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ABSTRACT 

Given their consequences on human health, indoor air pollution generated through domestic en-

ergy consumption is more important than outdoor pollution in the third world. The understanding 

however, of the intricate link between energy and health lags behind that of the linkages between 

water or waste management and health. The consequences of energy consumption have not been 

reflected in health care priorities in most countries. Apart from studies that examined the relation-

ship between poverty and energy, studies are also scanty in the identification of both area and 

structural characteristics of urban population in relation to energy use. This study identifies the 

nature, types and sources of energy used by household; so as to obtain a gradient of the character-

istics of energy consumption in cities of developing countries. The sources of data were primary 

and secondary. Multiple regression analysis was used to determine the relative contributions of 

household characteristics to the pattern of energy use. The findings revealed that occupation, 

household size, gender and education of household heads were significantly related to the use of 

unclean energy in the community. Incidence of cough either in the morning or evening, chest ill-

ness and watery or blood shot eyes were due to the combined effects of smoke inhaled and these 

are common symptoms of persons who use unclean energy. The authors recommend among others 

that households be encouraged to adopt measures that will reduce exposure to smoke as a means 

of adaptation. 

INTRODUCTION 
The energy sub-sector is a strategic component 

of an overall assessment of the functioning of 

the ecosystem. This functioning also possesses 

trans-boundary influences on the ability of eco-

systems to provide support to the human com-

munity. The harvesting, processing, distribution 

and use of fuels and other sources of energy 

have been shown to have major implications for 

human health (Rosenzweig and Foster, 2003; 

Hosier and Kipondya, 1993). 

More than half of the inhabitants of the planet 

earth (over 3 billion people) still depend solely 

on solid biomass fuel for domestic energy con-

sumption. These types of energy also occupy the 

lowest rung in the energy ladder due to their 

poor combustion and high concentration of toxic 

pollutants. High concentration of Particulate 

Matter (PM), Carbon monoxide (Co), Oxides of 

Nitrogen, Sulphur dioxides (SO2) and volatile 

organic compounds are able to penetrate deep 

into the lungs and appear to have great potentials 



to damage health (Sarangupani and Wexler, 

1999). Thus exposure to these elements have 

been shown to be associated with chronic ob-

structive pulmonary diseases, lung cancer, naso-

pharyngeal cancer, tuberculosis and also asymp-

tomatic for some diseases of the eye in adults 

(Smith, 2000; Barnes et al., 2009). 

Studies are however scanty in the exploration of 

the household socio-economic factors that may 

produce the observed pattern of energy use and 

the consequences for household health particu-

larly in developing countries. In this study, it is 

hypothesized that although there is   inherent 

multiple coincidence of causation, the effects of 

energy consumption could be isolated for house-

holds, and a magnitude of explanation may be 

ascribed to energy consumption in the overall 

pattern of disease occurrence in such household. 

Thus, the paper characterizes the household 

socio-economic factors that may be confounded 

with energy use in a third world city; and ex-

plore the effects of this for the occurrence of 

symptoms of respiratory infections in household 

members. 

