatch pilot project in
Kenya Savonius and Cretan Sail wind-
mills are slated for demonstration and
dissemination during the 1993 field sea-
son (see Figure 8).

In many respects the history of modern
vertical axis windmills is similar to that of
solar ovens. Both the Savonius rotor,
invented over 60 years ago, and the
Cretan Sail (a small “Don Quixote” type
windmill) are only recently beginning to
attract widespread attention outside of
the “appropriate technology” community
(Hankins, 1987). The Savonius rotor
(Savonius, 1931) is an omni-directional
vertical axis windmill that is constructed
from a 55 gallon (220 liter) drum that is
cut vertically in half and offset (overlap-
ping) around a central shaft. A “stacked”
version utilizing two drums is shown in
Figure 10.

In the past critics of the Savonius rotor
have cited its high mass and low max-
imum power, P, output as drawbacks. The
power coefficient, C,, is defined as

Cc. =
Sy T
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where p is the density of air, v the wind
velocity, and A the swept area of the rotor.
For a one-bucket Savonius rotor the max-
imum measured C, = 0.24, while for the
two-bucket design shown in Figure 10, C,
= 0.24 — 0.28 is about the effective
experimental maximum (Ushiyama and
Nagai, 1988). More complex “propeller”
windmills can achieve C, > 0.35 (the
theoretical limit, Cp., = 0.59) but at the
cost of increased expense and design com-
plexity. Experimental results for several
windmill designs are summarized in
Figure 11. With the cost of Savonius
windmills under $200, we have concen-
trated on that design.

Recent engineering research focused on
optimizing the overlap and aspect ratios
has significantly increased the efficiency
of “modernized” rotors, prompting a
second look at Savonius systems for ap-
plication in developing nations (Ushiyama
and Nagai, 1988; Kammen, 1992c). The
principal advantage of the Savonius sys-
tem, however, is the ease of construction
and durability. Modernized Savonius de-
signs are capable of providing 5 — 50
Watts and can pump 100 — 300 liters hr!
from a depth of 10 meters given a 6 m
sec”! wind. This output of water is signifi-
cantly better for the price.

The success of the solar oven, windmill
and other renewable energy projects is not
only be measured in the number of solar
ovens and windmills constructed, but also
in the degree to which the process of
building and adapting the technologies
provides a springboard for the commu-
nity. As in our first pilot case of Zombe,
Kenya, the communities slowly gain a
significant measure of direct control over
the supply of domestic and commercial
energy resources.

Proposal: Technologies and
Policies to Improve Environ-
mental Health

uccessful environmental and develop-

ment projects generally reguire a
combination of community involvement
and initiative, and technical or financial
assistance. Thus while this proposal is a
call for the integration of solar oven,
improved cookstove, and other renewable
energy technologies into the standard
packages provided by assistance organiza-
tions throughout the world, a number of

immediate changes can be made that will
reduce greenhouse gas emission and im-
prove indoor air quality and health. As a
starting point, these organizations could
include solar ovens in all community
projects in the tropics (15 degrees North to
15 degrees South). The items listed below
combine behavioral and hence education-
al, technological, and policy programs for
community, national, multinational and
non-governmental organizations:

1. Good ventilation is essential: educa-
tional programs should stress that even
invisible gases can be harmful; while
cooking, a door or window should be kept
open even during the rainy season.

2. Reduce exposures for children: chil-
dren under five years of age may be
particularly sensitive to the hazards of
indoor air pollution; limit their extended
exposure. This is not always possible
particularly due to the diverse demands
on women, but extended African families
and family compounds provide the means
to monitor young children away from
cooking fires.

3. Economic improvement brings health
improvement: numerous studies indicate
that when given the option or economic
resources, people opt for more modern
stoves and move up the “energy ladder”
[9] towards cleaner fuels. Grameen (com-
munal lending) Banks and other prog-
rams indicate that poor communities effi-
ciently utilize even small amounts of
capital.

4. Further research on cooking technol-
ogy is needed: a “win-win” situation exists
for public health improvements, and ener-
gy and environmental conservation, when
development funds are spent on moderniz-
ing cooking systems that currently con-
sume the bulk of energy in developing
nations.

5. Solar cooking can be a “win-win-win”
proposition: successful pilot programs in-
dicate that in a diverse set of developing
nations solar ovens provide a way to cook
many foods without any smoke and to cut
fuel use. Solar oven workshops could be
inexpensively included in a wide variety of
education and development programs.

In summary, a benefit to both developing
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and developed nations exists in improving
cooking technology. As much as 40% of
worldwide CO, emission originates in
developing nations, that in turn devote an
inordinate share of total energy resources
to food preparation. The ever pressing
need for fuel contributes to deforestation
and threatens biodiversity. Because CO.,
emitted anywhere increases the atmo-
spheric loading of greenhouse gases,
abatement programs in developing na-
tions simultaneously serves regional and
global environmental goals.

We further propose that aid organizations
in industrialized nations (that generally
produce large amounts of CO, per capita)
to fund development projects that reduce
CO, emission elsewhere in the world,
while receiving a credit towards their
greenhouse gas quotas in the process. One
frequently discussed scheme, that of
tradeable emissions permits (see, for ex-
ample, Nordhaus, 1992), readily provides
a framework for this proposal and is not
difficult to arrange. This was demon-
strated by the success of the Montreal
Protocol for the elimination of CFC’s.
Furthermore, no new verification or ex-
perimental testing would be necessary to
implement this plan. International aid
organizations already monitor the out-
come of their programs (and perform
environmental impact assessments). The
reduction in biomass burning will be
apparent in surveys of local fuel prices
(and in satellite remote sensing surveys of
forest areas), national fossil fuel imports,
funds spent on health care (such as the
treatment of ARI), and in the general
interest and awareness of appropriate
techonology systems. If implemented, this
proposal would direct international assis-
tance towards projects -- such as improved
stoves and solar ovens -- that maximize
energy efficiency and contribute signifi-
cantly to local environmental health and
global environmental sustainability: a
“win-win” proposition.
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TABLES

TABLE 1: Total Carbon Released from Biomass Combustion.

SOURCE Tglyr
OPEN BURNING
Swidden Agriculture 500 — 1000
Permanent Deforestation 200 — 700
Savanna Fires 300 — 450
Total: Open Burning 1150 3750
ENCLOSED BURNING (Developing Nations)
Crop Residues 350 — 500
Firewood 500 — 800
Wood for Charcoal 100 — 300
Total: Enclosed Burning 950 — 1600
TOTAL BIOMASS 2100 — 5350
TOTAL FOSSIL FUELS 5300 — 5800

TABLE 1 LEGEND: Note, in particular the emissions from enclosed (domestic/
household) biomass burning. 1 Tg = 10" grams; 1 Pg = 1 GT = 10'° grams. Data taken
from Smith et al. 1992, Kammen, 1992b).

TABLE 2: Estimated Number of Improved Stoves in East Africa,
1991,

COUNTRY TOTAL PROGRAM STATUS
Urban Rural

Botswana 1,500 - Active

Ethiopia 900 - ?

Kenya 550,300 52,000 Reduced, 1989

Malawi 3,700 - Active

Rwanda 20,000 = Inactive, Civil War

Sudan 16,580 1,380 Ended, 1987

Zimbabwe 10,880 - Ended, 1989

TABLE 2 LEGEND: The number of stoves is taken from official (international agency,
governmental, or non-governmental .organization) project figures for the number of
stoves “disseminated”, or introduced. The number of stoves in use, however, may be
greatly less for unsuccessful projects or may be an underestimate, such as in Kenya,
where local stove manufacture has continued after the end of the formal project.
Adapted from Wickramagamage (1991).
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TABLE 3: Solar Oven Projects
in Kenya, 1977 - 1992:

1977 The German company GTZ initi-
ated and then abandoned a project
in the Nairobi area. The failure was
attributed to design flaws and
availability concerns for equipment,
primarily imported from Europe.

1985 The Catholic Mission in North Horr
sponsored the construction of 80
ovens for promotion and sale. The
project was not followed-up, and
only scattered reports of current
oven use persist.

1986 A project was announced by a
Catholic Mission in Mwingi. No
further information has been made
available.

1990 The Baringo Fuel and Fodder Pro-
ject included the construction of
solar ovens as part of its agricul-
tural and household education prog-
ram (St.
USA).

Lawrence University,

1991 Kenyan craftsmen in Nairobi began
production of solar ovens for export
to Tanzania and Uganda, indicating
interest in solar ovens from an
economic standpoint.

1991 Solar Box Cookers Northwest (Seat-
tle, Washington USA), and SBCI
have filled requests for literature
and plans for simple cardboard de-
monstration models from over 80
government and private groups in
Kenya.

1991 The Institute of Cultural Affairs, a
non-profit corporation based in
Nairobi, distributed 250 solar ovens

the Ulog Solar Jiko)

through a series of demonstration

(termed

sessions. ICA encourages carpen-
ters to construct the ovens that are
estimated to cost $US 50 — 70.

1992 The Earthwatch
awarded DM Kammen a multi-year

Foundation

grant to test and promote solar oven
and other appropriate technologies
in Kenya. The project, in collabora-
tion with the University of Nairobi,
the International Centre for Insect
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Physiology and Ecology, and
Ambassadors Development Agency
(all based in Nairobi), began in June
1992, and will incorporate volunteer
assistants from the United States as
well as community leaders from two

regions of Kenya.

1992 The African Medical and Research
Foundation (based in Nairobi, and
serving much of East Africa) has
formed a partnership with Solar
Box Cookers International (Sac-
ramento, California, USA) to in-
clude solar ovens as part of their
ongoing mobile health project.

TABLE 3 LEGEND: A chronology of solar
oven projects in Kenya, demonstrating
the recent growth of interest in commu-
nity-oriented renewable energy initia-
tives. The post-1990 projects illustrate the
(both
grant-in-aid and indigenous free-market)

range of economic approaches

and the mix of domestic and international
collaboration that is typical of recent
successful solar oven projects worldwide.
This flowering of activity illustrates the
success of these programs and demon-
The
appears right for these programs to be

strates end-user interest. time

expanded through international and

national level funding.

TABLE 4: Studies of Domestic Biomass Combustion and Acute
Respiratory Infections (ARI) in African Children.

