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Preface

Decades of research have shown that Indoor Air Pollution (IAP), resulting from household cooking and
heating, using low quality fuels and poorly ventilated stoves, is responsible for an array of respiratory-
related and other diseases. In 2002, the World Health Organization (WHO) reported that, in developing
countries, IAP is the fourth leading cause of death and burden of disease, surpassed only by malnutrition,
unsafe sex and lack of safe water and appropriate sanitation. Families in poor rural areas are
disproportionately affected as they typically lack the resources and opportunity to access cleaner, more

efficient fuels and appliances.

While household energy use behavior varies around the world, one common feature remains: In most
societies, women are responsible for cooking. Because they usually have primary responsibility for child
care as well, children and infants also may spend several hours a day inhaling harmful pollutants and
are at risk of burns from hot stoves. In colder climates, such as northern China — where heating is
essential throughout a significant portion of the year — the picture of energy use and IAP exposure is

more complex.

IAP and energy use patterns relate broadly to many of the UN Millennium Development Goals (MDGs).
Reduced exposure to IAP contributes to improving women'’s and children’s health (Goals 4 and 5). It can
reduce poverty (Goal 1) by enabling healthier populations to participate in economic activities.

In addition, transitioning to more efficient household cooking and heating practices can empower
women, by freeing up their time (now spent collecting fuel) for human development activities (Goal 3); it
can also allow more children, especially girls, to attend school (Goal 2). Moreover, switching to cleaner
fuels and alternative cooking and heating patterns can reduce pressure on forests and allow crop

residues (commonly burned for heating) to be used more efficiently as fertilizer (Goal 7).

Despite global recognition of IAP’s enormous relevance to international development and global health,
identifying the most effective ways to tackle the problem has proved daunting. Recent advances in
infervention science — spanning a wide range of disciplines, from engineering to epidemiology and the
social sciences — can help to fill the gap between advocacy and action. Yet, no intervention program can
be sustained if it fails to take into account the social and physical complexities of household energy use
and fuel combustion. We believe a comprehensive approach which brings together the concerns of
multiple sectors is eventually needed for successful mitigation. To this end, World Bank, in cooperation
with China’s Ministry of Health and the Chinese Center for Disease Control and Prevention (China CDC)
initiated in 2002 the project Sustainable and Efficient Energy Use to Alleviate Indoor Air Pollution in Poor
Rural Areas of China. This multisectoral project drew on international IAP research and experience of

the past two decades, taking stock of programs implemented in China and elsewhere.

vii
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The study aimed to test the viability of behavioral (health education) and technological (improved

stoves and better ventilation) solutions to mitigate IAP in poor rural areas of China under real life
implementation conditions. The central tenet was a multisectoral approach, incorporating concerns from
the fields of health, energy, environment, education and poverty reduction. We hope that the lessons
from this project will motivate research, policy and program responses in China and elsewhere toward

large-scale, sustainable improvement in environmental, health and socioeconomic outcomes of
household energy use.

Enis Barig Maijid Ezzati
Senior Public Health Specialist Associate Professor

World Bank Harvard School of Public Health
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Executive Summary

For more than half of the world’s population,
solid fuels (coal and biomass) provide the
primary source of domestic energy. Their
incomplete combustion, using poorly ventilated
heating and cooking stoves, emits hundreds of
health- damaging pollutants. IAP from cooking
and heating is a serious health hazard
throughout the developing world, especially in
poor rural areas; |IAP has been identified as a
cause of a range of respiratory and other
diseases. In 2000, IAP from household burning
of coal and biomass resulted in more than 1.6
million deaths, nearly 3 percent of the global

burden of disease.

Inefficient fuel use exacerbates energy wastage
and environmental problems; moreover,
fuel-gathering, traditionally borne by women, is a
time consuming and laborious task. Substantial
welfare gains at all levels (nationally, regionally
and globally) can result from helping developing
nations to improve appropriate use of solid fuels
while reducing, at the same time, IAP and its

health-related costs.
Rural China Context

China's large rural population — more than 900
million residents — suffers extensively from the ill
health effects of exposure to IAR! exacerbated by

the growing use of contaminated coal.

The country’s energy transition to cleaner fuels
is slow. Today, biomass accounts for 55 percent
of rural energy use, while coal represents a
growing share of 34 percent (14 percent
higher than in 1990). In rural areas, energy
consumption is accelerating sharply because of
increased use of solid fuels, notably coal.

Since electricity accounts for only 6 percent of
the total rural energy consumption, these data
suggest that most of the increased consumption is
for heating and cooking. If so, exposure to IAP
may be worsening, despite new technologies and

government-supported stove interventions.

Data regarding interventions around the world and
in China are generally inadequate for designing
effective and sustainable reductions in IAR Most past
inferventions were designed to conserve energy;
reducing exposure to airborne pollutants and
improved health were not the primary concerns.
Where they focused more on health effects, the
interventions were often implemented in artificial
seftings divorced from rural realities. Thus,
epidemiological, toxicological, and, mostimportantly,
infervention research on the health effects of IAP from
solid fuels is at a relatively early stage. A stronger
foundation of knowledge is needed to design
appropriate inferventions which simultaneously address
energy conservation, health and environmental

concerns, both affordably and sustainably.

!'In 2004, based on the 2000 census, China’s National Bureau of Statistics cited 69 percent of the population, or about 900.6 million, as rural.

xiii
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Concentration of pollutants at locations inside the
house depends on energy technology (stove-fuel
combination), house design (for example,

house size and construction materials, room
arrangement and number of windows) and stove
use behavior (for example, whether fuel is dried
before combustion). In addition to pollution levels,
exposure depends on fime activity budgets of
household members (for example, time spent
inside or near the stove and direct participation

in cooking tasks) and alternative food drying
techniques. In short, IAP exposure can be reduced
using a wide array of technological, housing and

behavioral interventions.
Project Summary

The World Bank, in cooperation with China’s
Ministry of Health and the China CDC in 2002,
initiated the project “Sustainable and Efficient
Energy Use to Alleviate Indoor Air Pollution in
Poor Rural Areas of China.” The project tested
affordable household energy interventions
designed to reduce IAP exposure. To the best of
our knowledge, this study represents the first
community-based intervention trial to have tested
the combined effect of technological and
behavioral IAP interventions, and their
implementation in rural settings. Study design
features and measurement instruments were
selected or developed so that project results would
be useful to energy and IAP health specialists and
encourage policy makers and other stakeholders
to be more proactive in proposing polices or
implementing large-scale programs to effectively
address IAP and its health effects.

It was anticipated that success in reducing IAP in
these provinces would lead to significant
improvements in the health of their rural
populations, especially women and children,
who typically are most exposed to the indoor
household environment. The principal expected
outcome was better understanding of how
location-specific factors and considerations

xiv

should be accounted for while designing and

implementing IAP interventions.

The project was implemented in four provinces:
Gansu, Guizhou, Inner Mongolia and Shaanxi.

In at least two of these provinces, winter conditions
are harsh. Household characteristics in the study
areas portray rural populations living in
considerable poverty, as reflected by low family
incomes, illiteracy and other disadvantages.
Despite rapid economic growth in the provinces,
rudimentary household energy methods and
practices in rural areas are a legacy of China’s
poverty and lack of capacity to handle such
problems as IAP, even if informed of the health
risks. Lack, or perceived lack, of affordable
alternatives necessitates use of low combustion
solid fuels and inefficient heating and

cooking stoves.

The study measurements focused on documenting
reductions in three indoor air pollutants: respirable
particles, carbon monoxide (CO) and Sulfur
Dioxide (SO,). Baseline data were collected to
provide an understanding of the day to day,
seasonal and spatial variations in pollution. The
technological, housing and behavioral
determinants of exposure were also documented.
This information was used to design the IAP
inferventions and provide the basis for evaluating
their effectiveness. In addition, surveys were
conducted on IAP-related knowledge and behavior
and selected health indicators for women and
children in the study households. The household
energy use interventions were of two types:

1) alternative stove technology (including
improved ventilation systems; and 2) health
education and behavioral activities. In each
case, the interventions were tailored to fit

location-specific conditions.

Approximately, 500 households were

selected from each of the 11 townships on a
quasi-experimental community trial basis, for a
total of 5,500 households. These households were
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then divided into three groups: stove plus
behavioral intervention (S + B), behavioral
intervention (B) and control (C). In the case of
Inner Mongolia, only two groups were formed

(B and C). Baseline data for all three sets of
groups, collected through surveys and testing,
provided the background against which to evaluate
the energy, IAP and health-related effects resulting
from the project interventions. Comparison of
results for S + B and B against changes in the
same indicators for C, where no interventions
were conducted, provided estimates of the relative
effectiveness of the various interventions,
abstracting from exogenous trends (for example,
temperature changes and energy prices) affecting

household energy use in rural China.

The interventions took into account the energy
needs for cooking and heating, housing
characteristics, fuel use and such sociocultural
factors as food types and storage methods.
Between March and October 2004, alternative
stoves were designed and tested for efficiency
under both controlled conditions and actual
household use to assess the role of user behavior
in stove performance. Health education and
behavioral interventions, including dissemination of
educational materials through village discussion
groups and visits to model homes, were also

implemented in the project areas.

Post-intervention data were collected approximately
one year after the stove technology and behavioral
interventions were completed. Between December
2004 and April 2005, indoor levels of Particulate
Matter (PM,), CO, and SO, were again measured
using methods identical to those employed to collect
the baseline data. Follow-up surveys were also
conducted on the efficiency of household energy
use, knowledge of the IAP health risk, behavioral

changes and IAP-related health indicators.

Analysis of the baseline and post-intervention data
demonstrates relatively consistent evidence that

stove interventions had IAP reduction benefits

when heating was the main energy use.

The evidence for cooking stove interventions was
less consistent. Fuel consumption for heating
(versus cooking) is generally more stable and less
intense when compared with cooking stoves.
Therefore, the indoor air quality benefits of
heating stoves are less susceptible to compromise
from stove-handling behavior if the combustion is
well separated from the living and sleeping areas
and/or smoke is ventilated outdoors. The results
of cooking stove interventions were more mixed
because users tend to modify combustion
patterns more regularly when cooking. To better
succeed, cooking stove interventions require
greater modification of user behavior or stoves
which are robust to these behaviors.

Introduction of alternative stove-handling
behaviors, as part of the health education
program, led to increased IAP-related knowledge
and changes in specific behavioral indicators
based on self-reported data. With regard to indoor
air quality, however, no measurable IAP benefits
resulted from health education and behavioral
interventions alone, that is, without alternative
stoves. These findings may reflect that

people’s behavior with regard to cooking and
heating — activities central to daily life — may be
little affected by their knowledge and concerns
about long-term health outcomes, especially
where infrastructure and household economic
status limit opportunities for switching fuels and
stoves. They may also reveal the need to improve
the design of behavioral interventions. In more
comprehensive interventions, health education can
play a key role in encouraging the uptake and use
of new technologies (for example, cleaner fuels and
stoves) and reducing IAP exposure through specific
routes (for example, bioaccumulation of Fluorine (F)

in food dried over fire).
What Interventions are Needed?

China's early stove interventions of the 80s and

early 90s were motivated largely by energy
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conservation to reduce biomass use and its effects
on land degradation and deforestation. There was
also a shift toward greater consumption of coal for
heating. It is only relatively recently that the health
dimensions of household energy use interventions
have been documented and used as input in

designing and marketing new technologies.

There have been some advances in energy
generation in China, supported in recent years by
global warming concerns and the sharp rise in oll
prices. In the last two decades, China has
demonstrated some commitment to Renewable
Energy (RE) sources, as well as cleaner energies
(including the conversion of solid fuels to clean
liquid and gaseous fuels suitable for cooking and
heating). But the need for interventions in poor
rural areas is immediate; it requires using all
available options, including cleaner fuels, more
efficient combustion technologies and fuel
alterations. As biomass energy technologies
continue to advance, it may be advisable for China
to encourage rural areas to rely more heavily on
renewable biomass energy rather than coal. The
encouragement may need little prompting if the
price of biomass gasified stoves falls sharply, which
movement along the “experience curve” would
likely allow. But increased biomass use would need
to be accompanied by careful land management
and land tenure initiatives.

Developing and Scaling up Interventions

International experience offers useful lessons.
Market-based mechanisms are likely to be
important for long-term sustainability and
efficiency of inferventions; yet, there are clear
areas for public sector investment both to create
and promote better technologies, and to deliver
these technologies to the poorest households.

A clear area in the need of investment is research
on and development of new technological options,
assisting producers and distributors in moving
along the “experience curve” for such
technologies. Such options as cleaner coal (with
lower Arsenic (As) and F concentrations) and
improved stoves will be difficult to sustain without a
marketing and delivery system which facilitates
household access. As the poorest communities will
continue to have the least ability to pay, most
alternative household energy technologies
mitigating IAP will not be marketable, and will
therefore continue to require donor or
government inferventions. Even so, government-
supported interventions may not be sustainable in
the long run. Also critical are appropriately
designed market interventions (involving the
participation of the commercial fuel and stove
sector), which have a chance of uptake after

public interventions come to an end.

The options for promoting sustainable introduction
of clean energy technologies are closely tied to
developing countries’ capacity for energy
research, development, demonstration and
deployment.? Paucity of training venues,
technology and information exchange, and
technology standards exacerbate the perennial
challenge of funding. In addition, microcredit o
foster locally-designed and implemented
commercialization efforts is systematically lacking.
Moreover, research is lacking on the relationship
between renewable energy projects and the
socioeconomic contexts in which they are
embedded. Overcoming market failures cannot
be resolved by private enterprises alone. Scaling
up and improving the sustainability of interventions
require better assessment of the supply and

demand for alternative energy technologies, and

2 For more details, see Kammen, D.M., R. Bailis and A. Herzog. 2002. Clean Energy for Development and Economic Growth: Biomass and Other
Renewable Energy Options to Meet Energy and Development Needs in Poor Nations. Policy Discussion Paper, ESDG. New York: United Nations
Development Programme (UNDP), and Ezzati, M., R. Bailis, D.M. Kammen, T. Holloway, L. Price, L.A. Cifuentes, B. Barnes, A. Chaurey and
K.N. Dhanapala. 2004. “Energy Management and Global Health.” Annual Review of Environment and Resources 29: 383-419.
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evaluation of the policies and programs that can
optimally increase intervention coverage with a

high degree of community effectiveness.

To this end, the public sector plays an important
role in supporting Research and Development
(R&D) of household energy use alternatives;
introducing infrastructure and financial incentives
which support the dissemination of new energy
technologies; and education, training and
awareness-raising activities. Rural residents’

continued reliance on rudimentary stove and

ventilation systems, despite the pervasiveness of
IAP and greater household awareness of its
health risks, calls for microcredit and other
incentives to induce demand for new household
energy technologies. These are all important
considerations for high quality and
comprehensive (and almost certainly
intersectoral) programs on IAP interventions
which go beyond raising concern and aim to
alleviate a major cause of mortality and
morbidity in poor rural areas of China and

other developing countries.






1. Introduction

Fei Yu, Zuzana Boehmova, Enis Baris and Maijid Ezzati

Indoor Air Pollution (IAP), resulting from the use
of solid fuels in poorly ventilated heating and
cooking stoves, is a serious health hazard in
developing countries, increasing the occurrence
of a range of respiratory and other diseases.
Inefficient fuel use exacerbates the energy
wastage and environmental problems;
moreover, fuel-gathering is a time-consuming
and laborious task traditionally borne by
women. Substantial welfare gains at all levels
(nationally, regionally and globally) can result
from helping developing nations to reduce IAP
and its health-related costs.

In this spirit, World Bank, in 2002, initiated a
project in China to test affordable household
energy interventions (improved stoves with
better ventilation, health education and
behavioral changes) designed to substantially
reduce IAP and exposure to it.® The project
was implemented in four provinces (Gansu,
Guizhou, Inner Mongolia and Shaanxi) where
rural poverty is still widespread. This Chapter
explains why addressing IAP in rural China is of
urgent importance. It intfroduces the nexus of

household energy use and health, along with

the complex environmental, technological and
behavioral issues which must be factored into

while designing sustainable solutions.
Rural Household Energy and IAP

Globally, nearly 3 billion people rely on solid
fuels (biomass and coal) as their primary
source of domestic energy. In many developing
countries, biomass (wood, charcoal, crop
residues and dung) accounts for more than

50 percent of energy consumption and as much
as 90 percent in some lower-income ones.
Evidence from certain countries indicates that
the declining trend of household dependence
on biomass has slowed, or even reversed,
especially among poorer households (Ezzati et
al., 2004). Estimated household reliance on
solid fuels is heaviest in Africa, South

and South-East Asia and the Western

Pacific (Figure 1.1).

Heavy reliance by rural households on
inefficient solid fuels for heating and cooking

results in high emission levels of Carbon
Monoxide (CO)* and Particulate Matter (PM)®

3 The project builds on World Bank-supported Comprehensive Maternal and Child Health VI Project, which succeeded in significantly reducing
infant, child and maternal mortality rates in the project provinces. It also led to the observation that Indoor Air Pollution (IAP) was a major source

of ill health among the rural poor.

4 CO is an odorless, colorless toxic gas. At lower levels of exposure, CO causes symptoms which include headache, dizziness, disorientation,

nausea and fatigue. At higher concentrations, CO poisoning is fatal.

5 PM is the sum of all solid and liquid particles suspended in air when fuel is burned, many of which are hazardous. High concentrations and
specific types of particles have been found to present a serious risk to human health. Of greatest concern are particles small enough to be
inhaled into the deepest parts of the lung; these include PM,  (aerodynamic diameter less than 10 microns) and even finer ones, known as PM,

(aerodynamic diameter less than 2.5 microns).
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Figure 1.1: Estimated Household Reliance on Solid Fuels by Country, 2000
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Note: Solid patterns represent countries for which estimates are based on model predictions.

Source: Smith et al. 2004.

can buy specific fuels if they choose to do so.
Liquid fuels, notably Liquefied Petroleum Gas
(LPG) and kerosene, are usually more

expensive than solid fuels, require more costly

(Figure 1.2). The main explanations for such
heavy reliance are affordability (of fuel and/or
start-up cost for stove) as well as energy
infrastructure which determines whether people

Figure 1.2: Household-level Emissions by Fuel -type (per meal)
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Note: Health-damaging pollutants per unit energy delivered: ratio of emissions to Liquefied Petroleum Gas(LPG) (data from K. Smith et al. 2000).
Values are shown as Grams Per Megajoule of Energy Delivered to the Cooking Pot (g/MJ-d).

Source: Smith, Rogers and Cowlin 2005.
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stoves and harder to obtain for people in rural
areas or urban slums. Indeed, many forms of
biomass are traditionally collected on an
individual, noncommercial basis. As Figure 1.3
demonstrates, the relationship between income
and reliance on solid fuels is strongly

dependent on region.

But the transition to cleaner fuels with increasing
incomes should not be interpreted as deterministic.
Other factors, including alternative consumer
desires, may be equally or more important than
cleaner fuels. Further the energy options with
increasing wealth and income vary: for example,
a household may decide to consume more energy,
switch to another form of energy or source of
access, or use a mix of energy sources.

The choice may be influenced by cultural context,
energy infrastructure and policy considerations
(Ezzati et al. 2004).

Figure 1.3:Relationship between Income and Solid Fuel Use

120 7

Percentage of Households Using Solid fuels

AFR-D

AFR-E AMR-B AMR-D

Rural China Context

Across China, residential energy
consumption varies widely, reflecting
differing access to energy sources, prices,
climate, income and urbanization levels
(Jiang and O’Neill 2004). Rural household
consumption accounts for about 25 percent
of the total national energy use (Wang and
Feng 2001). From 1980 to 2004, rural
household energy use per capita increased
about 60 percent. Over this period, the
composition of energy sources changed
dramatically. The share from biomass fell
nearly 30 percent (from 84 percent to
slightly more than 55 percent), while

that from coal increased 20 percent

(from only 14 percent to 34 percent)
(Table 1.1).6

W <US$1 per day
B US$1-2 per day
[ >US$2 per day

EMR-D SEAR-D WPR-B

Global Burden of Disease (Mortality) Subregions

Note: Abbreviations indicate WHO subregions: AFR = Africa, AMR = Americas, EMR = Eastern Mediterranean, SEAR = South-East Asia and
WPR = Western Pacific. Corresponding letters (after each subregion) indicate mortality strata: B = low child mortality and low adult mortality,
D = high child mortality and high adult mortality, E = high child mortality and very high adult mortality (WHO 2002).

Source: Blakely et al. 2003.