This study is justified on the basis of the fact that 

acute lower respiratory infections constitute a 

major cause of death accounting for a substantial 

global burden of disease in Africa. The most 

vulnerable groups are women who are normally 

responsible for food preparation and cooking as 

well as children under the age of 5 years and 

infants who are usually around their mothers 

when they cook. It must be noted that although 

majority of the vulnerable to this risk are rural 

dwellers where disposable income for energy is 

limited and access to clean energy is greatly 

constrained.  This is increasingly becoming a 

problem of poor urban dwellers, a trend likely to 

increase with the urban transition (Schirinding et 

al., 2002). A study of the health consequences of 

exposure from biomass and other solid fuels in 

an African city could be justified from the per-

spective of three interrelated reasons; (i) there is 

uncertainty associated with the exact risk esti-

mates, the health burden from unclean energy is 

unacceptably high. (ii) biomass and coal will 

continue to be used by a large number of house-

holds and may increase in the future (World 

Energy Council, 1993), and (iii) the burden of 

disease from biomass energy use is highly con-

centrated in poor societies and groups that are 

also unable to, on their own, respond adequately 

to the threat. Among all environmental risks to 

human health, Indoor Air Pollution (IAP) result-

ing from domestic energy use is well recognized 

as a traditional hazard which is also related to 

poverty. According to Bradley (1992), nutrition, 

water and sanitation, diarrhea diseases, children 

and the technical aspects of tropical diseases has 

been extensive in developing countries while the 

understanding of energy-health linkages was as 

advanced as it was for others; even when it is 

estimated that solid fuel used accounts for 4.7% 

of deaths in developing countries and 4.3% of 

disability adjusted life year (Listordi and Dou-

mani, 2004). Solid fuel comes third after malnu-

trition (14.9%) of all deaths in developing coun-

tries (Smith and Mehtra, 2000). Another area of 

focus in public health investigations has been the 

risk from environmental hazards and energy in 

particular due to occupation, the elderly and the 

woman. In each case, each of these groups are 

said to suffer singly or jointly, the health impact 

of energy related to diseases and conditions of 

air pollution, injuries, stress and other conditions 

as well as vector related diseases. Issues on gen-

der and energy have not received much priority 

research attention (Listordi and Doumani, 2004). 

This is because researchers have focused more 

on the developed countries whose major preoc-

cupation is the pollution that is generated from 

industrial activities rather than the activities at 

the micro level like the household energy use in 

the developing countries. About 90% of the US 

$56 Billion invested in health research and de-

velopment by the public and private health sec-

tors goes into research on only 10% of the 

world’s population (Committee on Environ-

mental Health, 1999).  

This study will examine the relationship between 

domestic energy use and the prevalence of respi-

ratory infections in Ilorin, the capital city of 

Kwara State, Nigeria.  



MATERIALS AND METHODS 

This study employs a structured questionnaire to 

elicit information from 500 households sampled 

from the twenty traditional wards. Twenty-five 

households were sampled using a stratified ran-

dom sampling of houses from the geometric 

centre of each ward. From such centres, one out 

of every ten houses was sampled and only one 

household was sampled in case of multi-family 

dwellings. The heads of households were tar-

geted for interview. The questions were drawn to 

reveal the socioeconomic circumstances of 

households as well as how this affects their 

choice of domestic energy consumption. The 

questionnaires also requested households to rec-

ollect common household illness and diseases 

including the first major steps taken when such 

illnesses occur. Both descriptive and inferential 

statistics were used to analyze the data. At this 

juncture there is the need to give a brief descrip-

tion of the study area. 

The setting for this study is Ilorin metropolis, the 

capital city of Kwara State in Nigeria. The city is 

located on latitude 80 321N and long. 40351 E, 

marking simultaneously, the cultural and eco-

logical divide between the south-western forest 

and the Northern grassland zone of the country. 

The vegetation is in most parts of guinea sa-

vanna interspersed by trees of different species. 

The climate is tropical wet and dry characterized 

by a distinct wet and dry seasons. The mean 

annual temperature is above 26°C with at least 

five hours of daily sunshine. The mean annual 

rainfall is about 125mm within the city. 

It is possible to delimit, even if roughly, residen-

tial groupings determined by both housing den-

sity and their crowding index (Olorunfemi, 

1981). The changing economic base of the city 

is also a general framework, which the growth of 

the city can be explained. Hence, its role as pro-

vincial headquarter since the colonial period, 

state capital since 1967, and the economic ef-

fects of oil boom era of 1970s brought with it 

physical development projects. These projects 

include the army barracks; Adewole Housing 

Estates, the International Airport, and the Niger 

River Development Authority among others are 

developments that attracted physical growth for 

the city  in its different directions and at differ-

ent times and rates. The physical growth gener-

ated through this momentum also translates into 

significant changes on the population of the city. 

The population of the city was 36,000 people in 

1911; 208,000 in 1963 and 777,667 by the year 

2006 (NPC, 2006). This shows a growth rate of 

2.8 percent per annum. Although the population 

of the city might have changed significantly in 

size, the residential characteristics of its people 

have remained geographically stable. This deter-

mined often by the levels of income and ethnic 

affliction of the people. Hence the natives who 

possess their “family houses” in their interior 

area inhabit the inner city predominantly. The 

dwelling units here are multi-family houses con-

taining several rooms in traditionally designed 

edifies. It is important to note that the population 

here possesses higher tendencies for residential 

mobility as levels income or education im-

proves. Outside the inner city is the Central 

Business District (CBD), which is interspersed 

by native houses. Hence, commercial nerve cen-

tres developed outside the city centre comprise 

of early migrants and early movers from the city 

centre. The third is the urban frontier comprised 

of the development efforts like the Adewole, 

Kulende and Oloje Low Cost Housing Estates. 