STUDY SUBJECTS HEALTH MONITORING ARI RISK
(year) (case/control) (ARI determination) (Relative Risk)
i Natal (1980) Clinical X-Ray 48
South Africa 132/18 1.7 - 13.6
2. Basse (1989) Reported shortness %8
The Gambia 587 of breath 1.8 -6.1
3. Maragua, Kenya 36 WHO Guidelines N/S
(1990)
4. Marondera (1990) Hospitalization 212
Zimbabwe 244/500 for ARI 14 - 33
5. Basse (1991) 587 Reported Shortness Girls: 6.0
The Gambia of breath 1.1 - 340
Boys: N/S

TABLE 4 LEGEND: The exposure conditions were to cookstove smoke for children, 0 —
59 months of age, with the children frequently carried on their mother’s back. The
relative risk (incidence ratio to that in the control group) is shown with the uncertainty
range at the 95% confidence level. N/S: not statistically significant. Adapted from
Graham (1990) and Smith (1993).

Table 5: Comparison of Prices to Sequester CO, Under Various
Potential Schemes.

Proposal Sequestering Cost
(US $ per ton)
Kenya Ceramic Jiko 15 — 30
Solar Ovens 20 - 30
Reforestation 25 — 40
Savonius Windmills: Pumping H,O 45 — 135
“Clean” Coal Technology 50 — 120
Photovoltaic: Pumping H,O 100 — 240

TABLE 5 LEGEND: Estimated cost (per ton of carbon sequestered) of various schemes
proposed in the literature. The solar oven project is based on ovens with a ten year
lifetime, costing US$ 100, and offsetting 50% of the wood use of a family with a per
capita income of US$ 400. The reforestation proposal is for the United States, and
involves use of 139 million hectares of economically marginal land (Hall et al., 1991). The
windmill and photovoltaic costs are based on application only for irrigation, estimated
for Tanzania at 90 Watts cap ' yr ', with firewood the equivalent of 570 Watts ton™" and
for technologies with a five year lifetime (Nkonoki and Sorensen, 1984).
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FIGURE 1:

the interior linings of several improved

Cutaway drawings showing

cookstove designs. The two at top are
versions of the Kenya Ceramic Jiko, an
improved stove that has been widely
disseminated and introduced into the local

economy in East Africa, and particularly

Figure 1a: Photo/D.M. Kammen
Smoky indoor cooking fire

FIGURE LEGENDS

FIGURE 1

x.§»

in Kenya (Table 2). The stove has an
enclosed cooking chamber and ceramic
walls to improve heat retention and effi-
ciency. Local craft shops make and sell the
jikos for $US 5 — 15. Periodic replacement

of the ceramic lining is necessary.

Figure 1b: Photo/D.M. Kammen
Kenya Ceramic Jiko (right)

Cooking pot (left)
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FIGURE 2(b)

ALUMINIZED REFLECTOR

FIGURE 2(a)

GLASS PAINES,
HINGES . | " INTERVIENING GAP

OUTER WOODEN BOX ALUMINIZED INNER WALLS

— DOOR
INSULATED WALLS /

Zmetal floor plate (painted black)

FIGURE 2: (a) Drawing of the solar

oven with four cooking pots. This is the
model used in Central America (Kammen
L e and Lankford, 1990b, 1991); (b) schematic
=) s w
Y I of a solar oven, showing the primary
‘! components: wood, glass sheets (2), metal
floor sheet, and aluminum paper covered
\ walls. The materials for this oven cost
1 j US$ 30 in Kenya, and up to $100 in
Central America (Kammen, 1991, 1992a,
J__ (58 b).
FIGURE 3
Per Capita Energy Use for Cooking Percentage of
2il energy
100 200 100 400 500 SO0 pATTS. * - oRvated to
I 1 ! L 1 1 cooking
T T T T 1 T
TANZANIA 85%
CAMEROON 76%
BRAZIL
3RAZIL 27%
GUATEMALA 65%
GUATEMALA
748
KENYA
INDIA £0%
INDIA
55%
NICARAGUA B ooo/charcoaL
1.2%
U.S. A E] KEROSENE
FRANCE Z:Z:ii RN\ PROPANE 0.7%
SWEDEN Z] m LPG 0.7% X f
GAS FIGURE 3: Per capita energy use for
JAPAN = 0.6% e ) ; !

E cooking in developing nations. To reflect
the diversity of cooking fuels used in each
nation, the primary fuels are listed for

Note: | ton of wood burned per year averages 570 Watts severa] example&
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FIGURE 4

Comparison of Stove Efficiency and Cost
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FIGURE 1:
sentative efficiencies and direct capital

The energy ladder: repre-

costs (in US$) for various stoves. From
(US OTA, 1991).

FIGURE 5:
monoxide, [COJ, versus height (in meters)

The concentration of carbon

above the fire in small cooking huts or
homes for several types of cookstoves. The
data in each panel is aggregated from a
number of stoves, and was measured
while boiling water. The date is prelimi-
nary, but indicates that CO emission is
significantly reduced only for the “high
tech”, and least common, Kerosene stove
(B). Note that burning of wood (A) or dung
(C) are not appreciably worse than char-
coal in either an “improved” jiko (D;
Figure 4) or a simple metal stove (E). The
WHO recommended one hour exposure
limit is 45.8 ppm while some measure-
ments exceed 2000 ppm. Note, the panels
are not histograms, but scatter plots;
thus, the highest value at each height is
the maximum concentration observed
with lower values also occurring.
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Energy Mix in Kenya, 1980 -1
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FIGURE 6: Energy resources in Kenya
by fuel type for 1980 and 1990 as a
percentage of the total energy supply.
Despite a decade of efforts to modernize
and to direct the energy balance away
from traditional fuels, little or no progress
has been made. Per capita energy con-
sumption for 1990 averages 15 x 107
joules (15 GJ) from traditional fuels and 4
GdJ from commercial sources (1987). In
1980 total consumption was 30% less than
in 1990 when traditional fuels supplied 11
GdJ/capita; while fossil fuels accounted for
2 Gd/capita.

FIGURE 7: The market price of a 50 kg
bag of charcoal in eastern Kenya. Char-
coal is manufactured in rural areas
(Zombe) and regional towns (Kitui) where
wood is still available, and transported to
Nairobi. The prices are in 1992 Kenyan
Shillings (30 Ksh = 1US$).
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FIGURE 8

WIND AND SUN POWER
FOR KENYA

MISSION: Kenyan villages are short on fuelwood and drinking
water. Can appropriate technologies fill their needs?

DR. DANIEL KAMMEN, Harvard University

NAIROBI AND WESTERN KENYA—People in
developing countries rely on wood for over 50
percent of their energy needs, and their forests
are coming down as their populations are ris-
ing. Solar power, wind power, and other alter-
native energy sources seem like obvious solu-
tions to the problem, but they've rarely been
put to the test. Kenya provides a perfect case
study. Daniel Kammen, building on last year’s
successful work with volunteers, wants to see
whether solar ovens and windmills can both
fulfill the Kenyans’ energy needs and fit in with
their society.

Field Conditions: Based in a residence
hall at the University of Nairobi and in field
quarters, teams will participate in workshops
in which Kenyans adapt and construct solar

ovens and, in follow-up studies, will chart the
impact of the ovens on the household econo-
mies in several test villages. Team II will con-
struct and test a Savonius windmill, which will
be used to pump up potable water. Related
skills and interests: home economics, Swabili,
Journalism, the status of women and minor-
ity groups.
R
B TEAM I: Jun 28-Jul 10, 1993

B TEAM II: Jul 19-31

B TEAM III: Aug 4-16

B STAGING AREA: Nairobi, Kenya
]

u

]

PROJECT COST: $50,850

YOUR SHARE: $1,695 ® £995 ® A$2,325
CO-SPONSORS: University of Nairobi, Kenya
Academy of Sciences

FIGURE 8:
constructed by Kenyans in a workshop

Photograph of a solar oven

directed by the author. The two women

are from the Masaai tribe. The project

caption is from the Earthwatch journal,

and

illustrates the involvement of in-

terested persons from developed nations

and the ease of teaching the necessary

skills to assistance organizations world-

wide [Photograph: D. M. Kammen].
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FIGURE 9
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FIGURE 9: The temperature in a solar
oven versus time. The solar oven con-
tained two liters of water that were begin
boil to make soup. The temperature
reaches boiling after 50 minutes.
FIGURE 10

FIGURE 10: Sketch of Installed Savo-
nius Rotor for Pumping Water. This mod-
el consists of two “buckets” mounted on

the vertical drive pole.
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FIGURE 11

EXPERIMENTAL POWER COEFFICIENT: WINDMILL COMPARISON

0.40

] -&  Savonius
= =@~ Cretain Sail
b ~  Multiblade
=3 0.30
=
(=]
]
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=
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a8 0.20 4
7]
-
u
W
‘g & FIGURE 11: Power delivered versus tip
o s ration (wind speed divided by the speed of
E rotation) for the Savonius rotor (lower
g curve; filled boxes), and two more complex
o 0.00 : : and expensive designs: the Cretan Sail

0.0 1.0 2.0 (middle curve; open boxes); and the Mul-

tiblade (top curve; filled circles). The de-
TIP SPEED RATIO (Rotor/Wind) sign parameters are discussed in the text.
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A Proposal for Sustainable Development: The Asiacar

Hiroshi Shimizu

Team Head, The National Institute for Environmental Studies

Age 45, Male

Japan

Summary

his proposal suggests an electric vehi-
Tc]e transportation system designed to
combat the deterioration of the environ-
ment which will accompany the expected
availability of electric vehicles to the
masses in the countries of Asia as well as
to suppress the generation of greenhouse
gases by electric vehicle traffic. It also
examines solutions to the problems of
energy use, accidents and congestion that
vehicle-centered

blight our electric

society.

The author, who has participated in the
development of high-performance electric
vehicles, combines that expertise here
with knowledge of the use of solar cells to
achieve energy savings and a major re-
duction in environmental load. The pro-
posal also shows how the number of
accidents can be greatly reduced by im-
plementing an automatic driving system
which includes functions to prevent colli-
sions, cause cars to stop properly at red
lights, and keep cars within their traffic
lanes. Significant increases in road and
parking lot capacities can be achieved by
introducing a new standard which re-

duces car widths to no more than 120 em.
Limiting the overall weight to a max-
imum of two tons would permit a change
in road structures -- ordinary roads could
be multilayered and three-dimensional,
unlike today’s roads, the overwhelming
majority of which employ flat, single-deck
surfaces. This would make it substantially
easier to construct roads in our cities.

This proposal brings together
all these different elements.

The cars proposed here are two-seaters,
with one seat in front and one behind.
This configuration can be altered, howev-
er, according to requirements. The basic
model can accomplish 250 km of city
driving on a single battery charge and
achieve a maximum speed of 130 km/h.
Charging solely by solar cells allows an
annual range of 18,000 km. The purchase
price can be lower than that of a standard
Japanese minicar.