6 The annual National Rural Household Survey, which included information on biomass energy use, was discontinued in 2000; data on biomass use
provided by the Ministry of Agriculture provide rough estimates of magnitudes and trends.
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Over the past 25 years, rural Chinese households
have transitioned toward commercial fuels (Figure
1.4). During the 80s, use of both biomass and
commercial energy increased (the latter more
rapidly than the former). During the 90s, rural use
of biomass was relatively stable; only the highest
household income group reduced use significantly
(Jiang and O’Neill 2004). Use of agricultural
residues (straw and stalk) remained constant, while
fuelwood use declined because of restricted access

to mountains and other reforestation measures.

Over the 1998-2004 period, rural energy
consumption increased sharply. Data for 2004 show
absolute and per capita increases of 31 and 28
percent respectively; straw, fuelwood and coal
accounted for more than 90 percent of increased

use. Fuelwood use increased 43 percent over the

1998 level, accounting for 25 percent of the

rural energy supply in 2004; straw accounted

for 30 percent. In total, biomass accounted for

55 percent of the rural energy supply, compared to

34 percent for coal (Table 1.1).

That the burning of solid fuels represented
more than 90 percent of increased consumption
over the period suggests that most of the
increase was for heating and cooking.” A sharp
increase in electricity consumption would have
suggested increased use of consumer durables
(for example, refrigerators or television sets);
but, as Figure 1.4 illustrates, electricity
contributed only marginally to meeting the
surge in rural energy demand. The nature of
increased demand thus indicates the likelihood

of substantially greater exposure to |IAP®

Table 1.1: Rural Household Consumption by Energy Source, for Selected Years (percent)

Energy Share (%)

Energy Source 1980 1990 1998 2004

Total Biomass 84.3 77.4 56.7 55.5
Fuelwood 39.6 36.3 23.0 25.1
Straw and Crop Residues 44.7 41.1 33.7 304

Total Commercial 15.7 22.6 43.3 44.5
Coxl 14.2 20.1 320 34.0
Electricity 1.0 2.2 8.1 6.0
LPG + 0.5 0.3 3.2 45

Rural Household Consumption

per capita (Kgce)* 329.0 380.8 414.0 529.3

*Kilogram Coal Equivalent (Standard Coal Equivalent).

Sources: Transportation and Energy Department, National Planning Committee of China; China Department of Agriculture, Technology and

Education Office.

7 An additional reason could have been better reporting of data.

8 It should be noted that this data is limited to rural household-energy use (rural industry is not included); thus, further research is needed.
Preparations are under way to implement the China Residential Energy Consumption Survey Il (C-RECS Il). The aim is fo use data from this
fuel-scale survey to improve China’s energy consumption statistics and provide input fo the standards-setting process for household appliances to
create reference year data on which future China Residential Energy Consumption Survey (C-RECS) surveys can be built. Survey content would be
adapted and expanded from the smaller C-RECS-I survey conducted in 1999, which was limited to urban households. The survey has been jointly
planned and conducted by China’s National Bureau of Statistics; Lawrence Berkeley National Laboratory; Institute of Geographical Sciences and
Natural Resources Research, Chinese Academy of Sciences; and Technical Economic and Energy System Analysis Group, Tsinghua University.
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Figure 1.4: China’s Rural Household Transition in Energy Consumption, 1979-98
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Note: Data are from the 1999 National Rural Household Survey conducted by the China Rural Socioeconomic Survey Division, State Statistical Bureau.

Source: Jiang and ONeill 2004.

Regional differences in rural household energy
consumption reflect resource availability and
climatic conditions. Reliance on biomass ranges
from a high of 83 percent in North-East China to
a low of 57 percent in North China. Provinces
with extensive coal deposits (Guizhou, Hebei,
Ningxia, Shanxi, Xingjiang and Yunnan) rely
heavily on coal (Jiang and O’Neill 2004). The
recent increase in the number of coal mines and
the low price of coal, together with restrictions on
wood gathering, have encouraged households to
switch from biomass to coal. Households
proximate to urban areas (Beijing, Shanghai and
Tianjin) rely more heavily on electricity.

Northern provinces use more energy than
southern ones, reflecting colder weather
conditions. (Air conditioning is not yet prevalent in
rural areas.) It is noteworthy that 98 percent of
households have electricity;? yet, in rural areas,
electricity accounts for only 6 percent of total

energy use (primarily for lighting). Nearly all

households use a combination of energy sources,
the most common being biomass, coal and
electricity. In higher income households,
preference has shifted toward more sophisticated
sources, such as electricity or LPG (Jiang and

O’Neill 2004).

In 1999, per capita expenditure on rural
household energy was approximately 56 yuan
(US$6.8) (Jiang and O’Neill 2004), representing
3.4 percent of the total expenditures and 2.3
percent of the total income. Energy expenditure
increased with household expenditure: the share
spent on coal declined, that spent on LPG
increased and that spent on electricity remained
constant. While coal consumption increased with
income, biomass and electricity consumption were
income inelastic — at least at this stage of
development (Wang and Feng 2001). The reason
may have been a government ban on harvesting

fuelwood in certain forests.

? According to the 2001 Rural Household Survey (State Statistical Bureau), 98.3 percent of townships, 97.8 percent of villages and 97.4 percent of
rural households have access to the power grid (see also China Energy Statistical Yearbook 2000-02, China Statistics Press).
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Thus, rural China appears to be in the early
stages of energy transition; the process of
substituting modern fuels for biomass is slow.'°
Concurrent with this transition, China is
experiencing rapid growth in energy
consumption, which is closely correlated with
net income growth and improved access to
electricity, coal and other fuels (Figure 1.5).

Over the past two decades, per capita netincome
of rural households increased fourfold in real
terms. While rising net income has been
accompanied by greater reliance on commercial
energy o meet additional energy demand, the use
of biomass continues. Nevertheless, the effect of
China’s policy interventions (as distinct from the
general tendency of developing countries to switch
to commercial fuels as incomes increase) is
unclear. Whatever the trends and interventions,
the fact remains that biomass continues to

account for 55 percent of the rural energy, and
coal for another 34 percent. In sum, the IAP
occasioned by the continued burning of solid
fuels for heating and cooking remains a serious
problem in China.

Profiles of Project Provinces

In the four project provinces reported here, rural
household energy use varied from 1998 to 2004.
Energy use increased substantially in Guizhou and
Inner Mongolia, grew moderately in Gansu and
declined slightly in Shaanxi (Figure 1.6). In Guizhou,
substantial increases in rural residential energy use
could have been fueled by a fripling in the use of
firewood and a doubling in the use of coal. In Inner
Mongolia, the small increase was likely to have been
fueled primarily by greater use of stalk.”" None of the
four provinces showed a clear trend toward increased

reliance on coal relative fo other energy sources.

Figure 1.5 (a): Rural Household Energy Expenditure by Fuel-type (deciles of per capitaincome)
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19 Education is a primary variable which bears on biomass use: As education levels rise, biomass use declines. Other variables include household

size, occupation and geographic conditions (Jiang and O’Neill 2004).

11 The figures show a surprising increase. One possible explanation is differences in reporting mechanisms; another is that it is a phenomenon

deserving further exploration.
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Figure 1.5(b): Rural Household Energy Expenditure by Fuel-type (deciles of per capitaincome)
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Figure 1.5(c): Rural Household Energy Expenditure by Fuel-type (deciles of per capita total expenditure)
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Figure 1.5(d): Rural Household Energy Expenditure by Fuel-type (deciles of per capita total expenditure)
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Health Risks and IAP

The burning of biomass or coal in open or poorly
ventilated stoves results in the emission of
hundreds of chemical substances, in the form of
gases, liquids (suspended droplets) and solids
(suspended particulates). These pollutants include
CO, Nitrogen Dioxide (NO,), particles in the
inhalable range (below 10 um in aerodynamic
diameter) and other organic matter (for example,
benzo[a]pyrene, Benzene (C,H,) and
formaldehyde). In addition to the above pollutants,
combustion of coal may release oxides of Sulfur
(S) and heavy metal contaminants, including
Arsenic (As) and . Concentrations of inhalable
particles, CO and Sulfur Dioxide (SO,) in
households reliant on solid fuels for heating and
cooking, may be multiples of standards for

ambient air pollution.

Detailed epidemiological and toxicological
research on the health effects of IAP from solid
fuels has only recently begun. Nonetheless, the
growing consensus is that IAP is a causal agent of
acute respiratory infection, chronic obstructive

pulmonary disease, lung cancer (from coal

smoke), asthma, nasopharyngeal and laryngeal
cancers, tuberculosis, low birth weight and eye
disease (for example, cataracts). A comprehensive
survey conducted by the World Health
Organization (WHO) in 2000 found that each
year the first three of these diseases cause the
death of more than 900,000 children under age
five and more than 700,000 adults (WHO 2002).
Globally, acute lower respiratory infection is the
most common cause of mortality among children
under age five. As Table 1.2 indicates, 98.5 and
98.7 percent of the respective deaths of children
and adults from IAP exposure, caused by solid fuel
use, occur in developing countries. Annually, IAP
results in a loss of healthy life years equivalent to
some 40.9 million Disability Adjusted Life Years
(DALYs)'2 (WHO 2002).

For developing world regions, Ezzati et al. (2002)
found that indoor smoke from solid fuels is a leading
health risk factor. Globally, of the 20 leading health
risk factors causing death, IAP ranks 11% (Figure
1.7); in terms of DALYs, IAP ranks eighth (Figure
1.8). For high mortality developing regions (that is,
those with very low income), IAP ranks fourth in
importance as a health risk factor. For low mortality
developing regions, including China, IAP ranks
eighth in importance as a health risk factor.

Table 1.2: Annual Mortality Caused by IAP Exposure from Solid Fuels

Country Grouping % of Global Children Adults
Population  Under Five Years

High Mortality Developing Countries 38 808,000 232,000

Low Mortality Developing Countries 40 89,000 468,000

Demographically and Economically 2 13,000 9,000

Developed Countries

Source: WHO 2002.

12 DALYs lost to mortality are the total discounted value of years lost to premature death across all causes and age groups. DALYs lost to disability
are based on the incidence and duration of various types of disability multiplied by a weight which accounts for the severity of the disability
compared to loss of life. Total DALYs result from the sum of DALYs lost to mortality and disability, adjusted by a discount rate so that future years
of healthy life are valued at progressively lower levels and by age group weightings, so that years of life lost at different ages are given different
relative values.
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Figure 1.6: Rural Residential Energy Consumption by Study Province (per capita) in Selected Years
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Women and children are at greatest risk since
they spend more hours per day indoors in the
vicinity of the cooking stove. Worldwide, the risk
to women from IAP is nearly 50 percent higher
than for men (Ezzati 2002). Risk is highest in
South-East Asia, Western Pacific (including
China) and Sub-Saharan Africa. Across the
developing world, IAP is a serious health
hazard, especially in rural areas where reliance
on biomass and coal for heating and cooking,
under poor combustion and ventilation

conditions, is virtually universal.'®
Challenge of Rural China

The global health risks from IAP noted in the
previous section apply equally in China.'*'5
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The Comparative Risk Assessment analysis
estimated that, in 2000, IAP was the fourth
leading health risk factor contributing to
mortality in China, causing more than 500,000
deaths (WHO 2002). Indoor smoke from solid
fuels was the fifth most important risk factor in
terms of DALYs, accounting for 2.5 percent of

the total lost healthy life years.

Virtually all of China'’s rural households —
representing some 900 million of the country’s
total population of 1.3 billion,' rely on |biomass
and coal to meet their daily heating and cooking
needs. Extensive use of coal for heating and
cooking emits high SO, concentrations, which are
associated with adverse health effects.

13 Reduction of IAP is reflected in the United Nations Millennium Development Goals (MDGs); solid fuel use is an indicator of environmental

sustainability

(Goal 7), while reduced IAP is related to many other goals, including the goals of reducing child mortality and promoting gender equality.

14 The WHO comparative risk assessment, conducted over a two-year period in 14 world regions, including the Western Pacific (of which China
accounts for 85 percent of the population), provides an authoritative assessment of the health consequences of IAP in China (WHO 2002).
15According to the Asian Development Bank (ADB), 17 percent of China’s population still lives on less than US$ 1 per day (Key Indicators 2005).
In 2004, China’s per capita income was US$ 1,290 (World Development Indicators database, August 2005); based on Purchasing Power Parity
(PPP), this translates into US$5,530. Rural income is about one-third of the national average.

16 Based on the 2000 census, the National Bureau of Statistics of China in 2004 cited 69 percent (900.6 million) of the country’s

population as rural.
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Monitoring the health effects of improved stoves in

Xuanwei County, Yunnan Province, before and

after the intervention provides the most detailed

evidence of the ill effects of coal smoke.

Figure 1.7:Leading 20 Global Risk Factors for Mortality
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Figure 1.8: Leading 20 Global Risk Factors for Loss of Healthy Life (Measured in DALYs)
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improved stoves in the early 1980s, levels of
household particles were reduced by a factor of
three. Reduction in lung cancer, a decade later,
was about 40 percent for men and 45 percent for
women (Lan et al. 2000).

The health risks from coal use increase in those
regions of China where coal is contaminated by F
or As (or both). According to the Institute for
Endemic Fluorosis Control, China CDC, F content
of coal is high in 201 counties, affecting 35,000
villages and nearly 34 million residents. Some

17 million people are subject to dental fluorosis;
incidence in children eight to 12 years old is high.
Endemic Arsenic (As) poisoning from toxic coal
occurs in eight counties (representing 42 townships
and 142 villages or 333,905 residents). In
Guizhou and Shaanxi provinces, exposure to As
poisoning from burning toxic coal is high.

In Guizhou, four counties (32 villages) are heavily
exposed. Drying of corn and red peppers in
households or sheds warmed by coal stoves results
in high levels of contamination as pollutants are
transmitted to food. In many areas, the fluorosis
content of corn and red peppers exceeds the
national standard (1.5 Milligram Per Kilogram
[Mg/Kg]) (hundreds of times so for red peppers in
Guizhou, Yunnan and Sichuan) (Yu 2005 and
Finkelman, Belkin and Zheng 1999).

Environmental Dimension

Beyond the risk to human health, rural household
use of solid fuels, particularly biomass, can
indirectly lead to potentially irreversible
environmental damage. For example,

deforestation seldom occurs because of household

use of biomass for heating and cooking.

But foraging for biomass (for example,
branches or young trees) in new growth areas
following clearing (for example, for logging
or agriculture) can hamper reforestation.
Encouraging a shift to charcoal, which offers
some health benefits compared to wood,'”
could lead to more severe environmental
degradation because (given current charcoal
production methods) more fuelwood is needed
per meal when cooking with charcoal versus
wood; even the most efficiently produced
charcoal translates into net loss of energy.'®
Crop residues used for fuel rather than
livestock fodder or soil nutrient can lower

agricultural output.™

Household biomass use for fuel is potentially
Greenhouse Gas (GHG) neutral (Smith, Uma
and Kishore 2000; Bailis, Ezzati and Kammen
2003). If harvested sustainably and burned
under ideal conditions, biomass fuel results
almost entirely in the emission of water vapor
and Carbon Dioxide (CO,); water vapor is
quickly incorporated into the hydrologic cycle
with no measurable warming effect, while CO,,
the most common GHG, is absorbed by new
plant growth through photosynthesis. At issue,
however, is the degree of incomplete combustion
typical of most household stoves in developing
countries. In addition to water vapor and CO,,
hundreds of gaseous and aerosolized compounds
are emitted, including CO, Methane (CH,) and
nonmethane hydrocarbons. Non CO, Greenhouse
Gases (GHGs) are not absorbed by photosynthesis
and remain in the atmosphere until they are

broken down by complex natural processes.

1"While charcoal is worse than other fuels with respect to Greenhouse Gas (GHG) emissions, it can lead to reduced concentrations of pollutants

like PM (Bailis et al. 2004).

18 Since most of the fuelwood energy is lost in the production process, charcoal users utilize more fuelwood than direct users

(Kammen and Lew 2005).

17 Soil degradation and erosion, along with disruption of water systems and soil nutrient cycles, can result in reduced agricultural productivity,
damaged ecological systems and altered wind movements. Energy generated from biomass combustion using traditional technology releases many
pollutants known as potential hazards to ecological systems. Energy harvesting, the process by which energy is captured and stored, and
combustion add to the net flow and stock of Greenhouse Gases (GHGs), which contribute to climate change.

11
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Depending on time horizons and the GHGs
measured, estimates of emissions for various stove-
fuel combinations in developing countries indicate
that both LPG and kerosene have a GHG effect
comparable to, if not lower than, renewable
biomass fuels. Further, the effect is far less
compared to biomass fuels not used renewably.
Because stoves fueled by liquid and gas (fossil fuels)
are generally more efficient than those fueled by
solid biomass, emissions per unit of energy
delivered favors LPG and kerosene over most
biomass fuels. Given current combustion technology
and behavior, a shift to kerosene and LPG can

reduce exposure to IAP and GHG emissions.

Nevertheless, the environmental implications of
household use of solid sulfate fuels should not be
understated. The burning of coal creates ambient
air pollution (for example, aerosols) with locall,
regional and even global implications. Increased
household energy use efficiency from echnological
improvements benefits both households and the
global community through reduced CO, and other
emissions.?’ But the dual health and environment
benefit should not occur at the expense of other
priorities in developing countries, where many
factors bear on the cycle of poverty.

China’s Environmental Policies

In the 90s, China'’s policies to reverse
deforestation and reduce soil degradation
discouraged reliance on biomass and contributed
likely to rural households’ switching to coal.

A comprehensive evaluation of 28 stove/fuel
technologies commonly used in China found that
the relative benefits of biomass and fossil fuels and
policies promoting various fuel-types depend on

whether all products of incomplete combustion are

considered. While biomass-burning stoves rank
well in terms of gases included within the Kyoto
Protocol, they rank at best on a par with kerosene
or LPG if the full range of gases emitted are
considered. Biomass-burning stoves rank
decidedly behind kerosene or LPG stoves if the
biomass consumed is not renewed.
Furthermore, the stove-type demonstrates a

wide range of emission factors.?'

China is a non-Annex 1 country under the United
Nations Framework Convention on Climate
Change, which means it has not agreed to binding
targets for reduction of CO, and other GHG
emissions under the Kyoto Protocol. As China is
the world’s second largest emitter of GHGs, its
pledge to cut emissions is important.??If no
measures are taken, the country is projected to
experience the largest absolute growth in CO,
emissions between now and 2025. China’s
five-year national development plan sets the
objective of raising energy efficiency by 20
percent by 2010. The country’s long-term goal is
to reduce its overall coal dependency from 65 to

35 percent of energy generation by 2050.

China’s primary concern, however, is with local
problems, such as PM and SO, emissions. Acid
rain, caused largely by the consumption of
high-Sulfur coal, falls on some 30 percent of land.
In an effort to encourage switching to cleaner
burning fuels, the government introduced a tax on
high-Sulfur coals. A system of emissions trading
for SO,, similar to that in the United States, is
being pilot-tested. The government is applying
stricter pollution controls on power plants, as
well as policies designed to increase the

share of natural gas in the country’s fuel
mix (EIA 2005).

20 Ozone is not emitted directly, but is produced by the reactions of nitrogen oxides and hydrocarbons (known as volatile organic compounds) or
CO. Elevated surface-level ozone concentrations are correlated with plant damage, as well as respiratory disease and premature mortality.

21 “It is possible to implement policies with the best of intentions for alleviating the burden of collecting fuel, which may actually result in increased
exposure of populations to health damaging pollutants and increased global warming contributions.” (Edwards et al. 2004).

22 This pledge was repeated at the Montreal meeting held in late 2005 to finalize the “rule book” for the Kyoto Protocol.
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The polluter-pays principle is being applied more
rigorously. Initiatives under consideration include
tax incentives for environmental protection, as well
as preferential loans and subsidies for
environmental-friendly products. The government
has begun setting energy efficiency standards for
household appliances. China’s medium- and long-
term energy development program for the
2004-20 period (recently approved by the State
Council) includes building strategic reserves,
energy conservation, fuel diversification, energy
security, further exploration and

environmental preservation.

IAP Interventions: What are the
Knowledge Gaps?

While IAP has received increasing attention as a
health risk to rural households, less is known about
the design and dissemination of appropriate
interventions.? Drawing lessons from international
experience is hampered by lack of systematic
studies on household energy interventions.

While benefits of the interventions adopted may be
known, the motivation for adoption, as well as
long-term effects and sustainability, are generally
not. Also, broader environmental and
socioeconomic implications have not been
sufficiently researched. To date, research has
focused on improved stoves and fuels. Initial
interventions in the early 80s were often marked
by lack of detailed data on stove performance.
Efficiencies and emissions, for example, were
often measured in controlled environments
(Krugmann 1987; Manibog 1984). More recently,
research has shifted to monitoring stove

performance under “actual use” conditions
(Ezzati et al. 2004).

To design and disseminate appropriate

interventions, researchers must ask:

*  What factors determine human exposure and
what are their relative contribution to
personal exposure?

*  What is the exposure response relationship
between IAP and disease?

