Evaluation of
the costs and benefits of
household energy
and health interventions at
global and regional levels

N, World Health
2 Organization







Guy Hutton
Swiss Tropical Institute

Eva Rehfuess
World Health Organization

Fabrizio Tediosi
Swiss Tropical Institute

Svenja Weiss
Swiss Tropical Institute

{ P! ), World Health
)
NS uOrganlzatlon

L



WHO Library Cataloguing-in-Publication Data

Evaluation of the costs and benefits of household energy and health interventions at global and regional
levels / Guy Hutton ... [et al.].

1.Air pollution, Indoor. 2.Fuels. 3.Environmental health. 4.Cost-benefit analysis. 5.Developing
countries. I.Hutton, Guy. I1.World Health Organization.

ISBN 92 4 159479 9 (NLM classification: WA 754)
ISBN 978 92 4 159479 0

© World Health Organization 2006

All rights reserved. Publications of the World Health Organization can be obtained from WHO Press, World Health
Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; fax: +41 22 791 4857; e-mail:
bookorders@who.int). Requests for permission to reproduce or translate WHO publications — whether for sale or for
noncommercial distribution — should be addressed to WHO Press, at the above address (fax: +41 22 791 4806; e-mail:
permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the expression of any
opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory,
city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps rep-
resent approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or rec-
ommended by the World Health Organization in preference to others of a similar nature that are not mentioned. Errors
and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the information contained in
this publication. However, the published material is being distributed without warranty of any kind, either expressed
or implied. The responsibility for the interpretation and use of the material lies with the reader. In no event shall the
World Health Organization be liable for damages arising from its use.

The named authors alone are responsible for the views expressed in this publication.

Designed by minimum graphics.
Printed in Switzerland.



Acknowledgements

Abbreviations

Foreword

Executive summary
1. Introduction
2. Methods

21
2.2
2.3
24
2.5

2.6
2.7

2.8

29

2.10

211

Cost-benefit framework

Interventions modelled

Time horizon and population targeted

Costs and benefits included

Intervention costs

2.51 Overview

2.5.2 Stove costs

2.5.3 Fueluse

2.54 Fuel prices

2.5.5 Stove efficiency

Health benefits of reductions in exposure to indoor air pollution
Health-care cost savings related to health impact
2.71 Overview

2.7.2  Acute lower respiratory infections

2.7.3 Chronic obstructive pulmonary disease
2.74 Lung cancer

2.7.5 Patient costs

Economic benefits due to improved health
2.8.1 Value of days of illness saved

2.8.2 Morbidity

2.8.3 Mortality

Time savings

29.1 Fuel-collection time

294 Cooking time

Environmental benefits

2.10.1 Local environmental benefits

2.10.2 Global environmental benefits
Sensitivity analysis

vii

O 1 U1 U1 Ul

10
10
11
12
13
14
14
16
16
16
17
18
18
18
18
20
20
20
20
21
21
21
22
25



3. Results

3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9

Overall cost—benefit results

Population targeted

Intervention costs

Health-care cost savings

Time savings

Health-related productivity gains
Environmental benefits

Contribution to overall economic benefits
Sensitivity analysis

4. Discussion and conclusions

41 Interpretation of results
4.2 Uncertainty and the need for further research
4.3 Policyissues

References

Annex Tables
Annex Tables A. Data inputs

Annex Tables A1. WHO-CHOICE data

Annex Tables A2. Stove costs

Annex Tables A3. Raw fuel-consumption data

Annex Tables A4. Consolidated fuel-consumption data
Annex Tables A5. Fuel prices

Annex Tables A6. Disease cases and deaths attributable to indoor air pollution

Annex Tables A7. Health economic and health system variables
Annex Tables A8. Productivity gain data