Implementing this program step by step
in stages can eventually yield solutions to
all the problems caused by electric vehi-
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cles. The program is also ideally suited to
the trend toward mass availability of cars

in Asia.
1. Introduction

Come with me for a moment to Sukhum-
vit Road. in Bangkok, the capital of Thai-
land. This is one of the roads with the
heaviest traffic flow in Thailand, a coun-
try with remarkable economic growth.
There are three traffic lanes in each
direction and wide sidewalks on either
side. Some of Bangkok’s top hotels and
department stores line the road.

We stand on the sidewalk, watching cars
passing by. Above us the spreads bright
blue tropic sky, however, at the ground
level it is too hazy to look beyond even two
blocks away. When the light turns green,
the road is filled by moving vehicles. First
come all the two-wheelers which were
lined up between the cars at the light.
Next come the mass of ordinary cars, all
dashing forward. They are followed by the
three-wheeled samlor taxis. And buses
filled with passengers and fully-laden
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trucks bring up the rear. Every one of
these vehicles is running at full-throttle,
making an unbearable noise and pouring

out black smoke.

As I observed this traffic flow one day, I
had already been thinking for some time
about Thailand’s future urban traffic and
environment. Before my ideas could form,
however, my throat became painful and
tears began flowing from my eyes. “If
nothing is done about this traffic, Thai-
land will end up in a terrible state. The
effect on the global environment will also
be substantial.” With thoughts like these
in mind, I moved quickly away from the

scene.

This sort of urban traffic is by no means
restricted to Bangkok; it can be seen in
the big cities of developing countries
around the world. But it is particularly
striking in the rapidly developing coun-
tries of Southeast Asia. As their economic
strength grows, we can expect the num-
ber of cars on the city streets to grow, too.
It is only too clear that the pollution
caused by traffic, including environmen-
tal pollution and noise pollution, will
become worse. Furthermore, the carbon
dioxide generated by these cars will add
to the greenhouse effect, and the dena-
tured NOx in their exhaust will produce
acid rain.

Approximately 20% of the carbon dioxide
production in Western countries is due to
cars. If developing countries are included,
this proportion rises to 25%. There are
currently 500 million cars on the world’s
roads, one for every 10 people. If you
consider how this figure will multiply if
car ownership in the developing countries
reaches the levels of the West, you can see
just how decisive an effect the electric
vehicle will have on the global environ-
ment.

One easy way to solve this problem would
be to restrict the number of cars. In light
of the number of cars already on the road
in the West, however, this solution be-
comes virtually impossible. Some method
must be found to begin reducing global
carbon dioxide discharges. Here, 1 would
like to propose a transportation system for
the future that can stop further deteriora-
tion of the environment in both the Asian
region and the world as a whole.

The aim of this proposal is to propose a
practical transportation system with the
above perspective for the developing coun-
tries, mainly in Asia, where high eco-

nomic growth is assumed.

Land transportation systems are of two
types: guided systems and electric vehicle
systems. Many “new transport systems”
have been proposed using some sort of
guided system. However, because of con-
struction costs and inconvenience, it is
difficult for guided systems to play the
major role. There are also proposals for
“dual mode” systems, including the RUF
system proposed in Denmark. This sort of
system also needs a major infrastructure
provision, and has the additional require-
ment of fitting equipment to the vehicles.
With these problems, I believe that this
sort of system is unlikely to become widely
used. This proposal focuses, therefore, on
an electric vehicle system. I call this the
“Asiacar” system and the vehicles it em-
ploys “Asiacars”.

2. The Electric Vehicle as the
Basis for the Asiacar

The general attitude towards electric
vehicles is that, although they are clean
and quiet, they remain a long way from
practical use, with applications restricted
to golf carts and toy cars in theme parks.
It is also generally believed that a major
increase in battery performance is essen-
tial if electric cars are to become a practi-

cal proposition.

Virtually all the electric vehicles produced
to date are converted cars, which have
been produced by removing the engine
from an ordinary car and replacing it with
motors and batteries. The performance of
the batteries in this sort of car still leaves
a great deal to be desired.

For this reason, I have designed an elec-
tric car from scratch. Adding a few new
techniques in a new design is the way to
make dramatic strides in performance.
This has been the basis for my thoughts
for the last 15 years. Over this period, I
have been assisted and supported by
many people, and have been given the
chance to develop an electric car based on
this approach.

The result was an electric vehicle called
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the IZA, which was completed in the fall of
1991. The IZA was a 4-passenger electric
car capable of running up to 548 km on
one recharging at a constant cruising
speed of 40 km/h. Its top speed was 176
km/h, and its acceleration came extremely
close to that of today’s conventional cars.
In addition, it achieved a high degree of
energy efficiency; if this car had used
crude oil as its primary energy source, its
energy consumption would have been
approximately one-third that of a gas-
oline-powered car of the same size.

As you can see, we have reached an age
when electric cars can be put on the road
which are scarcely inferior to convention-
al cars. Not only that, but ongoing im-
provements in individual components and
general technical progress reveal plenty of
scope for development of even higher
performance and greater energy savings.

Another point we should note is the
ability to recharge the batteries using
solar cells. Most cars in practical use
spend much more time standing still than
actually running. If solar cells are used to
charge the batteries, particularly when a
car is at a standstill, the car can travel a
very substantial distance each year on
solar power alone. If 80% of the 1ZA’s
surface were covered with 15% efficiency
solar cells, for example, and the car were
normally parked outdoors, solar power
would provide enough energy for it to
travel 4,000 km per year in Japan. Since
the average car in Japan today covers
approximately 7,000 km per year, solar
power could provide more than half its
energy requirements.

The efficiency of solar cells is developing
quickly, and there are now cells on the
market that achieve 20% efficiency. The
average amount of sunshine in Japan is
around 1,800 hours per year, but for most
Asian countries, the figure exceeds 3,000
hours. If a car in this region used high-
efficiency solar cells, it would consequent-
ly not be impossible for it to operate on
solar power alone.

It is also important in considering the
energy consumed by a car to consider the
energy used in its manufacture in addi-
tion to that employed to run it. According
to our analysis, the manufacture of a
gasoline-powered car requires an amount
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of energy equivalent to 1.2 times the car’s
weight in crude oil. This ratio is essential-
ly the same for electric cars.

By contrast, the amount of energy used by
a gasoline-powered car by the time it
reaches the end of its working life is
equivalent to eight times its weight in
crude oil. Thus, the amount of energy
used to operate it is approximately six
times that employed in its manufacture.
For this reason, reducing the amount of
energy used for its operation is the most
important factor in reducing a car’s over-
all energy consumption. Making the car
lighter also has an important bearing on
consumption, because it cuts the energy
requirements for both manufacture and
operation.

When contemplating the mass use of
electric cars, provision of resources for the
batteries must be taken into considera-
tion, but this poses no particular problem.

3. The Basic Concept of the
Asiacar System

The electric vehicle-based society faces
four major problems -- environmental
deterioration, pressure for energy re-
sources, accidents, and congestion. The
main focus of this proposal is on contribut-
ing to the global environment, but any
proposal for a transportation system must
examine all of these topics.

As described above, the performance of
electric cars is improving steadily, their
low energy consumption and environmen-
tal impact are something to be proud of.
The mass utilization of electric cars can
therefore go some way toward solving the
environmental and energy problems
caused by the electric vehicle. But the
other problems affecting the electric vehi-
cle-based society -- accidents and conges-
tion -- have yet to be solved. The countries
of Asia have a higher accident rate per car
kilometer than Japan and the other ad-
vanced countries, and congestion is a

serious problem.

One of these problems, congestion, has

generally been solved in countries
throughout the world by enlarging the
surface area of roads and parking lots.
Even in the West, however, the construc-

tion of roads and parking lots cannot keep

up with the number of cars. It is thus
inappropriate to expect too much from
this solution in Asia, where the infra-
structure is less advanced.

Many different strategies have been
adopted in an attempt to combat accidents
around the world, but the problem con-
tinues to grow in seriousness. It is,
moreover, inconceivable that methods
employed in the West could easily be

transplanted to the developing world.

To realize the Asiacar, 1 should like to
make three proposals concerning the de-
velopment of a system which concentrates
on solving the problems of congestion and
accidents.

3-1 Automatic driving system

It has often been said that the ultimate
form of electric vehicle transportation
would be an automatic driving systems. In
general, this calls to mind fitting cars with
functions similar to human sight, en-
abling them to recognize objects in their
path, avoid all obstacles, and drive auto-
matically to their destinations. To do this,
however, a car would need the same sort
of functions as a robot, and this level of
technology is not likely to be developed in
the short term.

If we consider more limited automatic
driving functions, focusing on only two
points -- avoiding accidents and coping as
best as possible with congestion -- the
technology required becomes much sim-
pler.

First of all, accidents can essentially be
prevented by separating the sidewalk
from the road to stop people from rushing
out into the road and by providing three
functions for the cars on the road itself: an
ability to avoid collisions with cars in front
of them; a system to ensure proper stop-
ping at red lights and stop signs; and a
method of keeping them within the proper
traffic lane. A method of preventing colli-
sion with the car in front is already on the
market in the form of the laser radars
fitted to some luxury cars. A system to
ensure proper stopping at stop signs and
lights
attaching a sensor to the car to receive

red can be implemented by

some form of control signal, transmitted
as a radio signal or infrared light from the
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traffic light, and by causing the brake to
be applied automatically when a control
signal is received. The function of keeping
the car within its traffic lane can also be
implemented by sensors in the car which
read data transmitted from the roadside.

If the road and car can be given functions
to prevent accidents, and if the laser radar
can be given the additional function of
maintaining a certain distance from the
car in front, it would be possible to reduce
the interval between cars on the road to
between one-third and one-half the pre-
sent distance. This would allow two to
three times as many cars to use the same
road, contributing substantially to solving
congestion problems.

With these functions in place, the driver
would enjoy normal driving. And since
accidents would be largely prevented and
the distance between cars regulated and
reduced automatically on busy roads, the
system as a whole could prevent conges-
tion.

If this system were linked to the electric
vehicle guidance systems already becom-
ing available, it would be possible to input
your destination in advance, and then to
be driven there automatically without
having to do the driving yourself.

These functions can all be brought
together and integrated to form what I
call an automatic driving system.

3-2 Car width restrictions

The maximum electric vehicle width
throughout the world is 2.5 m. Virtually
all vehicles, including big buses and
trucks, are manufactured to fit within this
limit. For this reason, lanes on high-
standard roads are between 3.5 m and 4 m
in width. Passenger car widths are distri-
buted around the 1.5 m mark.

Virtually all passenger car lengths are 5
m or less, and many parking lots are built
with space sizes of around 2.5 X 5 m.

Here, I would like to suggest a change
from the conventional way of thinking
and consider making cars narrower, so
that one traditional road lane can be used
as two lanes. The standard car width
could be around 1.2 m, slightly less than
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half the present maximum width. If this
were technically possible, it would yield
large benefits in terms of both car con-

struction and road capacity.