*  Which determinants of human exposure can be
influenced through any given intervention
strategy, and to what extent?

*  What are the effects of any intervention on
human exposure and health outcomes,
and how would they persist or change
over time?

*  What are the broader environmental effects of
any infervention, its costs and the social and
economic institutions and infrastructure

required for its success?

Rural household exposure to IAP can be
reduced through interventions in emissions
source and energy technology, housing and
ventilation and behavior and time activity
budget (Von Schirnding et al. 2001). To this
end, it is critical that further research be
conducted on the complex interactions among
the technological, behavioral, economic and
infrastructural factors which determine the
success of environmental health interventions,
especially with such nonhealth dimensions as
household energy (Jin et al. 2006).

These issues are especially important for female
household members. Unless the details of the
users’ needs and behavior are considered during
design, making energy cleaner may have
contradictory results for women in certain aspects.
For example, improved ceramic woodstoves with
increased combustion efficiency may require that
fuelwood be cut into smaller pieces and added
more frequently, increasing women'’s workload
and possibly exposing them to high-risk emissions
during refueling.

25 This section draws extensively on Ezzati et al. (2004) and Ezzati and Kammen (2002a, 2002b).
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Review of China’s Stove Programs

The Chinese National Improved Stoves Program, a
publicly-financed initiative of the Ministry of
Agriculture initiated in the early 80s, aimed to
provide rural households more efficient biomass
stoves and, later, improved coal stoves for
cooking and heating (Smith et al. 1993; Sinton
et al. 2004). The primary motivation was to
conserve energy and reduce time and labor
needed to collect biomass, thereby affording
household members more time to pursue
human development activities.?* Health

considerations were not of primary concern.

The program extended to 860 counties (about

40 percent of all counties). Aided by independent
provincial and county programs, commercial activity
and word of mouth, improved stoves spread
throughout China. The average subsidies for
improved biomass and coal stoves were 26 percent
and 10 percent, respectively. By the early 90s, 130
million improved stoves had been installed, and use
of biomass eased in most regions. As the program
wound down, the Ministry of Agriculture shifted its
support to stove manufacturers and Energy Service
Companies (ESCOs). From the mid-90s on, support
for the stove industry was replaced by extension
services and certification systems o standardize
stoves. Development and dissemination of improved
stoves was now left mainly to market suppliers, with
some local government oversight. The Ministry
claimed that, by 1998, 185 million of China’s 236
million rural households had improved biomass or
coal stoves. But degree of coverage varied widely
by region (reaching only 22 percent of households
in western provinces, compared with nearly

100 percent in eastern provinces and

70 percent in the central region).

Other agencies soon introduced their own stove
programs. In the mid-90s, the Ministry of Health
started a program to promote improved kitchens
in poorer regions. It also initiated a program in
areas where fluorosis from burning high-fluoride
coals was endemic. In 1998, the National
Development and Reform Commission (formerly
the State Development Planning Commission)
initiated the Yangtze River Valley Environmental
Protection Project, which aimed to reduce soil
erosion through reforestation; the project included
provincial and county stove programs patterned
after the Chinese National Improved

Stoves Program.

In 2002, an independent review by a
multidisciplinary team of U.S. and Chinese
researchers found that China’s improved
household stove programs had succeeded in
providing better stoves to most households in the
targeted counties. The success reflected strong
administrative, technical and outreach
competence and local resources, supported by
extensive national-level attention. Most biomass
stoves were found to have flues and other
technical improvements, although field efficiencies
were less than expected at the design stage.

By contrast, most coal stoves, even those using
improved fuel (briquettes), lacked flues and thus
could not be considered improved. In nearly all
cases, PM levels after stove introduction were
substantially higher than the national standard for
indoor air. Thus, the benefits of improved biomass
stoves were outweighed by the use of portable

coal stoves without flues (Sinton et al. 2004).

In 2004, the Household Monitoring Project in China
evaluated the National Improved Stoves Program
(Sinfon et al. 2004).%> A survey of 3,476

24 Beginning with the Sixth Five-Year Plan (1981-85), the State listed development of fuelwood forests as part of the national reforestation
program and rural energy development. Increasing fuelwood supply and fuel efficiency was considered a strategic necessity in rural development.
25 Collaborating institutions were University of California (Berkeley and San Francisco), Tsinghua University, Renmin University and Chinese
Center for Disease Control and Prevention (China CDC)(funding was provided by the Household Energy and Health Programme, Shell

Foundation, London).
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households was conducted which included measures
of health, stove performance, socioeconomic factors
and (in a subsample of households) indoor air
quality. Three provinces (Zhejiang, Hubei and
Shaanxi) were chosen to represent, respectively,
high, medium and low adoption rates.

In January 2005, a widely attended workshop was
held in Beijing fo disseminate results of the
National Improved Stoves Program review

(China Energy Group and Smith 2005).

The review concluded that:

* Despite extensive improved stove
distribution, IAP caused by the incomplete
burning of biomass and coal remains a
critical factor threatening the health of rural
residents; average particle levels in
households often exceed the national IAP
standard Micrograms Per Cubic Meter (150 ug/m?)
by a factor of two or greater (Smith 2005);%

* Since solid fuels will continue to dominate
rural household energy supplies in the
foreseeable future, improving the ways in
which solid fuels are used, combined with
widening access to and use of higher quality
forms of energy, must be a key part of
China’s rural energy strategy;

* New technologies (developed mainly by the
private sector) which offer potential for using
biomass fuels in cleaner, more efficient ways
should be encouraged on a large scale;
direct government intervention should be
limited to quality control, Research and
Development (R&D) and assistance to the
poorest areas; and

* Use of coal with toxic elements (F and As) must

be discontinued; improved stoves with

chimneys are urgently needed in areas using

poisonous coals.

Other studies indicate that improved stove
programs introduced by local health agencies
have produced promising results. For example, a
study conducted in Shaanxi (Ankang County)
showed that improved stoves and installation of
underground ventilation ducts reduced fluoride
concentration of indoor air from 150 milligram(s)
(mg)/m?to 3 mg/m?, well below the
internationally accepted standard of 20 mg/m?.
Fluoride contamination of food dried indoor,
above the stoves, was also greatly reduced (from
1,342.2 mg/Kilogram(s) kg to 52.2 mg/kg in the
case of chili peppers). Studies in Xuanwei and
North-East Sichuan hold further testimony to the fact
that improved stoves can significantly decrease IAP

Lessons from these studies, fogether with models
and designs for improved stoves, ventilation
systems and pilot activities, have been
incorporated info the project reported here.

A major lesson is that improved stoves must be
subject to more scientifically-based design criteria.
Insufficient scientific analysis of the implications of
fuel-saving cooking stoves may have resulted in
increased exposure to health-damaging

pollutants and increased release of GHGs
(Edwards et al. 2004).7

Use of coal-heating stoves in winter months and
greater substitution of coal for biomass in cooking
may have undermined the indoor air benefits of
improved biomass stoves. Although the thermall
efficiency of commercial energy is generally
higher than that of noncommercial energy, coal
stoves used in rural areas are usually inefficient

and more polluting than improved biomass stoves.

26 For the households surveyed, a significant reduction (120 ug/m?) in 24-hr, particle levels were recorded by switching from older to improved
biomass stoves; winter measurements were invalidated by common use of multiple stoves and fuels, particularly unvented coal heating stoves.
27 The focus on more efficient cooking stoves meant supplementary stoves for heating and attendant pollution. Improved flues and chimneys
resulted in neighborhood and area pollution, which penetrated back into the indoor environment (see Edwards et al. 2004, p. 405).
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A new government program to reduce F and As
poisoning from coal use includes an improved
stove program which targets areas where disease
from these toxins is serious. By 2010,

75-95 percent of households in high-disease
areas (compared to 20 percent today) will have

improved stoves.

Poverty in Rural China

Despite impressive economic growth over the past
two decades, more than 100 million Chinese
continue to live in acute poverty. More than
two-third of China’s rural poor live in the western
provinces. Poverty is most severe in the
north-western provinces (World Bank 2001).

Trends in Poverty Reduction

An econometric analysis of poverty trends in China
included the following findings (Ravallion and
Chen 2004):2

* Inthe 20-year period after 1981, the
proportion of the population living below
China’s new poverty lines fell from 53 percent
to 8 percent;? in 2001, incidence of poverty
was 12 percent;

* Poverty reduction has progressed by fits and
starts. Half occurred in the early 80s; after
stalling in the late 80s and early 90s, reduction
resumed in the mid-90s, only to stall again in
the late 90s;

* Absolute inequality has increased, and relative
inequality is higher in rural areas (Zhou and
Wan 2004);

* Had inequality not increased and had the
same economic growth rates prevailed, the

overall poverty rate would be 1.5 instead
of 8 percent;

*  Most poverty reduction has occurred in rural
areas, resulting from growth in primary
agriculture; but growth has lagged in provinces
where the greatest effect on poverty reduction
would have been realized; and

* Increasingly, aggregate growth is derived from
sources which bring limited gains to the
poorest; thus, to maintain its past progress in
combating poverty, China must effectively

address the problem of rising inequality.

Analysis of the four provinces studied in this
project reveals that, during the 80s and 90s,
mean per capita income in rural areas
increased by an average annual percentage
of 3.9 (Inner Mongolia), 3.5 (Ganzu),

2.4 (Shaanxi) and 2.1 (Guizhou). Given the
national rural rate of 3.4 percent, Shaanxi and
Guizhou lagged by comparison. With the
exception of Inner Mongolia, whose national
per capita income ranking rose to 15, the
project provinces remained low on the income
scale. Over the same 20-year period, national
incidence of rural poverty declined 6 percent
annually. In Inner Mongolia, Ganzu and
Guizhou, the rural reduction rate was equal to
or higher than the national rate, while that of

Shaanxi was lower (only 3 percent).

In 2005, the United Nations Development
Programme (UNDP) reported that a large
percentage of the Chinese population lives close
to the poverty line (UNDP and China
Development Research Foundation 2005).

Each year, some 30 percent of rural

28 See also Rural Survey Organization, National Bureau of Statistics, China (Poverty Statistics in China, September 2004).

2 The long-standing official poverty line for rural areas is 300 yuan (Y) per capita per year at 1990 prices (US$0.66 per day in constant 1985 PPP
dollars). The new poverty lines developed for the study were based on region-specific food bundles, valued at median unit values by province.
These bundles were then scaled to reach 2,100 calories per capita per day. Allowance for nonfood consumption was based on the nonfood
spending of households in neighborhoods, where total spending equaled the food poverty line in each province (separately for rural and urban
areas). The national poverty line was derived from the means of the regional lines, yielding Y 850 per year for rural areas and Y 1,200 for urban

areas, in 2002 prices.
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households fall back into absolute poverty.*°
According to a 2003 survey, 27 percent of
poor households in the 11 western provinces
are impoverished due to illness or injury.®' In
officially designated poor counties, more
than 4 percent of residents are ill or weak,
and access to medical care is limited.3?
Substandard health care services,®® combined
with lack of medical insurance and social
security, frequent natural disasters and
increased incidence of disease, are key

causes of rural poverty.
Urban-rural Disparities

China’s Human Development Index (HDI)
improved significantly over the past three
decades (from 0.52 in 1975 t0 0.75 in
2003),%* but the disparity between urban

and rural improvement is significant. In 2003,
the index for urban areas was 0.816,

compared to only 0.685 for rural areas.

Table 1.3: Life Expectancy in Project Provinces

Per capita disposable income in urban

areas was 3.2 times that of rural areas. Life
expectancy in urban areas was more than 75
years, compared to less than 70 in rural areas

(eight years in the western provinces).

In the four project provinces, large
urban-rural disparities were revealed

for female life expectancy (10 years in
Guizhou) (Table 1.3). Nearly 10 percent
of rural residents had no formal

education. In the western provinces,

school enrollment was low and dropout
rates high, in part, because of unaffordable
school fees. In China’s poorest villages,

up to 50 percent of school-aged boys
dropped out before completing primary
school, particularly in minority ethnic

areas where language is a barrier; nearly all
school-aged girls in these areas did not
attend school (World Bank 2001).

Urban Rural
Province Al Female Al Female
Gansu 75.5 77.2 67.2 67.8
Guizhou 73.9 76.7 64.7 66.2
Inner Mongolia 74.1 76.5 69.3 70.4
Shaanxi 75.9 77.2 69.3 70.6
China 75.2 77.5 69.5 71.3

Source: UNDP and China Development Research Foundation 2005.

30 National Bureau of Statistics, 2003.
31 Statistics and Information Center, Ministry of Health, 2004.

32 The third National Public Health Service Survey (2003) indicated that, for rural residents, 62 percent of two-week patients in western provinces

did not see doctors because of economic hardship.

3% Government per capita outlay for health care is more than five times higher in urban versus rural areas (Institution of Health Care Economy,

Ministry of Public Health, 2003).

34 The UN Human Development Index (HDI) is a comparative quality of life measure based on three basic dimensions of human development:
Life Expectancy at Birth (LEB); knowledge as measured by the adult literacy rate and combined primary, secondary and tertiary Gross Enrollment
Ratio (GER); and Gross Domestic Product (GDP) per capita at PPP in U.S. dollars; 177 countries were ranked in 2003.
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Health/Household Energy Nexus

That China'’s poverty is concentrated in rural areas
bears on the health/household energy use nexus.
During the 90s, household energy spending
increased some 200 percent to more than

RMB *300 by the end of the decade.?® While
middle- and upper-income quintiles spent more
than the poor on energy in absolute terms, the
poor faced immense difficulty absorbing increased
costs for household energy.?¢ Over a two-year
period (2003-05), the price of ituminous coall
increased nearly 50 percent; over the same
period, the price of gasoline and diesel increased
34 and 20 percent, respectively.®” Rural ousehold
fuel prices, especially for biomass and low-grade
coal, lagged fuel prices in urban areas and for
industry, but national energy supply-and-demand
pressures meant a significant increase in the cost

of commercial fuel for heating and cooking.

In response to the energy crisis, the government
has targeted cutting energy use per unit of Gross
Domestic Product (GDP) by 20 percent by
2010.% Market pricing of fuel, thereby liminating
the 20-30 percent or higher subsidies now
enjoyed by consumers, offers one way to achieve
this goal.*” But the government hopes to exempt
some 700 million farmers from price rise. Other

measures include setting stricter standards for

energy efficiency (for example, cars or buildings)
and a mandatory labeling system for energy-using
appliances. To date, no efficiency standards have

been set for rural buildings.*

Projections for 2030 indicate that coal will
continue to dominate as a primary energy source
in China (Kato 2003). Currently, coal accounts for
nearly 70 percent of China’s primary energy, but
increased use of oil, gas and hydropower, together
with introduction of nuclear energy, is expected to
reduce coal dependence to 60 percent. Over the
next 25 years, China is projected to account for
20 percent of world incremental demand for
energy and 50 percent of incremental demand for
coal. Energy demand will pressure supply,
meaning that prices will remain high or even rise,
with the possibility that the poor may not have
economic or physical access to cleaner fuels; thus,
they would continue to depend on biomass and
low-quality coal. Absence of countermeasures,
emission of CO, and other GHGs would increase,
compounding the climate changes already
afflicting many parts of the world, including China.
Addressing the poverty aspects of the health/
household energy nexus requires a system of
township-based targeting; the bulk of funding for
IAP interventions must be directed to poor
ownships within and outside nationally designated
poor counties (World Bank 2001).4'

35 Government of China, Compilation of Typical Survey Data of China’s Rural Economy (1986-99), Office of Fixed Point Surveillance, Ministry

of Agriculture.

36 National Bureau of Statistics of China, Rural Household Survey in China, 2004. The Industry and Transportation Statistics Department, National
Bureau of Statistics of China, is responsible for collecting and compiling China’s energy statistics. The Bureau is endeavoring to improve the quality
of its energy statistics, including data on residential energy use. Preparations are under way to conduct the second C-RECS Il in collaboration with

the Lawrence Berkeley National Laboratory.
37 Beijing Energy Efficiency Center (www.beconchina.org).

38 Statement by Chinese Premier Wen Jiabao at the Summit Meeting of East Asian Leaders in Malaysia, December 2005.

3 |n February 2005, the price of natural gas (US$ per Million British Thermal Units MBTUs) was US$4.55 in China, compared to more than US$7 in
the United States. The gap was partially closed during 2005, as the government of China increased domestic energy prices five times. The China
Daily (January 20, 2006) quoted Zhao Xaioping, Director, Pricing Department, National Reform and Development Commission (NRDC), as saying
that the prices of oil, gas, coal and electricity would soon be liberalized by subjecting them to market forces.

40 Labeling for energy efficiency was first introduced in 1999 for refrigerators; more information is available at World Energy Council

(www.worldenergy.org).

41 Since 1986, the government’s county-based, poverty targeting system, has resulted in near-complete omission, even under the 8-7 Poverty
Reduction Plan, introduced in 1994, to fund “the other half of the poor” residing outside designated counties. World Bank (2001) concluded:

“The central and provincial governments should increase their assistance fo the poor areas in support of a limited set of health services directed at
the principal causes of morbidity and mortality. At @ minimum, this should include increased public funding for the control of infectious diseases,
overall disease surveillance and reporting, health information and education and the strengthening of the basic infrastructure of the health system

in the poorest areas.”

18



Introduction

Project Context

As noted previously, World Bank initiated a
project in China, in 2002, to test affordable
household energy interventions — improved
stoves, better ventilation, health education and
behavioral changes — designed to substantially
reduce IAP and exposure to it. Known as the
Sustainable and Efficient Energy Use to Alleviate
Indoor Air Pollution in Poor Rural Areas of
China, the project was designed to add to the
foundation of knowledge which will enable the
development of sustainable interventions

customized to local conditions.

The project was implemented in four provinces
characterized by widespread rural poverty

and (in at least two of the test areas) harsh
winter conditions: Gansu, Guizhou, Inner
Mongolia and Shaanxi (Figure 1.9). It is
anticipated that success in reducing IAP in these

provinces will lead to significant improvement in

the health of the rural population notably omen
and children, who typically are the most

exposed to the indoor household environment
(Ezzati et al. 2004).

The project is empirically based in order to
build understanding and compile data and
results potentially applicable to other areas of
China and other developing countries.

A multidisciplinary team participated in the
project. This report endeavors to capture the
insights of each component, as well as the

collective findings and conclusions.
Structure of this Report

This report is structured as follows. Chapter 2
describes the project goals and objectives and
general methods used. Chapter 3 provides
socioeconomic profiles for each of the four
provinces studied, fogether with references to the
counties and townships which served as the study

Figure 1.9: Map of China, Showing the Four Study Provinces
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sites; it also provides baseline data on levels of IAR with regard to household energy use, IAP levels,

household energy use, behavior affecting knowledge and behavioral changes and health
exposure and health indicators related to indicators. Chapter 5 considers alternative
respiratory disease. Chapter 3 also describes the technological options for reducing AP Finally,
stove and health education/behavioral Chapter 6 summarizes the project lessons and
inferventions conducted as a part of the project. offers policy and program recommendations for
Chapter 4 discusses results of the interventions future R&D studies.
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2. Project Overview

Zuzana Boehmova, Fei Yu, Enis Barig and Maijid Ezzati

This Chapter is divided into two sections: project
description and project design. The first section
considers the basis of the project in terms of its
goals and objectives, expected outcomes and
beneficiaries, components and implementation
and management and partner organizations.
The second presents the project’s underlying
rationale, its intervention model and hypotheses

and site selection process.
Project Description

The purpose of this project was to evaluate the
community effectiveness of relatively simple and
affordable household energy interventions
(alternative stoves, better ventilation, health
education and behavioral changes) to lower
exposure to |AP in rural China.*? Further, the project
aimed to facilitate implementation of these
interventions and build local capacity for their
supply and maintenance. The anticipated
outcomes in project intervention areas were
substantially lower levels of IAP and exposure to
it, thereby helping to lower associated health
risks. More generally, the expected outcome
was advancing knowledge about location-
specific factors and considerations in designing
and implementing IAP interventions. Project
results demonstrate the need for further

research, notably in technology design and

access and the interaction between technology
and household behavior.

Objectives
Project objectives were to:

* Determine the scope and severity of IAP in the
test sites of four Chinese provinces where rural
populations are exposed to high levels of IAP
because of climatic, topographic and
socioeconomic reasons;

* Understand the technological and behavioral
determinants of exposure;

* Determine the knowledge about health risks
associated with IAP and potential interventions
to reduce the level and degree of exposure;

* Test a variety of potential household energy
interventions to reduce IAP and assess their
health, energy, environmental, educational and
poverty reduction benefits; and

* Evaluate the technical, sociocultural,
organizational and economic feasibility of
broader application of the interventions and

their sustainability.