Annex Tables A9. Firewood-collection times

Annex Tables A10. Environmental variables

Annex Tables B. Detailed results of interventions II, V, VI, VII, VIII

Annex Tables B1. Population targeted

Annex Tables B2. Intervention costs

Annex Tables B3. Health-care cost savings

Annex Tables B4. Time savings

Annex Tables B5. Health-related productivity gains

Annex Tables B6. Environmental benefits

Annex Tables B7. Overall cost—benefit results

Annex Tables B8. Contribution to overall economic benefits

Annex Tables C. Sensitivity analysis results at 50% coverage of intervention

26
26
30
31
33
33
37
40
40
44
47
47
48
49
52
57
57
57
58
60
62
64
66
67
70
71
72
74
74
76
77
79
81
84
86
38
91



e are indebted to many people for their assistance with this study. The following experts were con-
sulted, and provided data and comments on previous drafts. However, the methodology does not

Doug Barnes, World Bank

Liz Bates, Practical Action

Michel Beusenberg, Measurement and Health
Information Systems, WHO

Sophie Bonjour, Public Health and Environ-
ment, WHO

Nigel Bruce, University of Liverpool, England
Sonia Buist, Oregon Health and Science Uni-
versity, United States

John Cameron, University of East Anglia, Eng-
land

Elizabeth Cecelski, ENERGIA

Stuart Conway, Trees, Water and People
Carlos Corvalan, Public Health and Environ-
ment, WHO

Laura Cozzi, International Energy Agency
Soma Dutta, ENERGIA, India

Lisa Feldmann, GTZ, Germany

Fiona Gore, Public Health and Environment,
WHO

Helga Habermehl, GTZ, Germany

Ron Halbert, Cerner Health Insights, United
States

Mie Inoue, Measurement and Health Informa-
tion Systems, WHO

Matlis Kees, GTZ, Germany

Thierry Lambrechts, Child and Adolescent
Health and Development, WHO

Nordica MacCarty, Aprovecho Research
Center, United States

Ian Magrath, International Network for Cancer
Treatment and Research, Institut Pasteur, Brus-
sels, Belgium

David Mannino, University of Kentucky School
of Medicine, Lexington, United States

Eva Mantzouranis, Chronic Diseases and
Health Promotion, WHO

necessarily reflect the views of the reviewers, and responsibility for the study remains with the authors.

Mike Mason, Climate Care, Oxford, England
Colin Mathers, Measurement and Health Infor-
mation Systems, WHO

Emma McColm, Trees, Water and People

Sumi Mehta, Health Effects Institute, United
States

Lasten Mika, Practical Action, Zimbabwe

Tom Morton, Climate Care, Oxford, England
Nirmala Naidoo, Measurement and Health
Information Systems, WHO

Salah-Eddine Ottmani, Stop TB, WHO
Margie Peden, Violence and Injury Prevention,
WHO

Rogelio Perez-Padilla, Instituto Nacional de
Enfermedades Respiratorias, Mexico

Annette Priiss-Ustiin, Public Health and Envi-
ronment, WHO

Shamim Qazi, Child and Adolescent Health
and Development, WHO

Pierre Quiblier, United Nations Environment
Programme

Jonathan Samet, Johns Hopkins University,
United States

Robert Scherpbier, Child and Adolescent
Health and Development, WHO

Ian Scott, Violence and Injury Prevention,
WHO

Kirk Smith, University of California at Berkeley,
United States

Karin Stenberg, Child and Adolescent Health
and Development, WHO

Dean Still, Aprovecho Research Center, United
States

Harry Stokes, The Stokes Consulting Group
Tessa Tan-Torres, Health Systems Financing,
WHO



Andreas Ullrich, Chronic Diseases and Health
Promotion, WHO

Rajarathnam Uma, The Energy and Resources
Institute, India

Evangelia Tzala, Imperial College London,
England

Giovanni Viegi, Institute of Clinical Physiology
of the National Research Council, Pisa, Italy

Martin Weber, Child and Adolescent Health
and Development, WHO

Johanna Wickstrom, World Liquefied Petro-
leum Gas Association

Array Satya Ranjan Saha, Practical Action,
Bangladesh

This publication was copy-edited by Susan Kaplan. Photographs on the cover were kindly provided by

Nigel Bruce/Practical Action.

This cost-benefit analysis and the underlying methodological work was made possible by the generous
support of the United States Agency for International Development.

MR EER, FeR RS HHEA 4RI T :

https://www.yunbaogao.cn/report/index/report?reportld=5 29842