First of all, today’s two-lane roads with
just one lane in each direction could be
four-lane roads with two lanes in each
direction, greatly increasing traffic capac-
ity. In developing countries, there are
many places where it is difficult for cars
coming in opposite directions to pass each
other. but if cars were narrower, traffic
would be able to flow freely in both
directions on roads like that. Two cars
would be able to park in a space where
only one could park previously. Because
the parking space width as well as entry
and exit roads could be made narrower, a
parking lot could hold three or more times
as many cars in the same area.

In light of these benefits, a narrower car
width is one of the prerequisites and a
fundamental basis for the Asiacar.

When it comes to actually implementing
this sort of road system, the biggest
problem is deciding what to do about the
present cars.

My conclusions on this matter are as
follows. First of all, a line could be inserted
in the middle of each lane on existing
roads to create two lanes. Wide (conven-
tional) cars driving down these roads
would straddle the new line, but the
narrower Asiacars would be able to use
the two new lanes separately, driving
down one or other of these. This would
result in two cars of different standards
using the same roads in different ways,
but this is no different from the way in
which motorbikes and cars share the
same road today. It is unlikely that it
would lead to major inconvenience.

When new roads are built, they can be
constructed as roads for a mixture of
conventional vehicles and Asiacars, or
constructed from the start as roads dedi-
cated to Asiacars. Future passenger cars
and light trucks can be constructed to the
Asiacar standard, but this may be difficult
for buses and large trucks. For this
reason, trunk roads where this type of
traffic is expected to travel should con-
tinue to be mixed traffic roads, while all
other roads should be constructed specifi-

cally for Asiacars.

3-3 The Asiacar
figuration

road con-

Since the width of the Asiacar is res-
tricted, all its dimensions become smaller,
with a resulting reduction in weight as
well. Roads are currently built on the
assumption that they will be used by
vehicles with a weight when loaded of up
to 20 tons. It is very unusual, however, for
vehicles close to this limit to use the roads
under normal circumstances. Most traffic
consists of passenger cars or light trucks
with a weight of around one ton. Thus, our
present roads are extremely wasteful,
since the same roads that accommodate
light vehicles must be constructed with
weight specifications for vehicles 20 times
as heavy.

To improve this situation, the Asiacar can
be restricted to a total loaded weight of,
say, two tons. Road weight specifications
can then be greatly reduced, cutting con-
struction costs significantly.

Road cross-sections can be either flat
structures with the road laid directly on
the ground, or elevated structures with
the road raised on stilts. Since flat struc-
tures are inexpensive to construct, this
structure is employed almost universally.
Since in the Asiacar system only half the
width is required for each traffic lane,
however, and weight specifications need
be only one-tenth those of conventional
roads, I estimate that elevated roads for
Asiacars could be constructed for just
one-fifth the cost of a conventional ele-
vated road.

The cities of Asia are all of very densely
populated. Building new roads in this
situation means relocating the present
occupants, a major problem in any
country.

Since the cost of constructing elevated
roadways is low in the Asiacar system, the
standard procedure in densely populated
areas would be to construct elevated
Asiacar roads above existing roads. An
Asiacar road of the same width con-
structed directly above the old road would
have twice the number of lanes, as a
result of which the total number of traffic
lanes would be effectively tripled. Because
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the structures involved in the Asiacar
road are lightweight, relatively thin sup-
ports would be sufficient, and it would be
easy to add a second or third layer of
dedicated Asiacar roads to create a multi-
layered structure. In addition, it would be
easy for the structure to incorporate cy-
cling tracks and walkways, thus further
improving the local traffic infrastructure.
Additional benefits could be derived form
using the structures for other services. In
the West, power and telecommunications
cables are more and more frequently
buried underground, but cable ducts could
be built into the Asiacar road structures,
and even urban utility lines such as gas
and water pipes, which are normally
buried, could be brought above ground
efficiently by constructing spaces for them
in the structures. The cost of burying
utility facilities is massive, and using
above-ground space could cut costs by a
factor of 10.

Figure 1 shows one example of a con-
figuration for building a dedicated Asiacar
road employing this sort of structure
above an existing roadway. This con-
figuration is appropriate for a city center
business area where low-rise buildings
face each other across an existing road
with one lane in each direction plus
sidewalks. The use of level 1 is unchanged
from the present, but a compound struc-
ture involving two additional layers is
constructed on top. Level 2 is dedicated to
pedestrians and bicycles, very much like
the arcades often found in Japan’s shop-
ping streets. The top of the structure,
level 3, features a dedicated Asiacar road
with two lanes in each direction. The area
directly above that allotted to sidewalks
on the existing road becomes extra space.
In this example, it is used for parking.

The buildings on either side of the road
still use their existing entrances on the
first floor, but because a new pedestrian/
bicycle transitway and Asiacar road have
been constructed at the same height as
the second and third floors, new entrances
have been provided on both these levels.
This increases the value of these buildings
as commercial or business space.

Space for hidden utility facilities and
similar ducts is provided above the side-
walks on level 1. This position enables
maintenance access from either above or
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below. Installation of this type of urban
utility infrastructure is continuing at full
pitch all over Asia, and structures such as
this one which permit installation with
great cost savings will be extremely im-
portant.

4. Examples of Asiacars

As stated above, the Asiacar is assumed to
have a width restricted to about 1.2 m and
a loaded weight of no more than two tons.
There is no particular restriction on
length -- a fact which allows manufactur-
ers some flexibility. The Asiacar is
assumed to be an electric car, driven by
solar power to the greatest extent possi-
ble. With these preconditions, let us look
at the basic vehicle and some variations
on the form it may take.

4-1 The Basic Asiacar

The basic vehicle in the Asiacar system is
a passenger car for use by individuals.
Around the world, the most typical car is
the sedan with four doors and seating four
or five. Japanese statistics show, however,
that the average number of car occupants
is only 1.5, and in the United States, the
figure is as low as 1.2. In Asia, the
average number of occupants is a little
higher, but it still does not exceed two. For
this reason, the basic Asiacar is designed
for only two occupants.

Until now, two-seat cars have been main-
ly sports cars and other niche vehicles.
They are also often proposed in visions of
the “car of the future.” Since it is true that
we want to sit side by side when we drive
with somebody, in virtually all cases, the
two seats are located alongside each
other. With this arrangement, the car
tends to be fairly wide at the driving seat,
requiring an overall width of around 140
cm. This exceeds the 120 cm width restric-
tion which is one of the basic conditions
for the Asiacar.

We therefore assume the basic Asiacar
configuration to be one with two seats
arranged one behind the other. Vehicles
with this configuration were made in
Messerschmitt, Germany, in the immedi-
ate post-war period, but they did not sell
in very large numbers. It is unclear
whether the reason for this was the
seating arrangement or some other aspect

of the vehicles’ performance. It is certainly
true that this seating arrangement is a
deviation from our mental image of a
“car.” For the electric vehicle-based socie-
ty, however, the two-seater fore-aft
arrangement has definite advantages
when considered in terms of congestion
and parking problems. It also allows cars
to be designed with much lower wind
resistance. From the driver’s point of
view, this arrangement gives better for-
ward vision, especially of the edge of the
road, which makes driving much easier.
One unexpected result of the arrange-
ment is that more space can be allocated
to each passenger, allowing greater com-
fort and communicating a sense of well-
being. Some may worry that a small
two-seater car will have a poor ride and
insufficient collision safety. This is the
case when four seats are squeezed into a
tiny car, but if the amount spent on
producing a four-seat car is reallocated to
a two-seater, a good deal of attention can
be devoted to ensuring satisfactory safety
and ride.

The conclusion here is that there are very
few demerits for the owner of a car with a
fore-aft seating arrangement.

Figure 2 shows a sample layout of the
basic Asiacar. As the profile in the upper
half of the diagram shows, motors are
incorporated into each of the rear wheels.
The effectiveness of this technology was
proved by the IZA car. The batteries are
designed as flat panels and mounted
under the entire floor area of the car. The
controller for modifying motor speed and
the automatic-driving control equipment
are fitted under the driver’s seat. The
front hood permits access to the air con-
ditioner and the electric steering equip-
ment, which is part of the automatic
driving system. In order to obtain a solar
panel area as large as possible, the solar
wings marked in the diagram are covered
with solar cells. These solar wings also
serve the function of providing downforce
to promote high-speed stability, and they
protect the driver from the bright tropical
sun as well.

The lower half of Figure 2 shows the plan
of the Asiacar. If the car is 120 cm wide,
the passenger space has an effective width
of approximately 80 cm. The front seat is
60 cm wide and is positioned in the center,
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leaving approximately 10 c¢cm free on
either side, enough space to provide some
degree of protection against the impact of
side collisions. The rear seat is also re-
stricted to about 60 cm by the rear wheels,
and it uses all of the space available. Car
seats need to provide a width of at least 40
cm per person, but 60 ¢cm is wide enough
for two children to sit. The basic concept
for this car was as a two-seater, but since
in practice, a mother with two children is
a very frequent combination, the basic
design allows for either two adults or one
adult and two children.

Arranging two seats fore and aft without
cramping, and ensuring space between
the front wheels and bumper, the design
requires a minimum length of 320 cm.
This is slightly less than the 330 cm
maximum length of Japan’s minicar stan-
dard. It would be extremely easy to make
the Asiacar longer if required for safety
reasons.

A single door fitted to one side of the car
only is sufficient for access, but, also for
safety reasons, a second door like that on
a hatchback car can be fitted to the back.
This would also be used for loading lug-
gage with the back seat folded down.

The specifications for this car and its
performance based on the specifications
are also shown in the diagram. As can be
seen, this design calls for an unloaded
weight of 600 kg, including 200 kg for the
batteries. The motors produce up to 20 kw
each. There is a great deal of scope for
selecting the battery configuration, but
lead-acid batteries have been chosen here
because they are currently the most prac-
tical. Tire rolling drag and air drag both
exert a significant effect on performance.
The figures given here are the best practi-
cally achievable values. The efficiency of
the solar cells used to charge the batteries
is assumed to be 15%, and they have been
allotted a total area of three square
meters, including the solar wings.

The assumptions concerning this electric
vehicle include anticipated performance
figures - a range of 250 km per battery
charge around town and 220 km per
battery charge when cruising at 100 km/
h. The maximum speed would be 130 km,
and acceleration from 0 to 400 m would
take 18 seconds.
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Of these performance figures, the accel-
eration, maximum speed, and range per
battery charge around town are sufficient
for the Asiacar to be of practical use. The
range when cruising at 100 km/h might
be insufficient in some situations, but it is
adequate for nearly all circumstances.