To gain broad support and interest, the
interventions were designed to yield significant
benefits at an affordable cost and be possible to
implement within local institutions using local

infrastructure. An important indicator of success

42 Project funding and technical assistance were provided by World Bank through financial support from the Energy Sector Management Assistance
Program (ESMAP), Department for International Development, U.K. (DFID) and the Swedish International Development Agency (SIDA).
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was the degree of end use. Major factors in this
regard were economical, applicable and effective
interventions; main fuel-types currently in use;
more efficient fuel combustion; and local capacity

for supplying and maintaining improved stoves.

Throughout its implementation, the project sought
to demonstrate how household energy use and
environment are linked to the ecology of rural
communities; promote more efficient,
environmental-friendly household cooking and
heating devices (thereby easing the energy
burden in rural areas); and demonstrate
alternative household energy technologies and
mainstream their use in World Bank projects in

China and elsewhere.

The project was designed to contribute to better
understanding of social and gender issues (through
its focus on women and children); intersectoral
linkages (notably health, energy use and
environment); community involvement (by
encouraging locally designed improved stoves and
ventilation systems); and national and local
capacity-building (through partnerships with the
Institute for Environmental Health and Related
Product Safety; China CDC; Foreign Loan Office
(FLO), Ministry of Health; and local county
governments and health offices).

Expected Outcomes and Beneficiaries

By introducing and making available new stove
and ventilation designs, it was expected that the
project would substantially improve fuel efficiency
and reduce AP in the participating households.
Higher quality of indoor air would improve the
health of household members, especially those
who spend more time in the cooking vicinity.
Through greater awareness of IAP health risks,

household members would make risk-reducing

changes in their energy use behavior and
technology, resulting in reduced risk of burns.
Throughout the project, communities, residents
would benefit from high quality ambient air.
With greater knowledge, local stakeholders,
including Community-Based Organizations
(CBOs), Non Governmental Organizations
(NGOs), health personnel and microenterprises,
would be empowered to improve local
governance’s handling of IAP-related health issues.
Damage to local forest ecosystems would be
mitigated, while revenue from a healthier, and

thus more productive, labor force would increase.

At national and international levels, the project was
expected to improve evidence-based
policy-making. Project results would contribute to
formulating or revising IAP standards and technical
specifications for cooking and heating devices. In
addition to strengthening national research and
development capacity, the country’s burden of
respiratory illness and related health care costs
would ease. Finally, the project would
demonstrate the benefits of combining health,
energy and environment to address |AP and
contribute to the international body of IAP

literature and knowledge management.
Components and Implementation

The project focused mainly on stove and
behavioral interventions in townships of the
targeted provinces and, to a lesser extent, small
grants and awareness-building.*® Specific
interventions included distribution and installation
of improved stoves and ventilation systems to test
the effectiveness of new designs in reducing IAP
and associated health risks. Behavioral
interventions included health education, attitudes
and practices to improve household energy use.

The small grants component focused on building

3 Detailed information on this logframe approach is available at http://wbln1023/OCS/Quality.nsf/Main/MELFHandBook/$File/LFhandbook.pdf
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capacity in four areas: 1) intfroducing household
energy technologies and training local technicians
in their use; 2) seeking ways to lower toxic
substances from coal use; 3) encouraging
development of low-emission, biomass-burning
stoves for rural application; and 4) facilitating
sustainable local responses to the IAP health
risk. The awareness-building component
developed training materials and trained health
education and other local personnel in raising
awareness about the health-related risks of IAP
and methods to reduce them.**

The project was implemented in four phases.
The first phase pilot-tested alternative stove
designs and monitored multiple pollutants in
homes that used coal or biomass for heating
and cooking (implemented in Guizhou and
Shaanxi). The second phase collected baseline
data (from household, health and other surveys
and tests on energy use, IAP and health) with
which to design and evaluate IAP interventions
(implemented in selected counties, townships
and villages in Gansu, Guizhou, Inner Mongolia
and Shaanxi). The third phase focused on the
interventions (both technological and ehavioral).
The fourth phase consisted of post-intervention
data collection and evaluation of the

intervention program'’s effect.

Prior to intervention, a feasibility study was
conducted on: 1) market analysis and adoption of
stove and ventilation designs based on existing
knowledge and local conditions; and 2) field- and
market-testing of stoves and ventilation devices.
The main intervention study included supply and
distribution of alternative stoves, market
development, health education and training

activities and policy considerations. This was

followed by monitoring and evaluation, which
focused on selected health indicator effects of the
inferventions; activities included baseline surveys
and post-intervention measurements

of indoor air pollutants. Other scheduled activities
included: 1) strengthening of local institutional and
technical capacities and development of IAP
intervention strategies and policies; and 2)
knowledge management through dissemination of
project findings and publications in peer-reviewed

journals (Annex 1).
Management and Participants

The project team, led by the FLO, Ministry of
Health, consisted of staff from the Institute for
Environmental Health and Related Product
Safety, China CDC; Huaxi School of Public
Health, Sichuan University; CDC provincial and
county offices; and local hospitals in project
townships. The team also included international
experts from Sri Ramachandra Medical College
and Research Institute (India), Harvard
University and World Bank (Figure 2.1) (Annex
2). Provincial-level project teams were
responsible for project programming and
organization, monitoring, analysis and
assessment of project outcome and community
commitment. County- and township-level
technical teams (experts, technicians and
engineers from health care departments and
local hospitals) were in charge of project planning
and organization, training, development of health
education materials and advising communities.
Townships established teams to manage planning
and implementation of project activities. Each
project province and county set up a special
project account and provided counterpart funds as

an expression of commitment.

4 A fourth component on policy and regulatory framework development was to review and revise environmental, energy and health guidelines in
the light of the field studies on energy use, IAP diffusion and household behavior. Given the intervention nature of the project, this component
was not developed extensively; but follow-up activity in response to this report’s recommendations is expected.
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Project Overview

Project Design

This project draws on international lessons in
household energy intervention, including programs
in China, Mongolia, Kenya, Ethiopia and Tanzania
(Ezzati and Kammen 2002a; Smith, Mehta and
Maeusezahl-Feuz 2004). Such studies have
emphasized exposure assessment, estimation of
the health burden and effectiveness and technical
feasibility of specific interventions. One important
lesson is the need to field-test interventions in
various socioeconomic, cultural, climatic and
topographical settings and jointly assess the health,
energy and environmental implications throughout
the project cycle (design, implementation,
monitoring and evaluation). Another lesson is the
need to take account of the living environment and
customary practices of low-income rural families.
Low-cost, low-maintenance technologies are
critical to facilitate affordability and sustainability.
Access to technology and energy infrastructure
must also be considered. To ensure uptake,
maintenance and long-term use, direct subsidies to
acquire improved stoves should be complemented
by health education, market development and
capacity-building activities. In addition to

generating interest in new stove and ventilation

Figure 2.2: Intervention Model and Hypotheses

technologies, health education is vital to
encouraging behavioral changes (for example,
food-drying practices). Detailed documentation of
the effect of program inferventions is needed to
build local, national and international support to

continue and expand on IAP-related initiatives.
Underlying Principles

Drawing on these lessons, this project adopted a
holistic approach which combined technological
inferventions (stove and ventilation technologies)
with behavioral ones (community-based health
education, behavioral changes, market
development and capacity-building) (Figure 2.2).
To ensure effective and sustainable results, many
organizations cooperated to provide training,
outreach services, market promotion and logistical
support for a wide range of provincial and local
health officials, education specialists, engineers,
administrators, stove producers and suppliers and
others interested in reducing IAP. Finally, cultural,
economic, environmental, and socioorganizational
dimensions of the project were thoroughly
appraised, and health education and technical
training programs were adapted to local needs

and conditions.
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Approach

The basic design approach was to test the
post-intervention outcomes of household energy
use interventions: IAP, energy, health and
environment. From the four project provinces,
5,550 households (500 households from each of
11 townships) were selected to test the
interventions. The 11 site townships were divided

info three intervention groups:

* Stove plus behavioral intervention (S + B). This
group included one township site from each
project province (with the exception of Inner
Mongolia) (1,500 households). These three
sites were subject to the full range of stove and
ventilation technology and behavioral
(community education and behavioral changes)
interventions, accompanied by institutional
capacity-building at provincial, county and
township levels. New alternative stoves
were provided at approximately one-third
market cost;

* Behavioral intervention (B). This group included
one township site from each project province
(2,000 households). These four sites were
subject to a more limited range of
inferventions. They were not offered new
stoves at subsidized rates, and the interventions
focused on health education and behavioral
changes; and

*  Control (C). This group included one township
site from each project province (2,000
households). These four sites were not subject
to any interventions; rather, they served to
indicate exogenous trends (for example,
secular interannual fluctuations caused by
varying winter femperatures or other factors
which may have affected energy use) between

project initiation and completion. In this way,

baseline and post-intervention comparisons for
each township subject to stove and behavioral
activities or behavioral activities alone could be
matched against baseline and post-intervention
comparisons for the control townships, providing
the basis for difference-in-difference analysis.*®
This provided the empirical evidence on

the relative effectiveness of the

interventions (Figure 2.3).

The project design included extensive data
collection through household and health
surveys, on-site measurement of multiple
pollutants in the air and other media

(for example, F in food dried over fire) and
health examinations (especially for childhood
respiratory diseases). Households were selected
on a cluster randomized basis, subject to
including women and children members.

Site selection Process

The project was carried out in low-income, rural
counties of the four project provinces: Huixian
(Gansu), Guiding (Guizhou), Helingeer (Inner
Mongolia) and Ankang (Shaanxi) (Figure 2.4). In all
four counties, the need for space heating was
extensive, households relied heavily on solid fuels
(coal and biomass) for heating and cooking

and IAP was a serious problem. Additional site
selection considerations were community inferest in

and local government support for the project.

The 11 townships sites were chosen based on their
similar economic circumstances and household
environments, including housing structure and
food habits. Additional site selection considerations
were degree of concentration of residents, status
of transportation access and residents’ willingness
to participate (Table 2.1 and Figure 2.5).

4 The mean difference between after and before values of the outcome indicators for each of the intervention groups was calculated; from this
was subtracted the mean difference between after and before values for the control. The second difference (that is, the difference-in-difference)

is the estimated project effect.
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Figure 2.3: Overview of Project Methodology

( T

—{ ;

Guizhou ] ]

) Inner
Shaanxi [ B ' Mongolia
Gansu ( C ) —' C ]

)
Baseline IAP monitoring; health questionnaires and examinations; behavioral activities
monitoring; market and policy investigation; stove and energy monitoring

v S + B: Improving stoves; health education; market development;

CEEE—— encouraging policy changes
Intervention 1= B: Health education; market development; encouraging policy changes
— C: No intervention measures
y
Posi-mierv?nhon [—| AP monitoring; health questionnaires and examinations; behavioral
Evaluation . >
activities monitoring
Evaluation of Evaluation of indoor quality; health and behavioral activities monitoring; market
the Project | development and policy changes evaluation; project management evaluation
Note: S + B = stove plus behavioral intervention, B = behavioral intervention, C = control.
Table 2.1: Categorization of Selected Townships
Intervention Group'
Province County C B S+B
Gansu Huixian Yinxing Jialing Mayan
Guizhou Guiding Xinba Dexin Xinpu
Inner Mongolia Helingeer Xindianzi Dahongcheng --
Shaanxi Ankang Shizhuan? Shizhuan? Hongshan

1'C = control (no intervention), B = behavioral intervention, S + B = stove plus behavioral intervention.
2 Shizhuan is effectively divided by a mountain, enabling the township to serve as a control (C) and behavioral intervention (B) group.
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Figure 2.4: Location of Selected Counties in Project Provinces
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Source: Chinese Center for Disease Control and Prevention.

Figure 2.5: Location of Selected Townships in Project Counties

Huixian County (Gansu)

E] Full Intervention Group
I:l Partial Intervention Group

E] Control Group
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Guiding County (Guizhou)

IAP Project Groups in Guiding County

I:l Full Intervention Group
I:l Partial Intervention Group

I:l Control Group

Helingeer (Inner Mongolia)

E] Partial Intervention Group

D Control Group
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Ankang County (Shaanxi)

IAP Project Groups in Ankang City

Source: Chinese Center for Disease Control and Prevention.

A total of 5,500 households were chosen from

the 11 townships (500 from each township).

Household selection was based on

several considerations:

30

Inclusion of women (older than 18 years of
age) and children (14 years of age or
younger) in the household and at home;
Length of time women had lived in the
township (more than one year); and

Voluntary participation of households.

@ Shiquan

Full Intervention Group
Partial Intervention Group
Control Group

Mountains

The project areas had been included in
earlier World Bank-funded Health VI
initiatives; thus, many trained and
experienced health, engineering

and other experts were available to
participate in the project. Furthermore,
earlier or current environmental pollution
investigations, epidemiological surveys,
health examinations and health education
programs provided information relevant
to the project.



3. Foundations for Intervention Design*

Zuzana Boehmova, Fei Yu, Zheng Zhou, Enis Barig and Majid Ezzati

As discussed in Chapter 2, the household energy
use interventions undertaken in this project were of
two types: 1) alternative stove technology,
including improved ventilation systems; and 2)
health education and behavioral activities. Each
was accompanied by capacity-building activities for
local health, energy and related agencies and
institutions. Both interventions were tailored to fit
the location-specific conditions and general
circumstances of the four project provinces and
their respective counties and townships.

To provide a foundation for evaluating the
interventions undertaken, baseline data were
collected on IAP levels, household energy use,
knowledge and behavioral characteristics and
|IAP-related health conditions. These data,
summarized in this Chapter, contributed to the

design of IAP interventions.*¢
General Design Considerations

Many factors bear on the design of IAP
interventions. This section offers brief

socioeconomic and demographic profiles of the

“ Portions of this Chapter draw from Jin et al. (2006).

four study provinces, highlighting the array of
factors — from poverty and literacy to rural-urban
disparities, economic trends and energy
resources — which contribute to affordability and
behavioral responses. Other relevant design
considerations, also discussed in this section, are
housing characteristics and household energy use

behavior and time-activity patterns.
Provincial Profiles

A shared characteristic of the four provinces — and
an important criterion for selection in this study —is
economic status. Among China’s 31 provinces,
autonomous regions and municipalities, Guizhou
ranks 31 (last) in terms of GDP per capita,
followed immediately by Gansu at 30 and Shaanxi
and Inner Mongolia at 25 and 15, respectively.*”48
Despite the presence of more efficient fuels (for
example, petroleum or hydropower), most rural
households rely on inefficient energy sources and
stove technologies (Guizhou and Shaanxi depend
primarily on coal, while Gansu and Inner
Mongolia rely more on biomass). For all study

areas, the heating season lasts from November to

47 Profiles are based primarily on data from the China and provincial statistical yearbooks. Provincial GDP numbers are for 2004, while most other
data are for 2003. Township data are based on household surveys conducted by provincial and county-level staff of the Health Bureau and
China Center for Disease Control and Prevention (China CDC). Because women have primary responsibility for cooking and child care, most

respondents were female household members.
8 China Statistical Yearbook (2005).

* Portions of this text is from the article by project team members Yinlong Jin et al., "Exposure to indoor air pollution from household energy use in
rural China : the interactions of technology, behavior and knowledge in health risk management," Social Science and Medicine, 2006 June;
62(12):3161-76. Permission for reproduction of material was granted by Elsevier.
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late March, and IAP from household energy use
(heating and cooking) is a health risk.*’ Other
shared characteristics of these provinces and their
counties and townships include high illiteracy
rates (especially among females), a high
percentage of ethnic minorities (including
linguistic differences) and large rural

populations heavily reliant on farming for their
livelihoods (Table 3.1).%°

offer potential opportunities for implementing
health education activities.

In 2004, per capita GDP was nearly Y 6,000
(US$730), the second lowest provincial average in
China. Rural net household incomes were a

third or less of this amount, reflecting the

low productivity, agricultural basis of farming

communities. Provincial revenues per capita were

Table 3.1: Geographic and Environmental Features of the Study Areas

Province (County)

Gansu Guizhou Inner Mongolia Shaanxi
Feature (Huixian) (Guiding) (Helingeer) (Ankang)
Altitude (m) 800-1,500 1,100-1,400 1,400-1,600 350-1,000
Summer Temp. (avg. C°), 28 27 21 28
(daily min.-max.) (19-35) (19-33) (20-22) (23-471)
Winter Temp. (avg. C°), 9 8 -10 55
(daily min.-max.) (-5-16) (-1-15) (-13--8) (-8-11)
Average Rainfall (mm) 240-320 1,100-1,400 420 1,120
Average Number of 2,500 1,100 2,700 1,500
Sunny Hours per Year
Population Density 57 220 180 20

(persons per Km?)

Source: Chinese Center for Disease Control and Prevention.

Gansu

Gansu has a population of approximately 26
million, some 76 percent of which live in rural
areas. While the predominant ethnicity is Han,
nearly 2 million people are of ethnic minority and
are among Gansu’s poorest residents. Education
levels are low; illiteracy, at about 20 percent, is
twice the national rate. The age structure of the
population is relatively young. The province's five

million primary and secondary school students

“? Final project report, China CDC (2006).

also low, weakening the government’s ability to
support public services. However, the revenue
position is improving as a result of strong GDP
growth rates over the past few years. Gansu’s
accelerating industrial output reflects rapid growth
of exports (including textiles, chemicals, minerals

and nonferrous metals).

In terms of energy resources, petroleum and coal
offer limited opportunities, but hydropower’s

potential is extensive (installed generating capacity

%0 Annexes 3.1 and 3.2 provide statistical overviews of the study provinces and counties, respectively, while Annex 3.3 provides data on

socioeconomic and demographic characteristics of the study households.
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is currently 30 million Kilo Watt (s) (KW). With
regard to Renewable Energy (RE), Gansu's climate
is suitable for the development of wind and solar
power. Environmental improvement measures
include meeting national air- and water-quality
standards. In addition, 43 smog-control zones and
47 natural reserves have been established, the
latter covering nearly 20 percent of the province.

Forest protection is a priority.

The three townships selected for the study —
Jialing, Mayan and Yinxing — are located in
Huixian County. Of the four project counties,
Huixian has the lowest GDP per capita (90 percent
of its population is rural). Household survey
respondents for this study indicated that nearly half
of the households had family income of less than
Y 1,000 (US$120) in the year prior to the survey.
They also reported large family sizes (86 percent
of families had four to seven household

members). The respondents, 96 percent of whom
were women, indicated illiteracy rates which

approximated the provincial average for women.
Guizhou

With a population of 39 million, Guizhou is the
most densely populated of the study provinces.
Ethnic minorities (including Yao, Miao, Buyi,

Dong and Tujia) account for 56 percent of the
population, and the province is designated as an
autonomous region. About 76 percent of residents

live in rural areas.

During the 90s, Guizhou's economic growth
lagged; more recently, it has matched or
exceeded the national average. In 2004, the
growth rate was 11.4 percent and GDP per capita
reached Y 4,082 (US$495); yet this was the
lowest provincial average in China. Furthermore,
rural residents’ net disposable income per capita
was less than half the provincial average.
Nonetheless, provincial data indicate a substantial
drop in the level of poverty over the past decade,

although it is still widespread in mountainous

regions. Like Gansu, Guizhou has a weak fiscall
position, which undermines support for public
services; thus central government transfers are
important. Despite fiscal constraints, poverty
reduction projects over the last five years have
included rural electrification and other

infrastructure investments.

Guizhou's high illiteracy rate, especially in rural
areas, reflects the unaffordable cost of sending
children to school, compounded by the language
difficulty of ethnic minorities. Some 40 percent of
the province's labor force has only an elementary
school education (most have not completed five
years of schooling). The population’s low education
and literacy status hampers public

health education.

The province has a subtropical humid climate and
experiences ample precipitation, especially in
mountainous areas. Agriculture, the main source
of employment, accounts for only 20 percent of
GDP which largely explains rural poverty.
Industrial output is increasing rapidly, supported by
a sharp jump in energy production in recent years;
the province has ample coal resources and

hydropower potential.

The three townships selected for the

study — Xinpu, Xinba and Dexin — are located in
Guiding County. Compared to Huixian (Gansu),
Guiding has a higher GDP per capita, yet, net
rural household incomes are lower, reflecting
larger families in the former. Of the four
counties studied, Guiding has the highest
percentage of population under 15 years of
age. Household survey respondents, 70 percent
of whom were women, reported a 35 percent
illiteracy rate and a high percentage of
residents with only a primary education. Some
75 percent of families in the three townships
reported four to seven household members,

and nearly 70 percent had family incomes of
lessthan Y 1,000.
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Inner Mongolia

Among China's provinces, municipalities and
autonomous regions, Inner Mongolia (designated
an autonomous region) is the third largest, yet, it
has one of the lowest population densities (only
23.8 million residents in 2004). About 43 percent
of residents live in urban areas, by far the highest
ratio among the four project provinces. The Han
ethnicity accounts for nearly 80 percent of
residents, while Mongolians and other ethnic
groups account for more than 20 percent.

By 2004, GDP per capita had risento Y 11,387
(US$1,390); the region ranked 15 among the
country’s 31 provinces, autonomous regions and
municipalities. However, rural households’
disposable income per capita was less than 25
percent of this amount, and an estimated 800,000
people remained severely poor. The local
government’s fiscal position has strengthened
rapidly, enabling support for critical public
services. In 2004, local expenditure per capita
was well above the national average. Published
data show high enrollment ratios, including
secondary schools. llliteracy is estimated at
about 12 percent.

Farming and animal husbandry engage more than
50 percent of the labor force, yet, account for
only about 20 percent of the GDP. By contrast, the
secondary industry engages less than 20 percent
of the labor force yet accounts for more than

40 percent of the GDP. Transport and
elecommunications services are well developed.

In terms of energy resources, the region has the
second largest coal reserves in China, as well as
extensive hydropower and petroleum resources;

the region is a net exporter of energy.

Inner Mongolia features a temperate continental
climate with long, cold winters. Of the four study
provinces, it has the coldest temperatures (only
80-150 frost-free days); thus, home heating

requirements are infensive. In recent decades, the

34

greenhouse effect and unscientific exploitation
have aggravated drought, desertification and soil
erosion. In an effort to revert cultivated land to
grasslands and forests, the central government
recently launched the Ecological Construction
Project, one of the 10 projects in its western

development campaign.

The two townships selected for this study —
Dahongcheng and Xindianzi — are located in
Helingeer County, with a 90 percent rural
population. Net rural household incomes and
literacy rates are the highest of the four
counties studied. Still, Helingeer has high rates
of infant and child mortality. Household survey
respondents, 64 percent of whom were women,
indicated a higher degree of education
compared to the other study areas but a higher
illiteracy rate compared to the provincial
average. Compared to respondents in townships
of the other study provinces, Helingeer
respondents reported higher family incomes

and smaller average family sizes.
Shaanxi

Shaanxi’s population of 37 million is almost
entirely of the Han ethnicity. Some 68 percent of
residents live in rural areas. Like the other three
study provinces, Shaanxi experienced rapid
economic growth in 2004; that year, per capita
income reached Y 7,790 (US$950). Rural
household incomes were about 25 percent below
the provincial average. Shaanxi’s fiscal position
reflects its low income ranking; on a per capita
basis, local revenues were 40 percent less than
the national average, with the result that local
expenditures were significantly below the

national average.

Rural poverty is widespread, education levels are
low and illiteracy is high. Some 40 percent of
females receive little education, and female
illiteracy is prevalent in rural areas. But the

situation is changing rapidly; primary education is
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nearly universal, and a reasonable percentage
continues on to junior and senior high schools.

As in the other study provinces, the agricultural
sector is the main source of employment, but
accounts for only about 20 percent of the

GDP. Secondary industry accounts for nearly

50 percent of the GDP and total output of

maijor industries (electronics, machinery,
pharmaceuticals, chemicals, energy and

food) is increasing at nearly 20 percent annually.
As part of the central government’s western
development strategy, transportation infrastructure
is being extended; currently under construction is
a new railway designed to resolve north-south
bottlenecks. Shaanxi’s extensive coal and gas
reserves and hydropower potential are
increasingly accessible.

Shaanxi’s low winter temperatures require many
heating hours per day, resulting in limited air
exchange due to closing of windows and doors.
For rural residents heavily dependent on coal for
heating, IAP poses a serious health risk. As part
of its effort to improve environmental conditions,
provincial authorities have intensified efforts to
protect and expand forest coverage (currently,
nearly 29 percent). In 2003 and 2005, many
thousands of rural households suffered a series
of natural disasters (drought, floods and
hailstorms), which caused extensive damage

and economic hardship.

The selected study townships — Hongshan and
Shizhuan — are located in Ankang County.>' With
2.6 million people (more than 80 percent of
whom live in rural areas), Ankang is the most
populated of the four counties studied. Although
infant mortality rates are low, household survey
respondents reported the highest illiteracy rates
(especially among females) of the four sets of

townships, relatively low family incomes and large
family sizes.

Housing Characteristics

Jinetal. (2005) provide basic information on
housing characteristics of the households studied
(Table 3.2). In Gansu, nearly 90 percent of
houses have a wall separating the kitchen from the
bedroom and living room areas, with separate
entrances. In Guizhou, the most common housing
design consists of cooking/living, sleeping and
entrance/storage rooms connected by doors. Most
houses have a separate cooking area reserved for
special occasions. Cooking is usually done in one
of the main rooms (cooking/living room),
especially during the winter (heating season).

In Inner Mongolia, older homes are constructed
within a cave-like structure; a single room is used
for cooking, living and sleeping (the cooking
stove is connected to the bed for heating).
Newer homes in the study area have a wall with
windows and a door that connects the cooking
and sleeping/living areas. In Shaanxi, most
houses have a cooking area connected to the
main house by a door, a living room with a
ground stove (fire pit) used for heating and
boiling water and one bedroom (sometimes
equipped with a ground stove). Most houses

have a small attic used only for storage.

Household Energy use Behavior and
Time-activity Patterns

IAP exposure is affected by a variety of behavioral
factors related to household energy, including
ventilation practices and the time-activity patterns
of household members. Table 3.3 summarizes key
exposure-related behaviors in the four study
provinces. The implications of these data for IAP

interventions are discussed in the next section.

51 As indicated in Table 2.1, Shizhuan serves as both a control (C) and behavioral intervention (B) group.
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Table 3.2: Housing Characteristics of Study Participants (percent households)

Inner
Gansu Guizhou Mongolia Shaanxi
Characteristic (n=1,518) (n=1,508) (n=1,035) (n=1,580)
Construction Material
Mud, Wood and Tile 715 40.1 38.2 76.3
Brick, Wood and Tile 25.9 42.9 36.6 8.0
Other 2.6 17.0 12.7 15.7
Usual Cooking Location
Specialized Kitchen 88.5 254 36.2 93.5
Bedroom 3.3 47 46.6 1.7
Living Room 7.9 67.6 16.3 4.6
Other Rooms 0.3 22 0.9 0.2
Other Characteristics
Houses with Gaps between No Gap 22.4 No Gap No Gap
Wall and Roof
Kitchens with Window 90.3 73.8 72.8 60.3
Kitchens with Ventilation Fans 0.9 0.9 10.2 23
Note: n = number of households in the sample.
Source: Zhou et al. (2006).
Table 3.3: Household Energy Use Behavior and Time-activity Patterns as Determinants of Exposure
Energy Use Gansu Guizhou Inner Mongolia Shaanxi
Cooking * Affects primarily  * Affects primarily  * Affects alll * Affects primarily
women who women who household women who spend
spend >2 hours  spend 2.5-3 members since 2.5-3 hours per
per day cooking hours per day all cooking day cooking
human/animal cooking human takes place in human and
food and animal the same room animal food
* Some cooking/ food as living and * Some cooking
tea-making takes ¢ Cookingthe sleeping and heating
place on fire pan  main meal * Women who water takes
in the living and takes place in spend >2 hours place on the
sleeping area in the living areq, per day groundstove in
morning and affecting other cooking human the living area,
nighttime, household and animal affecting other
affecting alll members food are household
household particularly members
members affected
Heating* * Affects alll * Affects alll * Affects alll * Affects alll
household household household household
members who members who members who members who
spend fime spend time spend time on spend time around
around the around the the heated bed, the ground stove
fire pan or on heating stove especially children in the living
the heated bed, in the living and the elderly, area
especially area and women who * Withno

36



Foundations for Intervention Design

Energy use Gansu Guizhou Inner Mongolia Shaanxi
children and * Chimneyin use the same chimney, smoke
the elderly most houses stove for cooking disperses in the

* Seasonal pattern  only goes to * Seasonal pattern house

(approximately the afticand (approximately * Seasonal

four to six smoke disperses  sixto seven pattern

months) in the house months) (approximately
through the five to six months)
porous * Ground stoves
separation in bedrooms no
of main floor longer used
and attic because of

* Seasonal concerns

pattern aboutCO
(approximately
sixto seven
months)

Food NA * Food NA * Inthe past, food

Drying (chiliand corn) was stored over

ond is dried the stove. Public

Storage directly above health programs

the stove or
in the attic
above the

chimney outlet.

Most rice is
stored in bags
during drying
54 and 81%
of households
do notwash
corn/chili
before eating

have promoted
alternative
behaviors to
store food in
bags and/or
away from the
stove

* Although the provinces have relatively similar heating seasons, the intensity of home heating is higher in the colder provinces, particularly in
Inner Mongolia. In Guizhou, for example, increased humidity and cloudiness are the main feature of the heating season. Therefore, the stove is

used for shorter daily durations and with less intensity than in Inner Mongolia. Similarly, windows may be left open in Guizhou during the heating
season, but are closed and sealed in Inner Mongolia.

Note: NA = Not applicable.
Source: Jin et al. (2006). Reprinted with permission from Elsevier.

Baseline Data

To build the technical foundation for designing IAP

interventions and the basis for evaluating their

effectiveness, the study included extensive surveys,

interviews and testing fo collect baseline data on

IAP levels, household energy use, knowledge and

behavior and IAP-related health symptoms.52

52 This section draws on Jin et al. (2005).

IAP Levels

Based on a pilot study conducted in January

2003 (Jin et al. 2005), which examined the

relationship between pollutants and

measurement points in four households in each

of the study counties in Guizhou and Shaanxi,

and a survey on household energy use
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behaviors and time-activity budgets, an optimal
combination of pollutants and measurement
locations was selected to best characterize
exposure conditions in each province. Pollutants
were measured at two to three points in the
cooking, living and sleeping areas (the main
exposure microenvironments). In a few homes
and for selected pollutants, measurements were

made at additional points for comparison.
Measurement Design and Monitoring
Two designs were used fo measure indoor air quality:

*  Small sample of households and multiple
measurement days: six households were
selected from each province (four in Inner
Mongolia) and monitored continuously over a
four-day period, which enabled measurement
of day-to-day variations; and

* Large sample of households and a single
measurement day: 72-76 households were
selected from each province and monitored

over a 24-hour period.

Both designs conducted monitoring twice a year,
corresponding to the middle (March) and late
(December) heating season. Households
monitored in March over a four-day period were
also observed in December; for the larger set of
households monitored over a one-day period in
March, a subset was selected for one-day
monitoring in December. Both designs selected
households based on family income, energy use
and housing characteristics. Measurements were
taken by teams of investigators from the national
China CDC, assisted by the Center’s provincial

and county staff and health workers.

Three key indoor air pollutants were monitored:
respirable particles (PM, and PM ; that s,

107

particulate matter with a median aerodynamic
diameter of less than 4 micrometers (um)(and 10,
um respectively), CO and SO, Tests involving
fluoride and As were also conducted (Annex 3.4).

Resulting Data

In all provinces, concentrations of Respirable
Particulate Matter (RPM) exceeded current
health-based standards and guidelines for PM in
an outdoor environment.>® Gansu and Inner
Mongolia —the two provinces where biomass is the
primary fuel — had the highest concentrations; high
concentrations in Inner Mongolia reflect colder
temperatures, longer heating hours and a housing
arrangement which combines heating and

cooking (Annex 3.5).

Except for a few observations in Gansu, Inner
Mongolia and Shaanxi, 24-hour mean CO
concentrations were consistently below
health-based standards and guidelines.>* Not
observable from the data was the possibility that
CO concentrations may have been higher
during cooking and when bedroom doors and
windows were closed at night. Guizhou had the
lowest CO concentrations due to the type of
coal and stove used and the configuration of

chimney/attic ventilation.

Cost considerations limited SO, measurements
to Guizhou and Shaanxi — the two provinces
where coal is the primary fuel. SO,
concentrations were higher than the WHO
guideline value of 0.04 Part(s) Per Million
(PPM) at all locations in both provinces;
concentrations in Shaanxi were substantially
higher than the corresponding points in
Guizhou. Higher concentrations in Shaanxi
were likely due to the type of coal used and

lack of chimneys (in contrast to Guizhou).

*% For example, for RPM, the U.S. Environmental Protection Agency requires that the 24-hr mean concentration of PM, ; be below 65 Micrograms

per Cubic Meter (ig/m® and annual mean concentration below 15 ig/m?.

54 For eight-hr exposure of CO, WHO guideline value is 10 Part(s) Per Million (PPM), while that of the American Conference of Governmental Industrial

Hygienists is 25 PPM.
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Pollutant concentrations at various
measurement points. Room concentration of
pollutants were generally determined by whether
the stove in that room was used for cooking or
heating and the housing characteristics which

affect dispersion.

The pollutant microenvironments for each

province were as follows:

*  Gansu. The cooking room had RPM levels
50-60 percent higher than the bedroom.

CO concentrations were more even between
the two rooms (about 5 PPM in March and
8.75 PPM in December, with concentration in
the cooking room slightly higher in each
period). Biomass use during short periods of
intense combustion results in high levels of RPM
in the cooking room, whereas slow-burning
coal stoves for the heated bed yield low RPM
levels but relatively high CO levels;

*  Guizhou. The highest concentration of indoor
air pollutants was the attic area, where the
chimney ends. Concentrations in the bedroom
were similar to or even slightly higher than in
the cooking/living room. The bedroom is an
important exposure microenvironment even
though it has no stove and is connected by a
door to the cooking/living room. Dispersion via
the attic through the porous separation with the
ground floor results in concentrations in the
bedroom being similar to those in the cooking/
living room;

* Inner Mongolia. Cooking and heating occur
in the same room, making it the main
exposure microenvironment; and

* Shaanxi. The cooking room, heated living
room and bedroom all had relatively similar
RPM concentrations. But concentrations of

CO and SO, were highest in the heated

living room reflecting the use of coal stoves.
Pollutant levels in the bedroom were
determined by a combination of direct emission
and dispersion from other locations. High
concentrations in both the heated living room
and bedroom illustrate the important role of

heating as a source of exposure in winter.

Pollutant concentrations in middle and late
heating season. Pollutant concentrations according
to the heating season (December or March) cannot
be generalized across the four provinces. In Gansu
and Shaanxi, average concentration of all measured
pollutants were higher in December than in March
at all measurement points. In Guizhou, average
RPM concentration in the cooking/living room were
nearly equal in December and March (about 300
Ug/m?3); in the bedroom, however, average
concentration in December were approximately
one-third lower than those in March. By contrast,
average concentration of CO and SO, were

higher in December than in March in both the
cooking/living room and bedroom. High humidity in
Guizhou and the need to keep stored food dry
explain, at least in part, interprovincial differences.
In Inner Mongolia, where data collection began only
in December 2003, baseline interseasonall

comparisons were not possible.

Pollutant concentrations across multiple
measurement days. Daily variations in IAP levels
are reflected in household data subject to
measurements over continuous days (Jin et al.
2005). Pollutant concentrations across multiple
measurement days varied by a factor of 2-10.>
Standard deviation of multiple measurements for
the same household varied between 10 and 100
percent of their mean. With the exception of SO,
in Shaanxi, variation was consistently less in

December than in March.

%5 Minimum and maximum concentrations were calculated separately for each household and then averaged over all such households.
The coefficient of variation (defined as the standard deviation divided by the mean) was also calculated for each household and then averaged

over all households.
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Variability of pollution across households
(interhousehold variation) was compared to
variability across measurement days (interday
variation) for the same household. In all cases,
except CO in the cooking/living room in Guizhou
during March, variation across households was
greater than within households. This finding
suggests that factors which determine pollution
concentrations (for example, duration of stove use,
quantity and quality of fuel and ventilation and
stove use behaviors) are likely to vary more across
households than day-to-day within households.

Data Implications for Household Energy
Use Interventions

The IAP baseline data reveals the main exposure
routes in the four provinces. These findings were
used to design household energy use interventions,

as follows:

* In households with separate cooking and
living/sleeping areas and distinct cooking and
heating stoves (that is, most households in
Gansu and Shaanxi), the cooking stove is a
year-round source of exposure for women
and young children; thus, improvement in
cooking stoves can reduce exposure. Heating
during winter is possibly a greater source of
exposure for all household members than
cooking. Therefore, reducing exposure
requires more extensive improvement in
heating stoves than those used for cooking;

* In households with the same cooking and
living areas and no physical distinction
between cooking and heating stoves (that is,
most households in Inner Mongolia), cooking
is a year-round source of exposure for all
household members. Heating during winter

results in exposure periods which are equal

to or exceed those caused by cooking.
Thus, stove improvements should be
accompanied by changes in housing
arrangements which separate the main stove
from the living area; and

* In households with a separate cooking area
used only on special occasions (that is, most
households in Guizhou), most cooking
occurs in the living area, combined with
winter heating. While reducing exposure
does not call for changes in housing
arrangements, it requires stove
improvements which increase the chimney
length to limit dispersion of pollutants inside

the house (including those from the attic).

In summary, the baseline data indicate that IAP
was a serious problem in all four provinces.

On average, PM, levels exceeded the national
standard by nearly 100 percent in Inner Mongolia
and by about 70 percent in Gansu, Guizhou and
Shaanxi.* SO, levels exceeded the national
standard by 60 percent or more in Guizhou, Inner
Mongolia and Shaanxi. CO levels exceeded the
national standard by nearly 50 percent in Inner
Mongolia and by 45 and 33 percent in Shaanxi

and Gansu, respectively.y’
Household Energy Use

Household energy use surveys, including
general household and kitchen/fuel use
characteristics, were conducted for all study
households. While coal is the near-universal
fuel for heating in Guizhou and Shaanxi,

18 and 52 percent of study households in the
two provinces, respectively, use biomass as
their main cooking fuel. Such multifuel and
multistove use means that successful

intervention programs must consider

6 Chinese National Standard for Indoor Air Quality, China State Environment Protection Agency.
57 Ministry of Public Health and National Institute for Environmental Health and Related Product Safety, China CDC; Sustainable and Efficient
Energy Use to Alleviate Indoor Air Pollution in Poor Rural Areas in China: Final Report, Beijing, 2006.
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the various energy uses, combustion (stove) F; the stone coal used in Shaanxi has high
technologies and fuel sources (Tables 3.4 and S concentrations and possibly traces of
3.5). With regard to coal, for example, the type  toxic trace elements (Finkelman, Belkin and
used in Guizhou may contain traces of As and Zheng 1999).

Table 3.4: Stove Characteristics of Study Households (percent households)

Inner
Gansu Guizhou Mongolia Shaanxi

o]
i

]

Stove Use/
Type

>
Il

Cooking

Coal 230

100.0

Biomass
Range

Stove-bed
Device

Heating

Coal

Biomass Range

Underground
Stove

Kang

Pre-
n=
508
96.7

Stove-bed
Device

Cooking and
Heating

Coal

Fire Pan 85.4

484
67.4

Note: C = control, B = behavioral intervention, S + B = stove plus behavioral intervention; blank (=) cells indicate that household members did
not claim this stove type as their main stove.

Source: Jin et al. (2005).
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Table 3.5: Fuel Characteristics of Study Households (percent households)

Inner

Gansu Guizhou Mongolia Shaanxi
Fuel C B S+B C B S+B C B C B S+B
Use/ ni= = n= n= = n= = = M= = n=
Type 509 509 500 523 501 484 527 508 508 491 581
Cooking
Coadl 1.6 0.4 1.6 956 976 700 53 39 60.6 556  59.0
Biomass 984 996 984 44 2.4 30 947 961 394 444 610
Heating
Coal 34.6 163  30.2 100.0 1000 1000 = 962 802 986 96.7 962
Biomass 654 837 6938 - - - 38 198 14 3.3 338

Note: C = control, B = behaviorial intervention, S + B = stove plus behavioral intervention; blank (-) cells indicate that household members did
not claim this fuel-type as their main fuel.

Source: Jin et al. (2005).

Table 3.6: Stove Use Hours in Middle and Late Heating Season

Mean Hours Stove Used (95% Cl)

Living Area March December

Gansu

Cooking 3.0(2.7-3.3) (n = 96) 2.7 (2.1-3.4) (n = 33)
Living Room/Bedroom 2.3 (1.2-3.5) (n = 96) 4.1 (1.5-6.8) (n = 33)
Guizhou

Cooking/Living Room 16.5(15.8-17.2) (n = 96) 15.3 (14.0-16.5) (n = 32)

Inner Mongolia

Cooking/Living Room/Bedroom 7.3 (6.1-8.4) (n = 65)
Shaanxi

Cooking 8.4 (6.6-10.3) (n = 100) 9.6 (6.5-12.6) (n = 36)
Living Room 16.8 (13.7-19.9) (n = 25) 18.2 (16.1-20.3) (n = 30)
Bedroom 8.7 (6.7-10.7) (n = 98) 6.8 (2.8-10.8) (n = 24)

Note: Cl = Confidence Interval; n = number of household days of observation.
Source: Household survey (self-reported figures).