The range that can be covered with
charging from the solar cells is estimated
at 11,000 km in Japan, with its problems
of cloudy skies and relatively high lati-
tude. In Thailand and other countries
where there are long hours of sunshine
and the sun is higher in the sky, 18,000
km or more can be expected. Since the
average car in Japan today covers 7,000
km a year, the Asiacar could be used in
Japan with the solar cells as its only
source of power as long as usage was not
abnormal. Thus, its use need not be
restricted to more southerly parts of Asia.

The costs involved in this electric vehicle
can be considered as the purchase cost
and operating cost. Once mass production
begins, there is no area in which the
Asiacar will be more expensive than a
gasoline-powered car. As a result, its cost
is directly proportional to its body weight.
Japan’s minicars currently carry a price of
around ¥800,000 for a weight of 650 kg.
Using this price as a reference, we can
calculate the overall price of the Asiacar,
excluding the cost of batteries, as approx-
imately ¥500,000. The solar cells can be
expected to cost at least ¥100,000.

Considering that the energy is generated
by solar batteries, costs to run the car can
be more or less disregarded. Even the
price of the batteries is likely to go down
to ¥1 per km as they come into mass
production. These factors effectively show
that the car can run quite in expensively

As you can see from the figures, the basic
specifications are adequate to allow for
mass marketing of the Asiacar, in terms
of both performance and price conditions.

4-2 Expanding the functions in
the basic Asiacar passenger
vehicle design

In order for the Asiacar to become the
mainstay of our urban transportation
systems, it must be capable of use for
many different functions. First of all,

changes in the basic design can be con-
sidered as a means of expanding the range

of functions for the passenger car market.

The main area in which the basic Asiacar
design is lacking in terms of a passenger
car is in the ability to carry more than one
passenger. It cannot serve as a chauffeur-
driven car (a type which is very popular in
Asia).

One simple way of providing transporta-
tion for many passengers is to link two or
more cars together. Figure 3 (a) shows an
example of this. The electric car’s accel-
eration and deceleration can be handled
simply by exchanging signals. The steer-
ing can also be controlled electrically as
part of the power-steering mechanism. All
these signals can be picked up as remote
control signals. The same function is used
to link cars and run them together. Link-
ing two cars together in this way gives a
four-person capacity, and linking three
cars a six-person capacity.

The ability to link cars together also
provides other benefits. A family of four
does not need to have two cars per-
manently linked together. It is quite un-
usual for three or four family members to
travel together, so the family could own
one car and hire a second when necessary
Rental system must be set up to ensure
that this benefit is available.

Nest, let us consider an example of a
chauffeur-driven car. The Asiacar stan-
dard allows flexibility in vehicle length.
Chauffeur-driven cars can be made in the
same way as American limousines by
stretching a basic model to create a larger
passenger compartment which can have
more than one seat. Figure 3 (b) shows the
layout of a stretched Asiacar with two
seats in the rear. As you can see, the
Asiacar always has its seats arranged fore
and aft, never side by side. Two seats are
often sufficient for a chauffeur-driven car,
but if more are required, the design can be
stretched further to incorporate the extra
seats. The Asiacar passenger compart-
ment is narrow, but since a seat width of
60 em can be allowed for each occupant,
passengers can be extremely comfortable
-- and maybe even more so than with a
current luxury car.

Since the car’s weight will change when it
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is stretched, performance would drop if it
still used the same motors and batteries
as the basic Asiacar. For this reason, the
number of batteries and the motor capac-
ity can be increased when the car is
enlarged. The area of the solar cells on the
roof should also be increased.

Asiacars with the passenger compartment
stretched in this way can be used as
luxury executive cars, or as taxis.

4-3 Developing trucks from the
basic Asiacar

Many different configurations can be con-
sidered for using the Asiacar as a truck,
depending on the specific use. Several
ideas are shown in Figure 4.

Figure 4 (a) shows a basic Asiacar stretch-
ed at the rear by 50 to 100 cm, making it
the equivalent of a light van. A model of
this type would have two seats as usual,
and the rear seat could be folded down to
increase the cargo space. Increasing the
battery weight and strengthening the
motors would enable vehicles with this
configuration to transport 400 kg—500 kg
loads.

Figure 4 (b) shows a pickup version, and
(c) shows a wagon version with a raised
roof.

When the purpose is distribution in town,
load sizes are very often just over a ton.
There are also times when a capacity for
larger loads is required. In that case a
trailer configuration could be recom-
mended. The profile of a trailer setup is
shown in Figure 4 (d). Using an electric
car as the basis for a trailer offers one
major advantage: the trailer itself can be
powered in the same way as the car. |
refer to this sort of trailer as an “active”
trailer.

An active trailer is fitted with the batter-
ies and motors necessary to move the
trailer, so that only the steering is left to
the tractor car. Since with this configura-
tion, the tractor car does not need the
power to actually pull the trailer, it can be
quite small. A basic Asiacar could be used
as a tractor car with no alteration. All
that would be required to connect the two
vehicles would be communication cables.
This technology would be exactly the
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same as that used in 3-2 to link two basic
Asiacars.

One reason for the poor sales of tractor-
trailer combinations among conventional
vehicles is the skill required for reversing.
Hauling two or more trailers is unreason-
able. If the trailer itself is self-powered,
however, and if it can be driven freely
either forwards or backwards, then the
problem of reversing is largely solved.

Considered from the perspective of the
Asiacar system, trailer size and weight
must fit within the standard. Consequent-
ly, each trailer must be no wider than 120
cm and weigh no more than two tons. The
length would be about 320 cm, if it were
matched to the basic Asiacar. The load
platform would have virtually as much
area as this length and width. Since a
conventional two-ton truck generally has
a load platform of around 310 em x 160
cm, the Asiacar trailer could be used for
nearly all the same purposes. The trailer
weight would be determined by batteries
and other equipment, but it would prob-
ably be around 800 kg, leaving a load
capacity of about 1,200 kg. This is gener-
ally sufficient as a unit weight for delivery
work around town. It would also be possi-
ble to link several trailers together to
move earth or other heavy loads or to
transport cargo long distances. High-
speed cruising is the norm for long-
distance transport. At high speeds, air
resistance absorbs nearly all the energy.
With a trailer setup, the tractor at the
front has the job of overcoming nearly all
the air resistance, enabling the trailers to
run with relatively low power consump-
tion. This means that, Asiacars in a
tractor/trailer setup for cargo transport
would be able to run for quite a long
distance on one charge.

5. Towards Implementation of
the Asiacar System

The Asiacar system proposed here is a
combination of the road system and the
cars to use that road system described in
sections 3 and 4. If the Asiacar system
comes into use, it will solve nearly every
transportation problem, and it will also
meet future demand for cars and trans-
port systems in Asia. It would, however,
be very difficult to install this system all
at once. The most difficult part of the

proposal involves the automatic driving
function. This function is essential for
proper accident prevention, but since de-
velopment of such systems has not yet
begun in any advanced country, it will
probably be some time before it can be
implemented. The proposal to split road
lanes into two will also require a consider-
able experimenting before its widespread
implementation. Finally, time will be re-
quired to gain a consensus in the region
for reconstructing the road network for
the Asiacars.

Manufacturing and marketing and sales
of all the different types of vehicle to be
used in the Asiacar system will require
some time because of the cost involved.

For this reason, it would be best to set up
objectives for the Asiacar system first,
then to achieve those objectives gradually,
step by step. The procedure for accom-
plishing this is shown in Figure 5. First of
all, the basic Asiacar should be developed
and brought into use in particular regions.
When use of the basic Asiacar begins to
spread, development of Asiacar versions
for specific purposes can start, with each
version marketed as soon as it is ready.
The basic Asiacar should initially be used
in mixed traffic on ordinary roads, but
when a reasonable number of Asiacars
are in use, the process of dividing up road
lanes can begin. Step-by-step develop-
ment will proceed like this until it finally
becomes possible to supply the Asiacar
with its automatic driving system.

The factor that must be given the most
attention during this process is develop-
ment of the basic Asiacar. Considering its
role as a future mass market vehicle, the
development targets must include low
cost, use of easy to obtain materials, and
ease of manufacture. To ensure its popu-
larity with the general public, it must also
be easy to use and have sufficient atten-
tion paid to external design and appear-
ance. Because it will initially be used in
mixed traffic, safety in traffic accidents is
important. Finally, it must be constructed
with sufficient space allowed for installa-
tion of the control systems required for
automatic driving in the future.

6. Conclusion

This paper proposes an Asiacar as a
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method of solving the four problems fac-
ing electric vehicle-based transportation
systems; environmental deterioration,
energy concerns, accidents and conges-
tion. The Asiacar can simultaneously per-
mit sustainable development of trans-
portation and transport systems for the
Asian region. From the technical point of
view, the Asiacar is extremely desirable
for the future of electric vehicle trans-

portation.

The main worry with the proposal is that
it is based on downsizing cars. The electric
vehicle has traditionally fulfilled the role
of a “dream machine,” and for this reason,
cars have often been built larger than
they actually need to be. It is often said
that a change in our way of thinking is
needed if we are to respond effectively to
the serious situation regarding our en-
vironment. If large numbers of people can
change their way of thinking in an
appropriate way, and if they can be
then the
Asiacar can be a success. To test the
of the
Asiacar must be produced as soon as

satisfled with smaller cars,

public’s response, prototypes
possible and evaluated by large numbers
of people. This is essential to confirming

the Asiacar’s success.

In developing the Asiacar, the participa-
tion of Japan with its store of basic
technology and financial power is ex-
In addition, the
Asiacar system can be applied in the West

tremely important.
to solve transportation and transport sys-
tem problems, so cooperation on a global
scale in development and marketing the
system must be investigated.
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/ Solar wing pe S

L ————

Solar wing

l

(a)

ol

iy

Specifications
Overall length
Overall width
Overall height
Passenger capacity

Curb weight

Motor output
Maximum motor torque
Battery type

Battery energy density
Battery weight

Tire rolling-drag
coefficient

Air-drag coefficient
Frontal area

Solar cell area
Solar cell efficiency

Efficiency of transfer from

solar cell to batteries

3,200mm
1,200mm
1,300mm

2 (or 1 adult+
2 children)

600kg
20kW x 2
30kgmX 2
Lead-acid
42Wh/kg
200kg

0.005
0.15
1.15m?
3m?