Other relevant household energy use data includes the longest daily cooking and heating periods
hours of stove use and amounts of fuel consumed. (Table 3.6). In Guizhou, where winter months are
Of the households studied, those in Shaanxi have characterized by high humidity, keeping stored food
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dry is a priority. For this reason, warmer March
temperatures may have systematically resulted
in lower energy use (and lower pollution levels)
in the living rooms in Shaanxi and Gansu, but
not those in Guizhou. (It should be noted that
the differences are not statistically significant.)
Inner Mongolia has the highest quantity of fuel

consumption (Table 3.7).
Knowledge and Behavior

In each township, approximately 150 households
were selected to complete a household

Table 3.7: Quantity of Fuel Consumption (kg/month)

questionnaire on energy technology and IAP
knowledge and behavior, which was linked to the
health survey questionnaire (Annex 3.6).%¢ In
addition, data on energy use behavior were
collected through field observation by key informants
(village health workers, and village committees and
leaders). Because cooking and child care are
primarily done by women, the questionnaire focused

mainly on female household members.

Across all provinces and sociodemographic
groups, the majority of respondents were aware
that smoke from cooking and heating is a health

Coal Biomass
Intervention Group Heating Season Other Seasons Heating Season Other Seasons
Gansu
C 47 =78 7x29 241 £ 162 201 £ 119
B 38 = 81 3=21 371 =136 258 + 98
S+B 78 £ 148 3 =49 320 =178 256 =124
Guizhou
C 366 =195 214 =138 65 =184 129 = 238
B 326 + 244 194 =183 25 =107 42 = 142
S+B 282 = 163 158 = 142 162 = 262 322 =332
Inner Mongolia
C 232 £ 115 19 =80 257 £ 130 184 =104
B 247 + 255 19 =86 369 + 255 282 + 230
Shaanxi
C 256 £ 134 185 =106 104 = 226 124 =177
B 243 = 106 161 =102 116 =241 150 = 188
S+B 229 £ 106 173 =109 103 = 204 135 =280

Note: C = control, B = behavioral intervention, S + B = stove plus behavioral intervention.

Source: Household survey (self-reported figures).

8 The household questionnaire was conducted by provincial and county staff of the Health Bureau and China CDC.
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hazard (Table 3.8). Respondents from Guizhou —a source. In terms of age groups, respondents below
poor province whose population includes a high the age of 40 had the greatest knowledge of health
proportion of ethnic minorities and limited health hazards. There was a slight gradient by education
education — had the least knowledge of the health and income, with those of higher socioeconomic
risks associated with respirable pollutants from any status generally having greater knowledge of risk.

Table 3.8: Knowledge of the Health Effects of Respirable Pollutants (percent respondents)

Province
Inner
Gansu Guizhou Mongolia Shaanxi
Questionnaire Statement! (n=463) (n=476) (n=323) (n=479)
Smoking is a health hazard 93.3 60.1 90.4 80.1
ETS is a health hazard 76.0 47.7 83.3 74.9
Smoke from burning fuel or
from cooking is a health hazard 74.5 53.8 77.3 59.7
Age Group (years)
<40 40-59 >60
(n=1,226) (n = 455) (n = 60)
Smoking is a health hazard 82.2 76.9 60.3
ETS is a health hazard 71.7 65.0 52.5
Smoke from fuel used for cooking
or heating is a health hazard 67.5 60.3 58.3
Educational Level
llliterate Elementary Junior High Senior
(n=472) (n=760) (n = 387) High and
Higher
(n=63)
Smoking is a health hazard 71.5 82.2 854 92.1
ETS is a health hazard 60.2 70.0 76.9 82.3
Smoke from fuel use for
cooking or heating is a
health hazard 53.6 68.6 70.8 85.5
Income Group?
< 1,500 1,500-2,999 3,000-4,499 >4,500
(n=137) (n =442) (n =452) (n = 684)
Smoking is a health hazard 62.2 75.6 79.2 86.8
ETS is a health hazard 50.4 63.1 67.6 77.8
Smoke from fuel use for cooking
or heating is a health hazard 55.6 65.0 61.9 62.2

! ETS = Environmental Tobacco Smoke.
2 Combined value of cash income and subsistence food.

Source: Jin et al. (2006).
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Regarding knowledge of the causes of IAP, only
16 percent (Guizhou), 12 percent (Shaanxi) and
5 percent (Gansu) of those interviewed knew that
smoke from fuel combustion contains harmful
components, including dust, CO, SO,, fluoride,
As and “other chemicals.” The link to indoor air
quality was only clear for respondents in Inner
Mongolia, where recent efforts have encouraged

the installation of ventilation fans (Table 3.9).

Even where knowledge of health risks exists, it
must be coupled with knowledge about effective
interventions (or solutions) from which individuals
and households may choose. Table 3.10 illustrates

that awareness about interventions for reducing
indoor smoke was relatively low, except for
improving stove and chimney’’ in Shaanxi,
where an improved stove program has been in
place, and in Inner Mongolia, where efforts are
under way to improve the design of the bed-stove
configuration in newly constructed homes. In all
four provinces, few respondents thought that
improving stove-handling skill would reduce indoor
smoke from energy use. Most respondents could

not identify alternative fuels.

Chapter 4 (Annex 4.2) presents the energy/IAP

knowledge and behavior survey data, combining

Table 3.9: Knowledge of IAP Sources by Province (percent respondents)

Inner
Gansu Guizhou Mongolia Shaanxi
IAP Source (n=463) (n=476) (n=323) (n=479)
Cooking 36.7 51.6 77.7 63.1
Heating 16.8 38.3 57.6 54.1
Smoking 16.0 42.4 71.5 55.7
Poor or Limited Ventilation 23.3 49.0 63.8 42.3

Note: In the questionnaire, IAP was defined as the contaminated/polluted/bad air inside the house.

Source: Jin et al. (2006). Reprinted with permission from Elsevier.

Table 3.10: Knowledge of Methods to Reduce Smoke from Energy Use by Province (percentage respondents)

Inner

Gansu Guizhou Mongolia Shaanxi
Method (n=463) (n=476) (n=323) (n=479)
Improving Stove 29.2 324 61.9 71.6
Improving Chimney 214 29.7 26.0 68.4
Improving the Skills of 12.5 19.4 19.8 13.9
Stove Handling®
Improving Ventilation® 57.7 34.8 65.9 46.6
No Smoking Indoors 45 22.4 44.3 15.7
Spending Less
Time Using Stove 6.9 17.6 10.8 8.3

@ Examples given to respondents included splitting wood into small pieces and cleaning ash regularly to allow better burning.

b Examples given to respondents included opening windows and doors.
Note: n = number of households.

Source: Jin et al. (2006). Reprinted with permission from Elsevier.
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pre- and post-intervention measurements for

all study groups.
Gansu

In Gansu, women'’s IAP-related knowledge
before the health education and behavioral
interventions was similarly low among all three
study groups. Only about 33 percent
understood that cooking is a source of IAP, and
less than 20 percent understood that heating is
another source. By contrast, 70 percent or
more understood that IAP is a health hazard.
Consistent with the poor understanding of IAP
sources, only about 30 percent and 20 percent,
respectively, understood that improved stoves
and improved chimneys could reduce IAP. Age,
education and income differences did not yield
consistent differences in understanding of
IAP-related knowledge. Indoor use of fire pans
was extensive, ranging from 70-85 percent of
households in the control (C) and behavioral
intervention (B) groups; only 33 percent of
households in the stove plus behavioral
intervention (S + B) group reported this
practice. Age, education and income
differences were not influential factors in

explaining fire pan use.

Women'’s stove use and maintenance practices
varied; they were poor regarding closing the
stove door when in use, yet strong with regard
to use of shorter wood and moderately good
with regard to watering ash before removing.
Some 80 percent or more women often open
windows while cooking. Women younger than
30 years of age displayed similar practices as
women over 30. The practices of women with a
junior-high school education and above were
moderately better than those with only primary
schooling or less. Income differences did not
appear to influence stove use behavior. Before
the health education and behavioral
interventions, children in Gansu had little

knowledge of IAP sources, health effects and
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control methods; nearly 40 percent were often
in the kitchen.

Guizhou

In Guizhou, 50-60 percent of women in the
three household groups understood during the
baseline period that IAP could affect health.
Less than 20 percent understood the source of
dental fluorosis, and almost none were aware
that coal and unwashed food could be a source.
Age of women was not a significant factor
influencing understanding, but education was;
the illiterate showed considerably less
awareness of the IAP health effect than those
with primary or higher education. Those with
higher incomes also tended to be more aware
of the risks. Most households dried corn and
chili with coal smoke, and most (with the
exception of S + B households) did not wash
food before cooking. Age, education and
income were not significant factors influencing

the method of food treatment.

With regard to stove use and maintenance
habits, 70 percent or more recognized that the
stove mouth should be covered after adding
fuel. However, only 25 percent or less
understood the advisability of watering coal ash
when removing. As in the case of food
treatment, age, education and income were

not significant factors influencing stove use

and maintenance habits. Most households

(70 percent or more) often open windows while
cooking. Age and educational differences do
not appear to strongly influence this behavior,
but a greater percent of households with higher
incomes open windows while cooking. Less than
10 percent of children exhibited knowledge of
the source of IAP. But the health education
group exhibited relatively strong knowledge
about IAP pollutants, their effect and control
methods; this knowledge was three times or
more the percentage for the C group, perhaps

indicating survey inconsistency.
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Inner Mongolia

In Inner Mongolia, understanding the sources of IAP
was high (60-80 percent). Cooking was identified as
the primary source of IAR followed by heating and bed
aeration. Mostwomen (50-75 percent) understood that
improved sfoves would lead fo reducing IAR but fewer
(25 percent or less) understood that improved stove use
would also reduce IAP Age, education and income
differences are not reflected in consistent differences in
IAP-related knowledge. Some 90 percent of households
have a stove-bed heating device, and most (at least in
the B group) have no separation between the stove and
bed. Again, age, education and income differences do
not appear fo influence household structures. Children
had a relatively high understanding of IAP sources, and
a relatively good understanding of the health effect of
not separating the stove-bed arecs.

Shaanxi

In Shaanxi, more than 60 percent of women
exhibited understanding during the baseline period
that improving stoves is a method for IAP control.
However, less than 40 percent and 20 percent,
respectively, understood that greater ventilation
and improved fire-handling skills could reduce IAP
There was no consistent pattern with regard to
age, education, or income. Only about 15 percent
of households dry corn and chili in coal smoke,
and an even smaller percentage store these foods
near the stove. As in the case of IAP control, age,
education and income do not appear to influence
food treatment methods.

During cooking, some 50-70 percent of women —
especially those below 40 years of age and those
better educated and with higher incomes — often
open windows. More than 90 percent understood
that use of shorter wood contributes to reducing IAP;

while more than 66 percent inthe S + B group
understood that the stove mouth should be closed
after adding fuel, less than 40 percent in the B
group did. Age, education and income did not bear
significantly on stove use habits and maintenance.
Among students, only 6 percent understood the
source of AP, but 40-50 percent understood the
reference to pollutants and health effects. About

33 percent of students had heard of dental fluorosis,
and about 25 percent were aware of prevention
methods. Most students (70 percent or more) stayed
out of the kitchen to avoid smoke inhalation.

IAP-related Health Symptoms

Baseline data on the health conditions and status of
the project target populations were drawn from a
comprehensive health survey questionnaire of all
women and children aged eightto 12 in the target
households (intervention and control groups)
(Annex 3.6). Also, extensive health examinations
were conducted for all women (above 18 years of
age) and children (eight to 12 years old) in the
study households. Furthermore, extensive testing
was conducted of children under five for acute
respiratory infection. The technical survey methods
used and health examinations are outlined below.

Technical Designs

Health examinations were conducted regarding
lung conditions, eye and nose infections,
evidence of fluoric and As toxins and acute
respiratory infection in children. Regarding
lung conditions, a sample of 150 women and
150 children (eight to 12 years of age) was
randomly drawn from the S + B and C groups.
Experienced clinicians selected to conduct the
lung examinations were trained and tested on
the use of specialized equipment.®

? The health survey was designed according to the general questionnaire of the International Atmosphere Standard Consultant Committee
(ATS-DLD-78) and modified to account for Chinese conditions. Surveyors (113 in total) were trained, based on the “Investigation Training Manual
for Health Surveys” and “Investigator Manual for Knowledge Attitude Positive (KAP) Surveys.”
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To test for fluoric and As toxins in household
members, urine samples were taken from women
and children (eight o 12 years of age). In both
Gansu and Shaanxi, 100 persons were selected
from each of the S + B and C groups. In Guizhou,
fluoric presence was tested on a similar basis, but
including the B group. In Inner Mongolia, urine
testing applied to the B and C groups. Experienced
clinicians selected to conduct the examinations
were trained according to the “Diagnostic Criteria
of Endemic Arseniasis” and “Clinical Diagnostic
Criteria of Dental Fluorosis.”

Acute respiratory infections among children (under
five years old) were monitored extensively for all
project household groups. Township clinicians,
trained according to WHO standards for diagnosing
acute respiratory infection,*° conducted bimonthly

examinations over a three-month period.

All questionnaire surveys and medical
examinations were conducted after the subject

(or his or her guardian) signed a consent form.
Resulting Data

The baseline, IAP-related health symptoms of

the target households in the four provinces were
serious (Table 3.11). During the three months
prior to the baseline health survey, some

15 percent of women in the target households
experienced |AP-related respiratory symptoms
(for example, running nose and coughing with
phlegm), 13 percent had IAP-related eye
symptoms (for example, irritation) and 27 percent
had IAP-related neurological-mental symptoms
(for example, headache and dizziness). During the
two-week period prior to the baseline health
survey, some 20 percent of children aged eight
to 12 experienced IAP-related nasal symptoms,

7 percent had pharyngeal symptoms and

4 percent had eye symptoms. Fifteen percent of

children under five had symptoms of acute
respiratory infection. In Guizhou, fluoride urine
concentrations in women and children were 1.35
and .90 mg/L, respectively; 27 percent of children
in that province were exposed to foods
contaminated with fluorides from coal smoke.

Annex 4.3 presents in full the detailed baseline
data for IAP-related health symptoms,
combining pre- and post-intervention findings

for all study groups.
IAP Interventions

The baseline data on IAP-related health
symptoms underscored the seriousness of the
IAP problem in the study areas, as illustrated by
the finding that some 15 percent of children
under age five suffer symptoms of acute
respiratory illness. Baseline data on IAP
concentrations illustrated the need for
alternative stove technologies, including
improved ventilation systems, while information
on household energy use provided the
fuel-specific, local design features for adapting
these technologies. Baseline data on IAP-related
knowledge and household behavior
demonstrated the need for health education and
behavioral interventions tailored to both local
conditions and the general circumstances of the
project provinces, counties and townships.

The next sections describe the resulting stove
and ventilation improvements and health
education and behavioral activities implemented

in the four study areas.
Selecting Alternative Stove Technologies

In response to the core |IAP-related site
problems, stove improvements were designed to
increase combustion efficiency and reduce

emissions. Combustion efficiency and emission

60 “Management and Instruction Manual for Acute Respiratory Infection (ARI) in Infants.”
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tests of original and improved stoves were
conducted in five to eight representative
households for the S + B groups in Gansu,
Guizhou and Shaanxi and the B group in Inner
Mongolia (Table 3.12).

In total, 27 improved stoves, involving five
stove-types, were pilot-tested. All were checked
in the study households by scientists and
engineers from the Institute for Environmental
Health and Related Product Safety of the

China CDC. Once selection was narrowed,

the improved models were installed in 30-50
households in each province before

large-scale installation.

Indexes for pyrology efficiency were
determined based on the national standard
(Testing Method for Household Use of Coal and
Biomass Stoves [GB6412-86]). The amount of
fuel needed to heat and vaporize a given
amount of water was measured; tests were
conducted under both controlled and local

home conditions to measure ideal and actual

Table 3.12: Types and Number of Stoves Tested

performance, respectively. Pollutant emissions
(PM,,,
heights and distances from the stoves; each

S0, and CO) were measured at given

pollutant was continuously tested relative to the
amount of fuel consumed. The analysis method
and instruments used were the same as those

described for IAP monitoring.
Stove and Ventilation Interventions

Some 2,500 alternative stoves were provided to
households on a subsidized basis (S + B groups
in Gansu, Guizhou and Shaanxi and B group

in Inner Mongolia). In addition, some 200
households from the B groups chose to install
new stoves at full cost. Improved ventilation
systems complemented the introduction of new
stoves (Table 3.13).

Pre- and Post-intervention Comparisons

Taking into account local fuel use, household
conditions, housing structure and other factors,
stove improvements were adopted in the study

counties/provinces, as follows:*!

Before Intervention After Intervention
Province Fuel-type Stove-type Number Stove-type Number
Gansu Biomass Brick or clay Cooal/biomass 8
stove two-fuel stove
Guizhou Coal Simple metal Air-circular stove 6
stove (Beijing stove)
Inner Biomass Brick or clay Improved 8
Mongolia stove-bed device stove-bed
Shaanxi Cooal Separate coal 3,2 Two combustion 23
and biomass chambers for both
ranges, basic biomass and coall,
underground combustion chambers
chambers stove with improved insulation

61 The detailed structures and technical parameters of the stoves are provided in the final project report of the China CDC.
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Table 3.13:Improved Stoves and Ventilation Systems Installed in Study Areas

Intervention Group

S+8B B

Study Area Intervention-type Number of Intervention-type Number of
(county, Finished Devices Finished Devices
province) Installed Installed
Guiding, Alir-circular coal 500 Chimney extends 430
Guizhou stove, chimney outdoors

extends outdoors
Hui, Coal/biomass two-fuel 500 Coal/wood-using 71
Gansu stove, stove,

air-sucking heating-bed 500 Heating-bed used 29

used with wood with wood
Helingeer, NA NA Separate stove-bed 62
Inner device
Mongolia
Ankang, Coal-using stove, 469 Underground stove/ 91
Shaanxi underground stove 469 range using coal

with chimney

Note: S + B = stove plus behavioral intervention, B = behavioral intervention.

NA = Not applicable.

Hui, Gansu. Cooking stove (Figures 3.1qa, b).
Most of the original brick or clay (biomass) range
stoves had limited insulation with either no
chimney or one whose diameter or height resulted
in inappropriate ventilation. The new stoves are
constructed of stronger material and are insulated. The
size of the combustion chamber and chimney diameter

and height are designed for appropriate ventilation.

Heating stove (Figures 3.1a, b). Most of the
original brick or clay (biomass) heated beds

had limited insulation and an opening for fuel

inside the room, resulting in smoke. They had
either no chimney or one whose diameter or
height resulted in inappropriate ventilation.
The new stoves are constructed of stronger
material and are insulated. The fuel opening
is outside the room with an airflow system to
transfer heat through the bed-stove
combination. The chimney diameter and
height are designed for appropriate
ventilation. A fire pan is sometimes used for
heating, making tea and cooking

small meals.
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Guiding, Guizhou: Cooking and heating stove
(Figures 3.2q, b). Original coal iron stoves
were simple, enclosed metal containers

with limited insulation and no door.

Chimneys, equipped on some stoves,

seldom extended outside the house.

The new air-circular stoves have an internal
metal combustion chamber and outer metal
body, separated by air. They are insulated
and have a multilayered upper door to fit
variously sized cooking pots. The chimney
extends outdoors.

Figure 3.1a: Original Biomass Range (left), Bed-heating Device (center) and Chimney (right), Gansu

Key Disadvantages:
*  Poorly structured biomass range
* Incomplete combustion and heavy IAP

No smoke tract for bed-heating device
Poorly structured chimney and restricted exhaust

Figure 3.1b: Improved Biomass Range (left), Bed-heating Device (center) and Chimney (right), Gansu

Key Advantages:

* Improved structure of biomass
range
¢ Clean combustion and efficient

energy use
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Increased height of chimney with better
ventilation
Smoke tract for bed-heating device with

safer and more efficient heating
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Figure 3.2a: Coal Iron Stove (left) and Chimney (right), Guizhou

Key Disadvantages: * Chimney extends only into the attic
* Incomplete combustion * Released smoke used to dry food

* Heavy IAP emission

* Stoves in serious disrepair

Figure 3.2b: Air-circular Stove (left) and Ventilation System (right), Guizhou

Key Advantages: * High acceptance
* Complete combustion * Chimney extends outdoors
* Lower IAP emission e Chimney wind cap exhausts smoke

* Adapted local customs
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Helingeer, Inner Mongolia. Cooking and heating  house design and construction to separate the
stove (Figures 3.3a, b). The original brick or cooking component from the heated bed. In
clay (biomass) cooking stove was connected toa  some cases, stoves have been moved out of the
bed to create a bed-stove. Stove improvements bedroom, and ventilation fans have been

are limited because they require changes in installed in the kitchen.

Figure 3.3a: Original Biomass Stove-bed Device, Inner Mongolia

Key Disadvantages: * No barrier between stove and bed
* Restricted ventilation resulting in heavy IAP * Safety hazard, especially for children
* Poorly structured with inefficient heat

Figure 3.3b: Improved Biomass Stove-bed Device, Inner Mongolia

Key Advantages: * Exhaustfan placed in kitchen
¢ Stove moved out of bedroom (if two or ¢ Chimney extended outdoors

more rooms) * Added smoke tractfor more efficient heating; and
* Stove and bed separated by a barrier * Burns reduced for children

(if one room)
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Ankang, Shaanxi. Cooking stove (Figures 3.4q, without chimneys. Stove improvements include
b). Construction similar to that of Gansu (see better-insulated combustion chambers, with
Figures 3.1a,b). Heating stove (Figures 3.4q, b). chimneys that extend outside the house

Coal stoves for heating were built underground, above the eave.

Figure 3.4a: Original Coal Range (left) and Underground Stove (right), Shaanxi

Key Disadvantages: *  No bed ventilation
* Incomplete combustion with heavy IAP
* Stove with no mouth ring or chimney

Figure 3.4b:Improved Coal Range (left) and Underground Stove (right), Shaanxi

Key Advantages: * Hotwater supply
* Energy-saving * Chimney extended outdoors

*  More efficient heating
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Table 3.14 summarizes the costs of the new stoves

and ventilation devices for each study province.

Developing Health Education and
Behavioral Activities

In all provinces, the following health education and

behavioral activities were undertaken:

e Sources of IAP. Fuel, stove and behavioral

sources of IAP exposure were emphasized.

These included coal-types (for example, those .

with higher S or F content); stove characteristics

(for example, lack of chimney or one not

extending outside the house, bed-stove or

heated bed without physical separation

between fuel and living areas and poorly

ventilated stoves and cooking ranges); and

stove use behaviors (for example, not closing/

covering the stove door or using too large

pieces of fuel to allow for proper combustion); .
* Health hazards of IAP exposure. Emphasis

was on both the role of chronic exposure to IAP

as a health hazard and specific diseases and

Table 3.14: Stove Intervention Costs by Province

symptoms familiar fo the population

(for example, respiratory diseases, eye and
vision problems, dizziness, headache and CO
poisoning). In provinces where coal contains
specific trace pollutants

(for example, F), the associated health
outcomes (for example, dental and

skeletal fluorosis) and routes of exposure

(for example, deposition on food dried over
fire) were also emphasized;

Benefits of stove improvement. Fuel change
and stove improvement to

reduce IAP exposure were promoted. Local
fuels and stoves were emphasized, as were
stove quality and maintenance.

In Guizhou, where it was possible to

extend the chimney of existing stoves,

use of a longer chimney was

emphasized; and

Alternative stove use and ventilation
behaviors. Specific stove maintenance and
stove use behaviors were presented as

alternatives to the behavioral determinants

Stove or Total Household Intervention
Province Device Adopted ~ Cost (RMB¥) Portion Group
Gansu Cooking Stove, 320-350, 120-150 S+B
Heating-bed 370-420 (including partial
Device materials and labor),
Guizhou Air-circular Stove 300 100 (including S+B
transport and
fittings, for example,
chimney)
Inner Mongolia  Stove-bed Device 400 100-400 (including B
partial materials
and labor)
Shaanxi Underground Stove 585 185 (including S+8B
and Oven transport, partial

materials and labor)

Note: S + B = stove plus behavioral intervention, B = behavioral intervention.

Source: Chinese Center for Disease Control and Prevention.
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Figure 3.5:lllustrative Health Education and Behavioral Materials
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of exposure. These included fuel-handling,
closing or covering stove doors and

better ventilation of the cooking and

living areas (subject to constraints of

winter temperatures).

Health education and behavioral activities were
extensive (Table 3.15). In addition to the 3,500
households and 5,000 students directly
engaged, many more township residents (in the
S + B and B groups) were reached through
broad distribution of some 27,000 information
leaflets. Some 5,850 students participated in a
composition contest on IAP, its health hazards
and ways to reduce the problem. An array of
materials (bulletin boards, films, visits to model
homes, manuals and village meetings)

contributed to building awareness.

and IAP exposure. Following is a summary account
of the key messages conveyed and methods used

for each province.

Gansu. Key message: “IAP is caused by the
improper ventilation of the old stove and use of
fire beds and fire pans.” Health education training
was provided to 50 and 30 persons in households
inthe S + B and B groups, respectively. Village
meetings were held, led by township hospital
officials, village cadres and doctors. IAP
information (including the costs of not addressing
the problem and the relative inexpensive options
for reducing IAP exposure) was publicized.
Women played a prominent role, holding family
meetings fo exchange skills and to discuss ways to
decrease indoor smoke and the advantages of

new stoves. Where possible, VCDs were played to

Table 3.15: Number of Households and Persons Involved in Health Education and Behavioral Activities

Group

S+B B
Study Area Community School Community School
(County, Province) (Households) (Persons) (Households) (Persons)
Hui, Gansu 500 1,000 500 450
Guiding, Guizhou 500 800 500 1,400
Helingeer, Inner NA NA 450 460
Mongolia
Ankang, Shaanxi 500 530 500 330
Total 1,500 2,330 1,950 2,640

Note: S + B = stove plus behavioral intervention, B = behavioral intervention; NA = Not applicable.

Matching Key Messages to Local Realities

Health education materials were prepared
separately for each province so that specific
messages could be matched to local geography
and climate, fuel and stove and sociocultural
factors. Preparation and dissemination of the
materials also took into account the roles of men

and women in household energy choice, stove use
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demonstrate IAP health risks and methods to avoid
them. Visits were made to model households,
notably to Mayan township where women in
model households demonstrated the use and
maintenance of improved stoves. VCDs were also

played in the local schools to educate students.

Guizhou. Key message: “Coal used in heating

and cooking contains fluoride, which harms health
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and leads to fluorosis.” The slogan “Prevent
Fluorosis, Chimney Outdoors” was painted on the
chimneys of more than 1,000 households. Health
education activities were conducted mainly in
community centers and primary and middle
schools. More than 450 persons, mainly from
households in the B group, were trained in health
education. Village rules and pacts were made to
reduce IAP, control fluorosis and change villagers’
habits and behavior. Bulletins, films and
addresses by specialists and country and township
leaders outlined how to prevent and control AP

and fluorosis.

Inner Mongolia. Key message: “Use of a stove
connected to the bed in one room leads to
scalding of children and IAP, so stove and bed
should be in separate rooms.” Village meetings
were held, led by township hospital officials,
village cadres and doctors. Twenty-seven persons

received health education training. Bulletins and
other IAP-related materials were distributed widely.
Visits to model homes and women'’s small-group
discussions contributed to better understanding of
the IAP problem and options for reducing
exposure. The county government reinforced the
campaign by requiring new house construction to
separate the bedroom and kitchen.

Shaanxi. Key message: “People suffer from
fluorosis by using local bone coal with high
fluoride content in underground stoves without
flues.” Only 35 persons received health
education training. Village working groups
organized meetings of five to eight women at a
time to discuss IAP health risks and ways to
decrease indoor smoke. The advantages and
proper use and maintenance of new stoves
were described. VCDs and other educational

materials were used.
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4. Intervention Resulis*

Zheng Zhovu, Fei Yu, Zuzana Boehmova, Enis Barig and Majid Ezzati

The changes which resulted from the stove and
behavioral interventions discussed in Chapter 3
demonstrate the effectiveness of the project’s
heating-stove interventions in reducing IAP from
coal and biomass fuels. Cooking stove
interventions, whereby users modified combustion
patterns more regularly (which included large
fluctuations in combustion intensity), exhibited
more mixed performance. When energy was used
for heating, the fuel combustion pattern was more
stable and less intense. The improved heating
stoves (including the heated bed in Gansu and the
underground stove in Shaanxi), which separated
the combustion chamber from the indoor
environment and/or ventilated smoke outdoors,
were effective in reducing IAP and were not
sensitive fo user behaviors. Thus, well-designed
and -constructed stove improvements can
significantly reduce IAP exposure and its associated
disease burden in China, where heating is a basic

energy use for much of the population.

The following sections describe the outcomes
which resulted from the project’s alternative
stove technology (including improved ventilation
systems) and health education and behavioral
interventions. Results are reported according to
the four major outcomes: stove use and
potential stove efficiency, IAP, IAP-related

knowledge and behavioral indicators and
IAP-related health symptoms.

Changes in Stove Use

In the project provinces and China generally,
multifuel and stove use are common features of
household energy because of fuel availability and
multiple energy uses (for example, cooking and
heating). Still the relative importance of fuels
varies by project province. In Guizhou and
Shaanxi, for example, use of coal for heating is
nearly universal (a small proportion of households
in Shaanxi use biomass). In Gansu and Inner
Mongolia, biomass is the main cooking fuel, and

coal plays a major role in heating (Table 4.1).

Because of the project’s short time span, fuel use
composition was assumed to remain largely
unchanged throughout the project period. Stove
and stove-ventilation data show improvements in
technical characteristics (for example, whether a
stove had a chimney or whether it extended
outside the house) in the S + B group, as the

intervention design intended.

Improvement in stove ventilation also occurred
in the B group (for example, improved chimney
in Guizhou and Shaanxi and reduced reliance

on stove-bed device in Inner Mongolia).

* Portions of this text is from the article by project team members Yinlong Jin et al., “Exposure to indoor air pollution from household energy use in
rural China: the interactions of technology, behavior and knowledge in health risk management,” Social Science and Medicine, 2006 June;
62(12):3161-76. Permission for reproduction of material was granted by Elsevier.
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Table 4.1: Baseline Fuel Use Among Study Participants (percent households)*

Inner
Gansu Guizhou Mongolia Shaanxi
C B S+B C B S+B C B C B S+B
n= n= n= n= n= n= n= n= ni= n= n=
Fuel 509 509 500 523 501 484 527 508 508 491 581
Cooking
Cool 1.6 04 16 943 975 692 53 39 606 556 59.0
Biomass 984 99.6 984 57 25 308 947 96.1 394 444 61.0
Heating
Cool 346 163 302 100 100 100 96.2 802 98.6 96.7 96.2
Biomass 65.4 837 698 0 0 0 38 198 14 3.3 3.8

“ Figures are based on a survey question which asked household respondents about main fuel for cooking and heating.
Note: C = control, B = behavioral intervention and S + B = stove plus behavioral intervention; n = number of observations.

Provincial Results

Intervention results by province were as
follows (Table 4.2):

62

Gansu. Inthe S + B group, stove and stove
ventilation data showed improvement in stove
technical characteristics (that is, presence or
length of chimney), as a result of the
intervention design. Among the B group,
improvement in stove ventilation were noted
(that is, chimneys extended higher above
the ground). For all three groups, the
percentage of households using coal
stoves increased (although S + B and B
showed larger increases than C);
Guizhou. The S + B and B groups showed
significant improvement in stove technical
characteristics. Inthe S + B group,

post-intervention, all households had chimneys

extending outdoors (reflecting a dramatic
increase of 88 percentage points compared to
the baseline). The percentage of biomass
range use declined in all groups;

Inner Mongolia. Households in both groups

(B and C) exhibited increased use of biomass
ranges following the interventions. Reliance on
the stove-bed heating device decreased for
households in the B group, while it increased
for those in the C group. In terms of separation
between stove and bed, after installation of
exhaust fans, B group households showed little
change, while separation increased for C
group households; and

Shaanxi. S + B groups reported a sharp
increase in the use of chimneys. In
particular, all households in the S + B group
had chimneys for coal and underground
stoves, while most B group households did

not have chimneys.
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Energy Efficiency under Controlled Conditions

Under controlled conditions, fuel and heat
efficiency of the new stoves increased
significantly over that of the old ones (no data
on actual user conditions were collected).

In these tests, the fuel that new stoves consumed
to vaporize a given amount of water under
household conditions decreased 30-50 percent.
With the exception of the new stove used in
Shaanxi (where increased ventilation of the
heating stove may have led to higher fuel
consumption), heat efficiency increased

25 percent on an average.

Changes in IAP Levels

Air quality monitoring following the
stove/ventilation interventions mirrored the
techniques for collecting baseline data. With
few exceptions, the same households were
selected for post-intervention testing of RPM,
CO and SO, levels. Two testing methods were
used: 1) approximately 75 households (some
27 from each of the S + B, B and C groups)
from each province were tested for one
complete day in December 2004 and March
2005; and 2) smaller sets of households

Table 4.3: Comparing Fuel and Heat Efficiency of Old and New Stoves

Fuel Consumption (Kg/h)

Heat Efficiency (%)

Province Stove-type Fuel Old New % Old New %

Stove Stove Change Stove Stove Change
Guizhou Air-circular Coal 0.84 0.58 30 12 15 25
Gansu Biomass Biomass 3.84 1.88 51 13 17 31
Shaanxi Underground Coal 1.02 0.60 41 26 21 -19
Inner Stove-bed Biomass NA NA NA 9 13 19
Mongolia Device

Note: Heat efficiency equals weight of fuel needed to bring a fixed volume of water to boil.
Increased heat efficiency (%) equals heat efficiency of new stove minus heat efficiency of old stove divided by heat efficiency of old stove.

NA = Not applicable.

While both efficiency and pollutant emissions are
related to the combustion process, they are
separate characteristics; reducing pollutant
emissions was the main goal of this project.
Measurements under household conditions
indicated that the new stove/ventilation
technologies not only had higher fuel and heat
efficiency, but considerably lower emissions (per
unit of heat). With regard to environmental
implications, the results were too mixed or limited

to draw conclusions.
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(some six from each province) were tested
continuously over four-day periods in
December 2004 and March 2005.

The measurement points used were the
same as during the baseline phase.

In addition to the above household
measurements, pollutant levels from a
small number of old and new stoves
were measured under controlled stove
use conditions equivalent to ideal stove
use behavior. For these controlled
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measurements, local fuel was used and Changes under Controlled Conditions
scientists and engineers from the
Institute for Environment Health, China CDC,

operated the stoves. Concentrations of indoor

Under controlled conditions, reductions in RPM
concentrations were consistent and substantial; most
air pollutants were measured at given were statistically significant, despite the small number of
distances from the stoves for the duration tests. For SO,, the reduction in Shaanxi was substantial,
reflecting high preintervention concentrations resulting

from the type of coal used (Table 4.4).

of combustion of an approximate fixed
amount of fuel.

Table 4.4: Change in Pollutant Concentrations under Controlled Conditions

Stove Fuel RPM (ug/m?) CO (PPM) SO, (PPM)
Gansu
Preintervention Wood 3,400 (n=7) 64.8(n=7) NA
Cooking Range
Post-intervention Wood 60 (n=7) 7.5(n =8) NA
Cooking Range

-3,340 (-98%) -57.3 (-88%)
JAN (p =0.04) (p =0.04)
Guizhou
Preintervention Row 3,520 (n = 5) 14.5 (n = 5) 1.25 (n = 6)
(Beijing Stove) Codl
Post-intervention Row 420 (n = 5) 5.0 (n = 4) 1.14 (n = 6)
(Air-circular Stove) Codl

-3,100 (-88%) -9.5 (-66%) -0.11 (-9%)
JAN (p = 0.006) (p =0.08) (p=0.62)
Shaanxi
Preintervention Stone 1,240 (n = 6) 23.0 (n = 6) 7.96 (n =5)
Cooking Range Coal
and Underground
Stove
Post-intervention Stone 90 (n = 4) 5.8 (n = 4) 0.92 (n = 4)
Cooking Range Coal
and Underground
Stove

A

-1,150 (-93%)
(p=0.18)

-17.2 (-75%)
(p=0.01)

-7.05 (-89%)
(p=0.21)

Note: n = number of observations; /\ = absolute reduction in pollutant concentrations

Source: Chinese Center for Disease Control and Prevention.
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Changes under Household Conditions

The levels and changes in concentrations of
pollutants under household use condition

show substantially more heterogeneous

stove performance than in controlled tests

(Annex 4.1).6% It should be noted that the
proportional reduction in 24-hour household
concentrations after the stove infervention may be
lower than those in controlled tests for two possible
reasons: 1) user skills and behaviors may lower
the pollution-reducing effectiveness of a stove; and
2) twenty four-hour measurements consist of
periods when the stove is burning intermittent
with those when the stove is off. Therefore,
proportional reduction in 24-hour
concentrations may be less than those

observed during burning periods.

With few exceptions, post-intervention RPM
concentrations declined for S + B and B, as well
as C (for example, B group in Guizhou during the
December-January measurement period). Given
the physical separation of the three clusters, it is
unlikely that the decline in C was a consequence
of contamination effects. Rather, it may represent
determinants of indoor air pollutants external fo
the inferventions. However, temperature appears
not to have been the cause; data from the China
National Meteorological Information Center
indicate that average monthly temperatures were
slightly higher during the post-intervention periods
in Gansu, Guizhou and Inner Mongolia, and
slightly lower in Shaanxi, compared with the same
months during the baseline measurements, but not
enough to explain the RPM reduction in C.

For rooms where heating is important (living room
and bedroom), reduction in RPM concentrations

were generally less, and with lower statistical

significance, in late (March-April) versus peak
(December-January) heating seasons. This was not
the case for the separate kitchens in Gansu and
Shaanxi, where reductions in RPM concentrations
were similar during peak and late heating seasons.
This result may be related to the seasonal nature
of heating (living room and bedroom) versus a
more stable pattern of energy use for cooking
(separate kitchen). The pattern for the gaseous
pollutants (CO and SO,) was less consistent;
concentrations declined in a smaller number of
measurement points, and the proportional

reductions were smaller.
Full Intervention and Control Comparisons

In Gansu, S + B consistently had a larger decline
than C. This result was observed for both RPM and
CO in cooking and living/bedrooms. The IAP
reduction benefits of S + B were larger, with
better statistical significance in the living/bedroom
measurements than in the cooking room in
December-January; the benefits of S + B were
larger in the cooking room in March-April.
Benefits during peak heating months
(December-January) in the living/bedroom in all
likelihood resulted from major design changes of
the heated bed (Panel 1); cooking room reduction
benefits resulted from new stove construction, with

stable cooking patterns over time.

In Guizhou, S + B (with few exceptions) had
larger reductions than C for all three measured
pollutants in December-January, but smaller
reductions in March-April, especially for RPM.
None of the results in March-April were statistically
significant. The March-April finding results largely
from unusually high concentrations in the baseline
measurements for C (621 ug/m? in the cooking/
living room and 552 ug/m?3 in the bedroom),

62 Annex 4.1 shows the levels and post-intervention changes in concentrations of indoor air pollutants under household use conditions. It provides
the basis for difference-in-difference analysis by showing, for each province, the changes in IAP concentration levels for the intervention groups

compared to the control groups.
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which leads to large observed post-intervention
reductions in this group. Of the 33 measurements
leading to these baseline estimates, nine were
above 1,000 ug/m3; six of these were measured in
the same village within a two-day period. These

outliers have a relatively large effect on the results.

In Shaanxi, the effects of S + B on various
pollutants in different months were the least
consistent among the three provinces; the only
noticeable benefits compared to C were for RPM
and SO, concentrations in the bedroom. This
finding may reflect the improved combustion/
ventilation of new stoves in the bedrooms, with low
concentrations of RPM and SO, but not of CO,
which is a crude indicator of total combustion.
Reduction benefits in the bedroom were larger in
December-January than in March-April, reflecting
the seasonal nature of bedroom heating. In this
province, C outperformed S + B in terms of
change in concentrations of all three pollutants in
the living room in December-January, although
sample sizes were smaller because fewer
households used their living room stove. Cooking
room results had no consistent patterns or

statistical significance.®
Other Relevant Comparisons

In addition to comparing results between S + B
and C, comparing Band C, as well as S + B and
B relative to changes in C are also relevant. In
Inner Mongolia, where only B was undertaken,
reductions in RPM and CO concentrations for the B
group were greater than that of the C group,
although none of the differences were statistically
significant. With few exceptions, the B groups in
the other three provinces showed no significantly
different reductions in pollutant concentrations
from those of the C groups. Of the five significant
results, four indicated that B had smaller

reductions than C, and one showed the opposite.

With regard to comparing results of S + B and B,
S + B groups clearly outperformed B groups. In
Gansu and Guizhou, S + B groups reported
consistently larger reductions in concentrations of
all pollutants than did B groups during the peak
heating season; the differences were mostly
statistically significant. In Shaanxi, the S + B
groups reported larger reductions in all pollutants
during the late heating period; one-third of the

differences were significant.