15%

80%

(b)

Performance

Range per charge

(city drive)

Range per charge
(cruising at 100km/h)

Maximum speed
0—400m acceleration time

Annual range with power
from solar cells (Japan)

Annual range with power

from solar cells (Southeast Asia)

Motor

250km

220km
130km/h
18 seconds

11,000km

18,000km

Figure 2 The Basic Asiacar: Profile (a), Plan (b), Specifications and Performance
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Connecting cable
(a)

QD)

(b) Rear seats

Figure 3 Variations on the Asiacar Passenger Car:(a) Linked Cars, (b) Chauffeur-driven Car

O 2L 20
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(a) (b)

Trailers

r o

e

O LT it S bl (LR W ol e

(d)

Figure 4 Asiacar Truck Variations: (a) Light Van, (b) Pickup, (¢) Wagon, (d) Trailers

Developing the basic

Asiacar Marketing of standard vehicles

Developing special-purpose

Asincacd Marketing special-purpose Asiacars
As <

Dividing traffic lanes on existing roads

Constructing dedicated Asiacar roads

Marketing automatic driving system

Time —

Figure 5 Schedule for Asiacar System Implementation
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Summary

ixteen caatinga tree species were clas-
Ssiﬁed into three groups according to
response and tolerance to water stress
which reflected their ability to adapt to
Notheast Brazil.
Tolerance within these three groups are

semi-arid climate in

closely related to plant succession pro-
cesses after clear-cutting with increasing
tolerance to water stress with decreasing
response rate to water storage.

Caatinga trees are utilized for firewood,
charcoal, brick and tile production, and
are also preferred by livestock. Results of
questionaries, interviews, and plant eco-
logical fieldwork established the rate of
disappearance of caatinga forested area to
be 5,300 km? to 11,200 km?® per year in
Northeast Brazil.

Caatinga trees can regenerate to meet
human consumption within fifteen years.
Such regeneration can prevent the dis-
appearance of tropical rain forest current-
ly being used by the iron industries in
Amazonia. The construction of a regional
complementary program between North-
east Brazil and Amazonia will lead to

sustainable forest development and sound
management of plant resources.

Introduction

large expanse of deciduous thorny
Awoodland, locally called “caatinga”,
covers the semi-arid interior of Northeast
Brazil. Rainfall, which occurs mostly be-
tween December and April, varies from
400 to 800 mm annually. Due to aridity,
aridisols, alfisols, and entisols are domi-
nant. The capacity of these soils to hold
water is limited by shallowness and or-

ganic matter is low.

In Indian caatinga means “white forest”,
which refers to the bleached appearance
of the trees and the extremely dried
whitish soils found during the dry season.
With the rainy season the caatinga
changes completely -- a paradise of lush
vegetation bursts forth, birds sing, and
butterflies flutter.

Agricultural activities and open-range
cattle grazing were introduced to the
in the 17th century.
Although crop farming provides_greater

semi-arid area
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economic value, it is limited mostly to the
moist areas of river floodplains and dried-
up lake beds.

Agriculture was gradually transformed in
the past two hundred years by the intro-
duction of cash crops, such as cotton and
agave. However, subsistence crop cultiva-
tion of the moist areas still continues,
especially the practice of interplanting
crops such as maize, two or three kinds of
beans, and squash. Normally, the follow-
ing sequence occurs. During the dry sea-
son livestock graze in the fields. At the
end of the dry season fields are prepared
for planting, and if the rains arrive the
crops grow sufficiently to produce a har-
vest. This pattern of agricultural land use
is repeated annually. In the past, after
seveal years the cultivated fields were
converted to fallow, which resulted in a
secondary growth of vegetation type
called “capoeira”. However, recent pop-
ulation increases and economic pres-
sures have modified this pattern of land
use. Fallow periods are shortened or
elimin ated. The result of this overuse, or

abuse, is accelerated erosion and de-
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pletion of soils, as well as the invasion
of less desirable plant species and a
general degradation of the ecosystem.

Cattle, sheep and goats graze in the
semi-arid interior. Which of these animals
are chosen is determind not only by the
variable forage production due to the
interannual fluctuation of rainfall but also
by the composition of the preferred edible
floristic species. Moreover, the choice of
livestock types is influenced strongly by
the individual farmers willingness to
undertake the risk of investment, i. e.,
cattle and sheep require greater capital

than goats.

In addition to forage, the caatinga pro-
vides farmers with construction mate-
rials, fuelwood, charcoal, honey, fruits,
plants. Furth-

fibers, and medicinal

ermore, trees are removed from the
caatinga for commercial fuel in bakeries
and in both local and distant brick and tile
factories. Thus the caatinga provides an
environment for multiple land use under

traditional forest management.

The purpose of this paper is to clarify the
following: 1) the strategies for adaptation
of caatinga trees to the severe natural
conditions of the semi-arid interior, 2)
possible improved utilization of the
caatinga stand. Finally, the complementa-
ty relationship between the semi-arid in-
terior of the Northeast and Amazonia are
discussed using the case of charcoal pro-
duction.

Table 1. Bioclimatic division and climates (after Golfain and Caser, 1977).
Mean annual Annual Annual water 41 Relative
Region air temp. rainfall deficit H?ﬂ"gﬁty humidity
) (mm) (mm) (%)
1 20~27 1,500 ~ 1,350 @~ 100 +20~ +100 78 ~ 90
2 20~ 1,000 ~ 1,700 507: 300 0~ +20 70~ 80
3 Q=<2 700 ~ 1,300 200~ 600 0o~ -33 65~
4 21 ~28 500 ~ 1,000 500 ~ 1,000 -33~ —66 60~ 170
5 23/==28 250~ 3550 800 ~ 1,300 —66 ~ —-100 45~ 65
[ T J
F2's (o] 300km
|
|
m ATLANTIC
SR OCEAN
-8
N
| g armrﬂ;réa
/

10

Figure 1.

Bioclimatic regions (after Golfairi and Caser, 1977).
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I. Bioclimatic divisions of
Northeast Brazil and floris-
tic composition of the
caatinga stand

ortheast Brazil is often divided into
four geographical regions: the east-
ern humid coastal region (Zona da Mata),
the semi-arid interior (Sertao), the tran-
sitional region between these two regions

(Agreste), and the more humid transition-

al region (Meio Norte), nearing Amazonia.

Golfairi and Caser (1977) divide North-

east Brazil into five bioclimatic regions,

Table 1 and Figure 1. The pocket-shaped

area which includes Region 4 and Region

5 were originally covered by caatinga

vegetation. These regions lie in areas of

less than 1,000 mm of annual precipita-
tion and annual water deficits greater
than 500 mm. However, the amount of

300 mm/m as a soil water-holding capac-

ity used by Golfairi and Caser for the

calculation of water deficit is much too
great for the shallow soils in the caatinga.

Tsuchiya (1990), found the value of 50
mm/m as the water-holding capacity of
caatinga soils from the correlation be-
tween seasonal marches of the observed
discharge and water surplus in three
drainage basins in the semi-arid interior.
Table 2 shows the annual water storages
and the annual water deficit using a
water-holding capacity of 50 mm/m at
three stations from 1968 to 1987.




GISPRI Award

Although Campina Grande and Patos are
located in the same Region 4 defined by
Golfairi and Caser, the annual water
deficit differs about 600 mm. While Patos

and Petrolina are located in different
regions, their annual water deficits are
almost the same. Moreover, the seasonal
marches of water balance at both Patos

and Petrolina are also almost the same in
spite of different regions.

Table 2. Means of annual water storage and water deficit for

twenty years from 1968 to 1987.

Station Water storage
Campina Grande 181 mm
Patos 118
Petrolina 62

The dominant species and the floristic
composition of the caatinga stand are
affected initially by the natural environ-
ment such as water balance and soil
condition and also are influenced by hu-
man activity. The magnitude of human

impact on the caatinga has increased
rapidly in recent years due to population
and economic pressure, which results in
greater scarcity of mature stands. Trees of
the caatinga stand with heights greater
than 1 m are described by their floristic

Water deficit

443 mm
1093
1047

composition for five sites, Table 3. Campo
Alegre, located 15 km north of Patos is in
Region 4, Pocinhos is in Region 5, as is
Nogeira and Virginha, both 40 km east of
Petrolina.

Table 3. Floristic composition of the caatinga stand at five sites.

Sites

No. of trunks

(1) Campo Alegre 1 (10m x 10m)
Malva

Pinhao
Marmeleiro

J

(2) Campo Alegre 1 (10m x 10m)
Marmeleiro

Jurema-preta
Catingueira
Mofumbo

(3) Pocinhos (10m x 10m)
Jurema-preta

(4) Virginha (20m x 20m)
Catingueira
Jurema-preta
Faveira
Pinhao
Umbuzeiro

(5) Nogeira (10m x10m)
Catingueira
Pinhao
Jurema-preta
Burra-eiteira
Faveira

%
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The floristic composition of Campo Alegre
[ is characterized by caatinga stand of two
year regrowth. At Campo Alegre II cattle
grazing occurs with selective cutting of
trees for charcoal production. Nogeira has
low density cattle grazing, whereas in
Virginha only goats and sheep graze.
Malva is the most dominant species in
Campo Alegre I, compared to Mameleiro
and Jurema-preta in Campo Alegre II
For Pocinhos, the Jurema-preta species
dominates, followed by Catingueira and
Mameleiro. Jurema-preta is one of the
dominant species at disturbed sites, it dies
out in maturing stands (Hardesty et al,
1988). Catingueira is the most dominant
species in both Nogeira and Virginha.
Three sites have five species over one
meter of height of which Jurema-preta
and/or Catingueira are the most domi-
nant species. However, young Jurema-
preta never appear with mature Cating-
ueira, while young Catingueira trees
occur with mature Jurema-preta and with
other trees. Thus, it can be concluded the
sequence that follows clear cutting, spe-
cies dominate at different phases of
caatinga regrowth, the dominant species
are Malva and/or Mameleiro, Jurema-
preta, and Catingueira despite continuous
human activity.

II. Response and stress toler-
ance of caatinga trees to
various water conditions
better knowledge of response rate

Aand stress tolerance of trees to water

conditions in the tropical semi-arid region

is important to understand the adaptation
of the caatinga trees to their natural
environment. For this purpose, the rela-
tionship between annual growth rate of
trees and water storage and water deficit
are studied. Two hundred and fifty sam-
ples from sixteen tree species were col-
lected at five sites (Pocinhos, Patos, Mos-
soro, Quixada, Petrolina), Figure 1.

Annual tree growth expressed by the
relative ring width to eliminate the influ-
ence such as
topography and soils, on tree growth and
to compare samples with each other, is

expressed as follows:

of micro-environment

Gr = ArlR (1)

Ar: annual tree ring width

R: radius of tree sample
in measured direction
of Ar

(1990)
tionship between tree age and tree radius

Tsuchiya expresses the rela-
as a linear equation throughout the entire
growth period for the two samples of the
most dominant tree species: Jurema-preta
and Caingueira, 20 and 13 years old,
The Thornthwaite

Mather method is employed to calculate

respectively. and
water balance with 50 mm/m as water-
holding capacity of soil (Tsuchiya, 1990).