Changes in IAP-related Knowledge
and Behavior

Like changes in IAP concentration levels, changes in
IAP-related knowledge and household behavior for S
+ B and B were the combined effect of stove and
behavioral activities. With regard to B, the outcome
understandably reflects behavioral activities only.
Annex 4.2 provides pre- and post-intervention
survey results for women and children in the study
households. Because the survey questions varied by
province, one should exercise caution in making

interprovincial comparisons.
IAP-related Knowledge

Questions common to all provinces included the
main sources of IAP, their health effects and
control methods. Knowledge about fluorosis is

relevant only for Guizhou and Shaanxi (Table
6.1, Annex 4.2).

With few exceptions, all groups showed
post-intervention improvement in |AP-related
knowledge. The process of completing the
health survey likely raised respondents’
awareness of the IAP problem. In some cases,

S + B groups had larger improvements than did
B groups, suggesting that the process of
participating in stove improvements could

have contributed to raising awareness of
IAP-related knowledge.

63 It should be noted that sample sizes were smaller for living room measurements because fewer households used their living room stove, which

reduced the power of testing.
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In Gansu, women in the S + B group reported
greater improvement in knowledge of health
hazards and risk perceptions than those in the C
group; most of these improvements were
statistically significant. Differences between B and
C groups exhibited no consistent patterns. With few
exceptions, women in the S + B group
demonstrated greater statistically significant
improvement than those in the B group. Among
children (with one exception), the B group
demonstrated less improvement than the C group,

and all results were statistically significant.

In Guizhou, women in both S + B and B groups
reported greater statistically significant
improvement than those in the C group. With few
exceptions, the S + B group reported greater
improvement than the B group; half of the
differences were statistically significant. For
children (except for the IAP health impact), the B
group reported greater improvement than the C
group, and the differences were mostly significant.
These results suggest that both S + B and B groups
benefited from behavioral interventions, with

S + B groups benefiting more than B groups.

In Inner Mongolia, with few exceptions, women
in B group demonstrated greater improvement
in IAP-related knowledge (except with respect
to heating as a source of IAP) than those in

C group, but the differences were mostly
insignificant. With regard to children, B group
demonstrated statistically significant greater
improvement than C group, except with respect
to the IAP health impact.

In Shaanxi, women in the S + B groups reported
greater improvement than the C group, although
half of the differences were insignificant. There
was no consistent pattern in the differences
between B and C groups or between S + B and C
groups. For children, B group demonstrated
greater improvement than C group, and the

differences were mostly statistically significant.
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Behavioral Indicators

Questions common to all provinces mainly
included stove use habits (for example, closing
stove lid, using shorter wood, watering ash and
opening windows). For children, the behaviors
included avoiding smoke and staying out of the
kitchen while cooking. Fluorosis prevention

behavior was relevant only for Guizhou and
Shaanxi (Table 6.1, Annex 4.2).

In Gansu, women in the S + B groups showed
greater improvement than C groups in all cases;
most differences were statistically significant.

B group had greater improvement than C group in
three out of four cases, but none of the differences
were statistically significant. S 4+ B groups
demonstrated greater improvement than

B group, and the differences were mostly
significant. These results are consistent with
increased awareness of IAP-related knowledge in
Gansu province. For children, the differences
between B and C groups were neither consistent

nor significant.

In Guizhou, with the exception of “washing corn
before cooking,” women in both S + B and B
groups had greater statistically significant
improvement in food treatment behavior than
those in C group. Differences between S + B and
B groups showed no consistent patterns. In this
case, participation in stove improvement appears
not to have had any effect on food treatment
behavior. In terms of stove use and maintenance
habits, both groups reported greater statistically
significant improvement than the C group. S + B
and B groups showed no significant differences.

No consistent patterns were shown for children.

In Inner Mongolia, women in B group
demonstrated statistically greater improvement
than C groups in all aspects, indicating that the
interventions were effective in changing behavior.
With regard to children, B group demonstrated
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greater statistically significant improvement than
did C groups.

In Shaanxi, in terms of food treatment behavior,
women in the S + B group demonstrated greater
improvement than those in the C group, and the
differences were mostly significant. Differences
between B and C groups showed no consistent
pattern. The S + B group exhibited greater
improvement than the B group, and differences
were mostly statistically significant. In terms of
stove use and maintenance behavior, the S + B
group demonstrated greater improvement than the
C group, although the differences were mostly
insignificant. The S + B group also reported
greater improvement than the B group, but
differences were mostly insignificant. Differences
between B and C groups showed no consistent
patterns. For children, B groups showed greater
statistically significant improvement than C groups
in behavior changes to reduce IAP exposure.

Health education and behavioral activities may
have led to incremental IAP knowledge, but it was
insufficient to convince households in B group to
incur the full cost of a new stove. It may be that
more intensive health education and behavioral
activities continued over a longer period, or
alternatively, if the cost of stove improvement
were to fall, one might observe more benefits
from such activities. It should be noted that the
cost of the stoves for the B group was
approximately one-quarter of per capita annual

net income in rural areas.

Overall, the interventions had some effects in
changing stove use habits, but the results were
more consistent and had more statistical
significance for S + B groups than for B group.
Again, stove and ventilation improvement
interventions may have facilitated |AP-related
behavioral changes. One exception is Inner
Mongolia, where the interventions were effective

in improving |AP-related behavior in the B group.

The interventions were generally less effective for
B group than for S + B groups. This finding
suggests that behavioral intervention alone is
insufficient fo change behavior or even awareness.
This finding is consistent with others regarding IAP
concentrations, which found no IAP benefits from
behavioral interventions alone. This may reflect
that people’s cooking and heating behaviors,
which are central to daily life, may be little
affected by their knowledge and concerns about
long-term health outcomes, especially where
infrastructure and household economic status limit
changes in fuels and stoves (Jin et al. 2005).
Another possibility may be that behavioral change
effects may not have been large enough to lead to
observable improvement in pollution levels,
whereas stove improvement resulted in larger,
more measurable effects. As noted previously, the
sample sizes for pollution measurements were
small (20-30 per group), which limited the power
of testing. If behavioral changes caused any
changes in pollution levels, they may have been

too small to be detected.

In terms of improving understanding of
IAP-related knowledge among women, the
interventions were effective in all S + B groups,
but mostly ineffective in B groups, with the
exception of Guizhou. As noted above,
participation in stove interventions may have
improved awareness of IAP-related knowledge.
In the case of school children, the interventions
were mostly effective, except for Gansu.

IAP-related Health Indicators

Many of the health effects of IAP exposure in rural
China involve chronic conditions with
heterogeneous definitions (Lan et al. 2002);
however, this study was not designed to detect
health benefits, which require substantially longer
follow-up and more accurate diagnostic criteria.
Because of the project’s short time frame, rigorous
collection of results and subsequent analysis were
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not feasible. But given the frequent health
complaints by women in the study provinces (for
example, headaches and lacrimation), we decided
to include a set of symptoms to gauge any
improvement in this area (Table 6.2, Annex 4.3).
This section briefly evaluates the effectiveness of

inferventions by comparing symptoms change in

infervention and control groups for each study province.

In Gansu, the differences in IAP-related health
symptoms (for example, dyspnea, nasal mucus and
eye irritation) between women in S + Band C
groups were mixed and mostly insignificant.

For children, S + B groups reported worsening
symptoms compared with C groups, although the
differences were insignificant. S + B groups
reported less increase in symptoms than B groups,
and the differences were mostly significant.

For children under age five, changes in the

incidence of symptoms of acute respiratory infection

showed no consistent patterns for S + B or C groups.

B groups reported mostly significant reductions in the
incidence of all symptoms of acute respiratory infection.
Heterogeneity of the project groups may have
accounted for this contradictory result.

In Guizhou, with regard to IAP-related respiratory,
eye and headache/dizziness symptoms, the
differences between women in S + B and C groups
showed no consistent pattern, while the

B group reported greater statistically significant
reductions than the C group for all symptoms. Urine
fluoride results showed no consistent pattern. With
regard to eye and nasal symptoms among children,
both S + B and B groups not only reported less
increases than the C group, but also less reduction
in pharyngeal symptoms; most of the results were
statistically significant. For children under age five,
both S + B and B groups reported mostly greater
statistically significant reductions in all symptoms of
acute respiratory infection than C groups.

In Inner Mongolia, with regard to respiratory, eye
and headache/dizziness symptoms among women,
the B group had greater statistically significant
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reductions in symptoms than the C group. Lung
function showed no consistent pattern. In terms of
IAP-related eye, nasal and pharyngeal symptoms
among children, the B group had statistically
greater reductions for all symptoms than the

C group. With regard to symptoms of acute
respiratory infection, children under age five

showed no consistent pattern.

In Shaanxi, with regard to |AP-related respiratory,
eye and headache/dizziness symptoms among
women, both S 4+ B and B groups reported greater
reductions than C group; however, only the
differences between the S + B and C groups were
statistically significant. In terms of urine fluoride, the
S + B group reported greater significant reductions
than did the C group. Differences between the B
and C groups showed no consistent pattern. In terms
of IAP-related eye, nasal and pharyngeal symptoms
among children, S + B groups reported greater
reduction than C groups, which were mostly
significant. The B group showed no consistent
pattern. For children under age five, with few
exceptions, both S 4+ B and B groups reported
reduction in symptoms of acute respiratory infection
post-intervention, and the increases were greater

than those reported by the C group.

Summing up, the health effects of the interventions
varied by province. Among women and children
(eight to 12), they appear to have been more
effective in Guizhou, Inner Mongolia and Shaanxi,
and less effective in Gansu. In terms of symptoms of
acute respiratory infection among children under
age five, the interventions were more effective in
Gansu and Guizhou, and less effective in Inner
Mongolia and Shaanxi. Self-reporting of health data
may have resulted in measurement error, as well as
systematic bias (for example, those in the
intervention group may have changed their
reporting behavior after the health education
program). Symptoms of acute respiratory infection
among children under age five were obtained
through evaluations by health professionals; but

because of the short duration of monitoring, it is
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likely that only a small number of diagnosed cases

were acute lower respiratory infection.

The short follow-up period for all health outcomes
may have limited changes in symptoms which occur
gradually or lag. In addition, heterogeneity among
study groups may have been a serious problem in
assessing health effects. In some cases, S + B
groups reported significant increase in certain
symptoms, while the C group showed either no
significant change or reduced symptoms. Itis
doubtful that the interventions resulted in increased
symptoms. Group-specific factors unrelated to the
interventions may have affected the health of the
respondents. Alternatively, the intervention program
may have affected the reporting behavior of S + B
and B groups differently from the C group.

Findings and Implications

Results demonstrated that heating stove inferventions
were effective in reducing IAP from the burning of
coal and biomass fuels (Table 4.5). When energy
was used for heating, fuel combustion occurred in a
more stable pattern and with less intensity.
Therefore, the new heating stoves, which separated
the combustion chamber from the indoor
environment and/or ventilated smoke outdoors,
were effective in reducing IAP and were not
sensitive to user behaviors (for example, new heated
bed in Gansu and underground heating stove in
Shaanxi). Because heating is the main energy use
throughout much of rural China, well-designed and
-constructed stove improvements can significantly

reduce IAP exposure and associated disease burden.

Results of cooking stove interventions were more
mixed because cookers modify combustion patterns
actively and regularly, leading to relatively large
fluctuations in combustion intensity. The inconsistent
findings on pollution reduction in Guizhou may have
been related to this factor because the same coall
stove was used for cooking and heating (cooking
was the primary use in March). Furthermore, a
major aim of the interventions in Guizhou was to

reduce exposure to Fluorine (F) deposited onto food
dried or stored over the attic chimney. Thus, the
interventions may have put less emphasis on the
ambient concentrations of the three indicator
pollutants used in this analysis. A small number of
attic measurements demonstrated that reduction in
concentrations of all three pollutants in S + B were
about 10 times that in C.

No IAP reduction benefits resulted from health
education and behavioral interventions alone,
despite the relative extensiveness of the program.
Introducing alternative stove handling behaviors (as
part of the health education program) led to
changes in specific behavioral indicators (for
example, covering stove door or top after fuel is
added), based on self-reported data; but these
changes had no measurable benefits for indoor air
quality. Two reasons account for this finding.

First, awareness of health risks and interventions
cannot lead to changes in fuel and stove choices
without sufficient physical and financial access to
alternative fuels and stoves. Second, the specific
behavioral changes reported by participants may not
have been sufficient to lead to reduced emissions,
given the central role of cooking and heating in daily
life. Nonetheless, health education can play a key
part in more comprehensive intervention programs
by encouraging the uptake and use of new
technologies (for example, cleaner fuels and stoves)
and reducing IAP exposure through specific routes
(for example, bioaccumulation of F in food dried

over fire).

One should also note the study’s limitations.
First, the relatively small sample size for
pollutant measurements (owing to measurement
costs) limited the statistical power of our
analysis. However, one feature of the findings
was consistency of reductions for different
pollutants, seasons and locations for some
provinces (for example, S + B in Gansu) versus
inconsistent and opposite evidence on benefits in
other cases (for example, B); sample size is less

likely to have affected consistency of results.
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Table 4.5: Summary of IAP Concentration Changes

PM

4

SO

2

p-value >0.05
< and >
0.05 <0.1 01 0.05

In

>0.05

<0.1

o1

<
0.05

>0.05
and
<0.1

>0.1

December-January Measurement Period

S+B

Gansu

Cooking Room !

Living/Bedroom !

Guizhou

Cooking/Living Room

Bedroom

Shaanxi

Cooking Room

Bedroom

Living Room

Gansu

Cooking Room 1 1

Living/Bedroom

Guizhou

Cooking/Living Room

Bedroom !

Inner Mongolia

Cooking/Living/Bedroom

Shaanxi

Cooking Room

Bedroom

Living Room
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PM, O SO,
p-value >0.05 >0.05 >0.05
< and > < and > < ond
0.05 <01 01 005 <01 01 005 <01 >01

March Measurement Period

S+B

Gansu

Cooking Room
Living/Bedroom
Guizhou
Cooking/Living Room
Bedroom

Shaanxi

Cooking Room
Bedroom

Living Room

B

Gansu

Cooking room
Living/bedroom
Guizhou
Cooking/Living Room
Bedroom

Shaanxi

Cooking Room
Bedroom

Living Room 1

Note: p < 0.05 is statistically significant at 5 percent level, p > 0.05 and < 0.1 is statistically significant at 10 percent level, p > 0.1 is statistically
nonsignificant; | = larger reduction or smaller increase, 1 = smaller reduction or larger increase; S + B = stove plus behavioral intervention,
B = behavioral intervention.

«—

—

—

—

—

—

—

—

—

—

—

—
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Second, with regard to the community
randomization design used (fo avoid or limit
contamination of the C group by the health
education intervention), differences in
environmental and socioeconomic factors (even
between townships in the same county) may
have occurred, despite efforts to select similar
villages and households. Such differences
would mean that the study design is only
partially randomized and that there may have
been differential secular trends in pollution
before and after interventions in various
townships. For example, substantially higher
biomass use for cooking in the S + B group in
Guizhou may have influenced the IAP effects of
stove interventions.

Third, day-to-day fluctuations in temperature or
other factors which determine household energy
use behavior may have resulted in variability in the
number of stove use hours and, hence, pollution
across measurement days. This variation would be
equivalent to measurement error in “usuall
pollution” for each household and reduce the
statistical significance of the findings. Converting
pollutant concentrations to per hour stove use,
based on the self-reported number of stove use
hours each measurement day, did not change

the findings.

Finally, the study did not include long-term
follow-up on the benefits of the inferventions.
Over time, it is possible that user behavior would
improve, leading fo better performance for both
interventions; at the same time, stove deterioration
could lead to a reduction in the observed

performance of the new stoves.

This study’s findings are consistent with
observational studies in China and Kenya.¢*

The emerging evidence has two implications for
scaling up intervention programs. First, stove
programs must emphasize design and
construction to ensure that solid fuel combustion is
isolated from the living and working environment
(to the extent possible) and is robust to user
behavior. This, in turn, requires facilitated multiple
purposes of energy use, including cooking and
heating, and how they may affect stove
performance and human exposure. Evidence on
alternative stove limitations also means that
sustained and robust reduction in AP exposure
requires strategies to initiate and disseminate
alternative fuels. Since macroeconomic and
infrastructure factors are likely to limit large-scale
switching to petroleum-based fuels, an important
area for future research is preprocessing of

solid fuels into cleaner ones. The next Chapter

discusses available options.

64 Alternative cooking stoves have more variable performance than cleaner fuels; the stoves are affected by design, construction and maintenance;

and ventilated heating stoves (China) have observed health benefits.
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5. Alternative Energy and Technology Options

Fei Yu, Zuzana Boehmova, Enis Baris and Maijid Ezzati

The previous Chapter discussed the various
technological IAP interventions which were tested
as part of this project. Additional household energy
use options have other environmental and
economic implications. This Chapter discusses
selected options, with emphasis on RE sources, as
well as current trends in alternative energy

generation, both worldwide and in China.
Overview

Energy is essential to meeting the most basic
household needs, whether cooking, heating,
lighting, or boiling water. Growing environmental
concerns in both the industrial and developing
world, combined with the sharp price rise in fossil
fuels — particularly oil and natural gas — over the
past few years, have increased inferest in
alternative energies for electricity generation and
transport. Although alternative fuel sources still
meet only a small percentage of global energy
demand, the more commercially viable ones are
growing rapidly. In addition, developing countries
now emphasize the development of distributed
power — localized power generation — driven by
the necessity to provide relatively cheap and
reliable power in the absence of developed
electricity grids, which are expensive to build
and maintain. This trend could have a
significant effect on alleviating poverty and
improving public health, as one chief obstacle
to rural energy supply is the distance from
power centers and insufficient energy

infrastructure in these areas.

Although advanced (high-tech) energy
innovation in developing nations is certainly
needed, energy transformation in poor areas
will take years to achieve and require
substantial investment in technology R&D.
Therefore, we also address simpler alternative
energy options applicable to existing cooking

and heating equipment in rural areas.
Global Energy Mix

In the near future, oil, gas and coal will continue to
dominate the aggregate global energy markets;
notwithstanding hydroelectric power, and the share
of RE sources will remain relatively small. At the
same time, there are outliers; for example, 77
percent of France's electricity is generated by
nuclear energy, while 20 percent of Denmark’s is
derived from wind power (Parfit 2005). Around
the world, coal (which remains abundant relative
to oil and gas reserves) continues to dominate
electricity generation; however, natural gas is
making inroads. Moreover, solar power is being
discussed as a potential solution to bring electricity
to rural communities in the developing world

which lack power and generators.

If oil and gas prices remain high, there will be
additional incentive to diversify away from these
fuels as primary energy sources. This, in turn,
could spur technology breakthroughs that make
alternative energy more attractive in terms of
cost. In the meantime, both government
legislation and market forces will determine the
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extent to which the energy mix changes over
time. Currently, the three most commercially
viable sources of alternative energy whose costs
compare favorably with coal and natural gas
are nuclear, hydropower and wind power.
Other promising sources include solar,
geothermal renewable biomass-based systems
and modified coal.

Energy Technology Context in China

China’s continuing economic growth, increasing
energy needs and strained resources will affect
its domestic and global energy markets alike,
including worldwide fuel availability and pricing.
The country’s rapid growth in energy use will
contribute to climate change and exacerbate
environmental problems. At the same time,
China’s energy concerns are accelerating the
development of alternative energy technologies,
especially renewable or clean energy.®® Under
the 2005 Renewable Energy Law enacted last
year, the government “encourages economic
entities of all ownerships to participate in the
development and utilization of renewable
energy, and protects legal rights and interests of
the developers and users of renewable energy
on the basis of law.” This law creates the
regulatory framework for RE development,
provides economic incentives and financial
support for R&D and promotes construction of
RE facilities through discounted lending

and tax preferences.%

China is now beginning to utilize the country’s
massive flow of RE sources, from biofuels to
wind and solar power. Exploitable onshore wind
resources alone could provide 253 Giga Watt
(s) (GW) of electric capacity, while offshore
resources could provide three times that
amount.®” China is already the largest producer
of solar thermal energy for hot water, boasting
60 percent of the world’s installed capacity. And
with the Renewable Energy Promotion Law, the
government has committed to producing 15
percent of the country’s power from clean
energy sources by 2020.8 Still, reaching that
goal will require an ambitious level of public
and private investment —up to Y 1.5 trillion
(US$184 billion) by some estimates.

Although China is second worldwide in total
energy consumption, electricity consumption per
capita remains low (Figure 5.1); since 2002,
the country has experienced annual electricity
shortages, mainly in coastal cities. China’s
Eleventh Five-Year Plan (2006-10) sets the
expansion of electricity generation capacity at

about 8 percent per year.

With soaring oil prices, alternative energy
becomes financially viable, although renewable
sources currently represent only 6 percent of
China’s total energy consumption. By 2020,
China’s government plans to generate 18 percent
of the country’s energy consumption from

renewable sources (Table 5.1).

65 In a November 7, 2005 speech, President Hu Jintao noted: “Prioritizing the exploitation and use of renewable 