Water storage and water deficit must be
summed for the period of tree growth
rather than the calendar year or the
water year. Hypertrophic growth is found
once per year in the rainy season, usually
from October to April or May. Thus, the
tree growth year is defined by the period
from appearance of water storage to just

before the next appearance. However, if
water storage is absent throughout a
given year, the next year begins only
when the water deficit recoonds the mini-
mum value in the year.

Fig. 2-1 and 2-2 show two examples of the
relationships between the relative growth
ratio (Gr), the annual water storage (W.),
and the annual water deficit (Wa). These
relationship are expressed by the follow-
ing equations:

= aWs + B 2

Gr=pWd +q (3)

o, B, p, g: parameters

In these equations, the parameters « and
B represent the response rate of trees to
the annual water storage and annual
water deficit, respectively.
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Figure 2-1. Relationship between Gr and Ws, and Wd (Faveira).
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Figure 2-2. Relationship between Gr and Ws, and Wd (Pau-branco).

Table 4. Values of o, p, q, and Tws*.

Local names of trees

Burra-leiteira
Faveira

Aroeira
Jurema-preta
Angico
Cablo-de-negro
Jurema-branca
Pinhao
Catingueira
Pau-branco
Imburana
Sabia

Juca
Pau-de-casca
Espinheiro
Pereiro

Note:

a P q
0.494" -0.082 124
0.389** -0.056* 140
0.336** -0.052* 103
921" ' 003" 141
0.288* -0.049* 98
0332** 0086 203
0258" -0084" 162
0256 -0058" 148
0230 -00S6* 126
0119  -0.049* 85
0104 -0044* 105
0112* -0.041* 123
0068 -0.027* 70
0250 -0.027 73
0133 0022 %
0105° -0.021* 65

**: significant in the 1% level
*: significant in the 5% level

Tws*

1220
1790
1920
1890

1160
1190
1720
1790

2270
2440
3700
3700

Tws® (mm)

4760
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Assuming the magnitude of stress toler-
ance equals water deficit when the rela-
tive growth ration is zero, the stress
tolerance to water deficit (T'ws) is express-
ed by the following equation:
Tws = Wa = |-a/p| (4)
However, the stress tolerance must be
standardized as the relative stress toler-
ance by the common value of q which
corresponds to the magnitude of Gr when
the water deficit is zero. Therefore, if 0.1
mm is adapted for the common value of q,
the relative stress tolerance (Tws+) is ex-
pressed by the following equation:
Tws® = |-q,,/p| (5)
Values of Tws+ for sixteen species are also
shown in Table 4. Next, the relationship
between two independent parameters, «
and Tws is found, Figure 3.

5,000
\-¢-16
I 15
(c)
4,000+
013 {14
3,000+
i (B)
- 120
o011
2,000_ 010 5@ 3
2 & (A)
os 4 Ne2
1
70 06
1.0000 0.1 0.2 03 04 05
@ (mm=-1)

Figure 3. Relationship between a and Tws*".

Note : Numbers in this figure are the same numbers
as inTab. 4.
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Sixteen species are classified into three
groups. These three groups are: Group A
whose tree species have a small stress
tolerance although the response rate is
good, Group B varies little from Group A

ter.

When comparing these results with the
floristic composition of caatinga stands at

five sites, it can be estimated that the

-:never preferred
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dominant species in the primary stage of
plant succession in which pioneer species
are included. The trees of Group C are
dominant species in the mature stage and
the trees of Group B belongs to the

for the stress tolerance, but response rate dominant species transit successively transition stage between Group A and

is large, and Group C, whose response is from Group A to Group B, and from Group Group C.

similar to Group B, but tolerance is grea- B to Group C. The trees of Group A are

I11. Utilization of the caatinga

trees
rees of the caatinga are utilized for a

Tvariety of purposes such as animal

grazing, charcoal production, firewood,

fencing, and medicine. However, a

thoughtless removal of trees often results

in land degradation.

Table 5. Utilization and caatinga trees.
Local name of trees Dietary selection Human Utilization
Fire wood
Cattle  Goats Sheep Lumber Charcoal Bakeries Brick Fencing
Angico ++ ++ ++ - ++ ++ + ++
Arapiraca bt +++ 4+ - ++ + + e
Aroeira + + + = + + & 4
Bolusu + + - - + % +4 s
Brauna + + + - ++ + + o4
Buira-leiteira - = - o 2 . " r
Cablo-de-negro - - - - - - : -
Calumbi 4t +4+ +++ - ++ o ++ +
Carqueijo ++ .t e & 5 & g .
Canafistula ++ - ++ 2 + 3 4 -
Catingueira ++ ++ ++ 5 + % 2 +
Espinheiro e ++ ++ s + % 3 5
Faveira - R ++ ++ 4 2 = &
Imburana (Umburana) ++ ++ ++ - 4 + + +
Joaa-mole “ - = % 2 ” i s
Juazeiro +++ ++4 +44 = " + . _
Juca ++4+ +44 ++4 d ¥ + % g
Jurema-branca et 44 4t g + + o -
Jurema-preta +++ b s 3 + - + +
Mandacaru + + + . ¥ % _ A
Malva +++ e ++ ++ 2 a X 2
Marmeleiro-branco et ++ ++ 3 + ¥ e P
Maria-dura et ++ o+ s - = - &
Mofumbo ++ ++ ++ - = - o .
Mororo +++ +++ +44 - - = - +
Pau-branco + + + & ++ o ++ *
Pau-de-casca * + + - * W =+ ++
Pereiro - - - - + + ++ ot
Pinhao - . = & i 2 o G
Quebra-facao ++ ++4 +4+4 - ++ + + +
Quipa - 2 & : " g 3 n
Rompe-jibao - - - - - v + g
Sao-joao + + = = e + ++ +
Sabia gt et ++4+ = 9 + ¥ ?
Uricud e ++ ++ - : L £ i
Xiquexique + + + * J 4 £ &
Index: Dietary selection Utilization
+++highly preferred ++most utilized
++:somewhat preferred +utilized
+:slightly preferred -:not utilized
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Therefore, sound forest management,
based on a knowledge of the ecological
characteristics of trees, must be practiced
to help sustain the caatinga stand. Re-
sponse rate and stress tolerance of trees
as a function of soil water conditions are
important factors in sustaining caatinga

trees. Partition rates of chemical elements

among trees, soil, and bed rock are also

important to understand the transfer of

nutrients from soil to the trees (Masuda,
et al., 1989). Moreover, greater knowledge
of utilization of caatinga trees aids in

sound forest management.

Dietary selection by grazing animals such

e

as cattle, goats, and sheep as well as the
human utilization of caatinga trees were
surveyed near Petrolina in 1990. More-
over, a survey of firewood utilization for
bakeries was also conducted for both
Campina Grande and Patos in 1988
(Nishizawa et al., 1989).

Table 6. Comparison of three surveys on dietary selection by livestock.

Local Name

Angico

Brauna

Catingueira

Jurema-branca

Jurema-preta

Malva

Mandacaru

Marmeleiro

Pau-branco

Pinhao

Sabia

Xiquexique

Index:

(Hardesty, et al.)

EP:extremaly palatable
P:palatable

Both questionaries and interview surveys
with farmers, and bakery operators were
employed. Table 5 shows dietary selection
by grazing animals as well as human
utilization of thirty six species of caatinga
trees near Petrolina. Seven species, Ara-
piraca, Calumbi, Juazeiro, Juca, Jurema-
preta, and Mororo, are most preferred by
cattle, goats, and sheep. Comparatively,

Name of researcher Dietary selection
Cattle Goats  Sheep
Hardesty, et al.(H)
Nishizawa, et al.(N) ++ ++ ++
Saito, et al.(S) NE NE NE
H
N b + +
S E E NE
H ER EP EP
N ++ ++ ++
S B NE NE
H
N +4++ 44+ +++
S NE E E
H EP EP EP
N +++ +++ +++
S NE = E
H
N +++ ++ ++
S NE E E
H
N + - +
S E NE NE
H
N ++ ++ ++
S ke E E
H P NP NP
N + + +
S
H
N - & -
S NE NE NE
H EP EP
N E +4++ Tt
S E E E
H
N + + +
S e E e
(Nishizawa, et al.) (Saito, et al.)
+++ highly preferred E:edible
++:somewhat preferred NE:nonedible
+:slightly preferred
-:never preferred

seven species, Burra-leiteira, Cablo-de-
negro, Joao-mole, Pereiro, Quipa, and
Rompe-jibao, are nomally rejected by the
same livestock.

Table 6 shows the results of three surveys
on dietary selection by livestock. Hardes-
ty, et al. (1988) surveyed five species at
two sites located in Sobral and Quixada,

37

and Saito, et al. (1988) conducted a survey
of eleven species at Sao Joao do Cariri.

Catingueira is classified as extremely
palatable (EP) and somewhat preferred
(+4) by the three types of animals as
stated by Hardesty et al. and Nishizawa
et al., respectively. However, Saito et al.
identified catingueira as a non-edible tree
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for goats and sheep. In spite of this finding
we observed goats eating very young
foliage of catingueira at Fazenda Vir-
ginha as did cattle at Fazenda Nogeira.
Catingueira is one of the first trees to
produce new leaf growth with the arrival
of seasonal rains, and is the foliage eager-
ly sought by livestock. As the rains begin,
the foliage releases within a few days a
strong purgent smell which livestock find
offensive, and consequently ignore their
leaves until they dry and fall once the dry
season arrives. This characteristic en-
sures that the Catingueira foliage is avail-
able for animal consumption during the
dry season (Hardesty, et al., 1988). Pfeis-
(1986) state that
Catingueira is relatively unpalatable as

ter and Malechek

green foliage. Thus, animal preference of
Catingueira depends on the season. Jure-
ma-preta, one of the most common trees
in the early succession of the caatinga
stand is identified as extremely palatable
(EP) and somewhat preferred by live-
stock. Hardesty et al. and Nishizawa et
al., respectively. However, Saito et al.
identified Jurema-preta as a non-edible
tree for cattle. Marmeleiro is a principle
species preferred by livestock according to
Nishizawa et al., but Pfeister et al. (1986)
states that livestock mainly browse on it
during relatively lesser dry seasons.

In the semi-arid interior of Northeast
Brazil both temporal and spatial varia-
tions in rainfall cause pronounced fluctua-
tions in the quality, quantity, and dis-
tribution of available foliage as well as
changes in the floristic composition with
successive plant stages. Therefore, the
dietary selection by livestock reveals dif-
ferences from place to place and sea-
sonally.

Near Petrolina, seventeen species are
identified as used for charcoal production,
and twenty-one firewood at bakeries,
twenty for firewood at brick and tile
manufactures, seventeen for fencing. Fif-
teen species of caatinga trees are com-
monly used by all of the above, Table 5.

Almost all the bakeries in Campina
Grande and Patos, except three that also
use supplementary electric ovens, use
firewood bake bread. Total consumption
of firewood is approximately six-hundred
tons per month in Campina Grande
(population 300,000) and fifty tons per

month in Patos (population 70,000).

Trees for firewood use by bakeries mainly
consist of two species, Jurema-preta and
Catingueira. There is a little difference in
the composition for firewood of these two

species used by bakeries in Campina
Grande and Patos, Table 7. In Campina
Grande Catingueira is the most dominant
species followed by Jurema-preta. On the
other hand, in Patos, Jurema-preta is
most dominant followed by Catingueira.

Table 7. Tree species for firewood used by bakeries
in Campina Grande and Patos.

Campina Grande Patos
Tree species Frequency % Frequency %
Jurema-preta 51 34 12 33
Catingueira 69 46 10 28
Pereiro 19 13 3 8
Aroeira 4 3 4 1
Juazeiro 3 2 3 8
Other species 3 2 4 1
Almost all bakeries in Campina Grande IV. Deforestation associated

purchase firewood through brokers from
the Cariri region where human popula-
tion is sparse, and thus human impact on
the caatinga stand has been comparative-
ly small. However, bakeries in Patos
purchase firewood directly from fazendas
located near the city, and thus human
impact is relatively greater.

Other species, such as Angico and Calum-
bi, are generally preferred by bakeries in
Petrolina, while Catingueira and Jurema-
preta are also used by the bakeries.
However, there are some differences be-
tween species composition preferred by
bakeries in the region around Petrolina
and the interior of the Paraiba state.

Dominant tree species for firewood used
by bakeries vary also from place to place
as in the case of dietary selection by
livestock. Although fencing materials are
generally changing from wood to concrete,
several types of traditional fences are still
constructed from caatinga trees (Barrows,
1985, Ribaski, 1986).

Many of the trees from the semi-arid
interior of Northeast Brazil are used as
stated above, not all are useful species,
not are they always available in any
region because floristic composition of the
caatinga stand varies as related to a stage
of plant succession and the magnitude of
human impact.
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with increased firewood

consumption and charcoal

production

he utilization of caatinga trees is

becoming increasingly problematic in
Notheast Brazil, especially with the in-
creasing population and changing lifes-
tyles. For example, recently new types of
bread are being introduced, which indi-
cated a change in the traditional dietary
patterns. This change has caused an
increase in the number of bakeries and
of the
caatinga stand for firewood used by the

consequently  deforestation

bakeries has increased.

Along with changes in dietary patterns,
housing construction materials have grad-
ually improved. Even in the rural areas,
houses with mud walls and thatched roofs
are changing to brick walls and tiled roofs.
Therefore, consumption of firewood at
brick and tiles factories has also in-
creased.

More accurate estimates of deforestation
due to firewood and charcoal consumption
are necessary to better understand associ-
ated problems as well as suggesting better
methods of sustainable development and
sound management of the caatinga stand.

The rate of deforestation per month can
be expressed as follows:

Adr = MarlrirsPr (6)

Mar: consumption mass of firewood
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(kg/month)

Pr. mass of trunks and branches
(kg/100km2)

r. utilization rate of trunks and
branches

rs: rate of mass of useful species
for firewood to total mass of
the stand

Further, P; is expressed as follows:

Pr = N(D)Wy(D) (7)

where N(D) is the tree density in a unit of
the stand which is usually expressed by
number of trees with breast height di-
ameter D in 100 m® and Wu«D) is the
weight of the trunks and branches of trees
with breast height diameter D.

Hayashi (1981, 1988) has proposed the
following empirical equations of N(D) and
Wu(D),

N(D) = 217exp.(-0.42D) ®)
Wi(D) = 0.206D22 (9)

Accordingly, total mass of trunks and
branches with the magnitude of D from
D, to D, per 100 m? is calculated with the
following equation:

I N(D)Wt(D)dD

= 44_7f D2zsexp.(-0.42D)dD (10)

Although a diameter of firewood log is
seldom larger than 10 cm, it ranges
roughly from 5 ¢m to 8 cm. Assuming that
D, and D, are 5 cm and 8 cm, respectively,
the total mass is calculated at approx-
imately 690 kg per 100 m* by Equation
(10).

The magnitude of r, and r, in Equation (6)
varies with the floristic composition which
differs by the stage of plant succession
and the magnitude of human impect.

Consequently, assuming further that two
pair of r, and r, are as follows:

in the first pair of parameters
n=06,rs=06
in the second pair of parameters

n=04,rs=04

A, in Equation (6) is expressed as follows:

in the first case

Adr = (1/248)Mar (11)
in the second case
Adr = (1/110)Mar (12)

By substituting the firewood consumption
of 6.0 x 10° kg per month by bakeries in
Campina Grande into Equations (11) and
(12) yield the values of 2.4 x 10° m* per
month and 5.5 x 10° m? per month as Aa,

respectively.

The deforestation area per year is approx-
imately 2.9 km? and 6.6 km? in the first
and second pair of parameters, respec-
tively.

If the consumption of bread per*person for
all of Northeast Brazil, with a population
of about forty million, is assumed to be the
same rate as in Campina Grande, and the
firewood for bakeries is also assumed to be
from the caainga stand, then total defor-
estation area for firewood only from
bakeires would be 312 km?* for the first
parameter and 715 km?* for the second.

The deforestation of caatinga trees caused
by charcoal production is also a great
concern of ours. Deforestation area can be
estimated for charcoal production by em-
ploying the Equation (6), which was also
employed above with firewood for baker-
ies.

Generally, one unit mass of charcoal is
produced from about two unit mass of
freshly cut green caatinga wood (Hayashi,
1988). The Equation (6) for charcoal pro-
duction is then converted to the following:

Adgr = Mat/nirsPr

= 2Mac/nrsPr (13)

where M,. is charcoal production
(kg/year)

The charcoal production is roughly
500,000 tons per year in Northeast Brazil.
Therefore, about 1,000,000 tons of green
wood is consumed for charcoal production.

Employing Equations (11) and (12), the
deforestation area per year is approx-
imately 4,000 km* and 9,000 km? in the
first and second pair of parameters, re-
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spectively.

Caatinga trees are also utilized for fire-
wood for brick and tile factories. Although
no scientific data is available for firewood
use at brick and tile factories, rough
estimates from factory managers suggest
that the area deforestated for brick and
tile production is about 1,000 from 1,500
km? per year.

Combining all of the above uses, the total
deforestation area of caatinga trees
associated with firewood and charcoal
production in the semi-arid interior of
Northeast Brazil is estimated in the range
of 5,300 km* to 11,200 km* per year.

V.Conclusions and a proposal

he response rate and stress tolerance,
Twhich indicate the adaptabilities of
caatinga trees to the semi-arid interior,
are calssified from the measurements of
tree growth of 16 plant species. Moreover,
the characteristics of their adaptabilities
are classified into three tree groups, A, B,
and C as associated with plant succession
after clear-cutting.

Trees for animal grazing and human
utilization are found not only in the
mature stage (Group C) of plant succes-
sion, but also in the primary stage (Group
A) and the transitional stage (Group B).
Trees belonging to Group A, such as
Aroeira and Jurema-preta, require about
fifteen years to reach maturity. There two
tree species, plus others, reach sufficient
size for firewood and charcoal production
in less than ten years. Trees in Group B
normally have sufficient growth for fire-
wood and charcoal production within fif-
teen years.

The area covered by the potential
caatinga stand is about 930,000 km?. It is
assumed today that only about one-fourth
of the potential caatinga stand still re-
mains. Therefore, an area of about
230,000 km? is still available for firewood
and charcoal production.

As stated above, the most useful caatinga
trees provide sufficient firewood and char-
coal production for a continuous recycling
period of fifteen years. Thus, continual
use of the caatinga stand allows for
regrowth of trees, if careful forest reha-
bilitation programs are implemented.
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Moreover, it is possible to supply about
400,000 tons of charcoal from the caatinga
area than is presently consumed. In view
of Amazonian deforestation, as for exam-
ple in Carajas, this potential supply of
charcoal from the Northeast could be
utilized at the iron factories instead of
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from the rain forest of Amazonia. Nat-
urally, areas need to be preserved for bio-
diversity, and over-exploitation and mis-
management of forests must be avoided in
both
plementary relationship of geographical

regions. Moreover, the com-

characteristics in two or more regions,
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Appendix

Local and scientific names of caatinga trees.

. Angico Anadenanthera macrocarpa Brenth

2 Arapiraca Pithecollobirum foliolosum Benth.

3 Aroeira Astronium urundeuva Engl.

4 Bolusu (unknown)

5 Brauna Schinopsis brasiliensis Engl.

6 Burra-leiteira Sapium cicatricosum Pax et K. Hoffm.

0 Cablo-de-negro (unknown)

8 Calumbi Mimosa malacocentra Mart.

9 Carqueijo Calliandra depauperata Benth.

10 Canafistula Cassia excelsa Schrad.

11 Catingueira Caesalpinia pyramidalis Tul.

12  Espinheiro Piptadenia viridiflora Benth.

13 Faveira Cnidoscolus phyllacanthus Muell. Arg. Pax et Hoff.

14 Imburana Bursera leptophloeos Mart.
(Umburana)

15  Joao-mole (unknown)

16  Juazeiro Ziziphus joazeiro Mart.

3Ly e Caesalpinia ferrlea Mart. ex Tul.

18  Jurema-branca Piptadenia stipulacea Ducke

19 Jurema-preta Mimosa hostilis Benth.

20 Mandacaru Cereus jamacaru DC.

21 Malva Gaya aurea St. Hil

22 Marmeleiro-branco  Croton argirophylloides Muell. Arg.

23 Maria-dura (unknown)

24  Mofumbo Combretum leprosum Mart. et Eichi.

25 Moror6 Bauhinia cheilantha Steud.

26 Pau-branco Fraunhofera multiflora Mart.

27 Pau-de-casca Tabebuia spongiosa Rizzini

28 Pereiro Aspidosperma pyrifolium Mart.

29 Pinhao Jatropha mutabilis Baill.

30 Quebra-facao Phisocalymma scaberrimum Pohl

31 Quipa Opuntia palmadora Br. et Rose

32  Rompe-jibao Erythroxylum sp.

33 Sao-joao Cassia excelsa Schrad.

34 Sobia Mimosa caesalpiniifolia Benth.

35 Uricuri Cocos coronata Mart.

36  Xiquexique Pilosocereus gounellei Byl. et Rowl.
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