Finally, there is the suburbia and the urban 

fringe, which includes old villages that have 

benefited from ‘urban invasion’. The city as 

described above is divided into twenty tradi-

tional wards for administrative purposes and 

adopted in this study for analytical convenience. 

 

The Survey and the Variables 

The responses from the survey were analyzed 

based on the twenty wards. In all, the responses 

were grouped into three broad categories con-

taining separate variables. These include house-

hold and household head characteristics, residen-

tial quality and pollution related health prob-

lems. The variable under each of these groups 

are as listed and defined below. 

 



Households and Household Heads Character-

istics 
Gender of Household heads: The study was in-

terested only in the number of households 

headed by female. 

Education of Household head: Calculated as the 

number of household heads without basic quali-

fication for paid employment 

Average Household size per ward: This was 

calculated as the total number of members in all 

sampled households in each ward divided by the 

total sampled households (25) for the ward. 

Occupation of Household Heads:  Calculated as 

the proportion of household heads that were en-

gaged in informal occupation per ward. 
 

Residential Quality 

Number of households using unclean energy for 

domestic cooking: This is defined as the total 

number of households using biomass fuel for 

cooking domestic food. 

Number of houses without separate kitchen: 

Proportion of households without cooking places 

located within the house; or houses with one 

kitchen shared by several households. 

Number of households cooking indoor including 

total number of households cooking in their 

sleeping rooms or at a common passage in multi-

family houses. This is to determine the number 

of households whose cooking habit increases the 

tendency for indoor air pollution. 

Technology for cooking household food is taken 

here to include smoke generating instruments 

like kerosene stove, fireplace either mud or iron 

fabricated that accept firewood, saw dust, grass 

and animal dung for making fire and coal pot 

using charcoal. The basic feature of these instru-

ments is their incomplete combustion. 
 

Pollution Related Health Problems 
The study requested households to identify 

health characteristics of members that may be 

symptomatic of respiratory infections. Seven of 

such household health conditions were identi-

fied. These are the total number of household 

member per ward that 

 Cough first thing in the morning (CUFMOR) 

 Cough during the day or night (CUFEVEN) 

 Bring out spittle when coughing 

(SPITTLCUF) 

 Cough up to at least three months in one year 

(CUFTHREE) 

 Bring out blood tinted spittle (BLODSPIT) 

 Report chest illness in one year(CHESTILL) 

 Possessing watery or blood shot eyes.

(WATEREYE) 

Cough is generally recognized as suggestive of 

symptoms of upper respiratory tract infection.  

These symptoms may also lead to or be conse-

quence of nasal stuffiness and dripping, head 

congestion, sore throat or slight eye redness. The 

notations in parentheses are relevant to model 2 

below. The presence of these indicators in differ-

ent combinations is suggestive of the presence of 

respiratory tract infections when other factors act 

in coincidence to determine the magnitude and 

intensity. Multiple regression models were used 

to determine the relationship between household 

characteristics and the use of unclean energy and 

the consequences of this on the reported proxies 

of respiratory tract infections. 

 

The Models 
Model 1: The first model examines the corre-

lates of energy use among households in Ilorin 

metropolis using household characteristics. The 

model is expressed as 

EU = f(HHS)       (1) 

Where 

EU  = Energy Use 

HHS = Household  characteristics identified 

above 

Thus, 

HHS = f(OccHH, HHsize, EDHH, FHH)  (2) 

Substituting equation (2) into (1) 

EU = f(OccHH, HHsize, EDHH, FHH) (3) 

Where 

OccHH = occupation of Household Heads 

HHSize = Household Size 

EDHH = Level of Education of household Head 

FHH = Proportion of Households Headed by 



Female 

Based on Eq.3 above, a multiple linear relation-

ship was established in the form 

EU= b0+ b1OccHH + b2HHsize + b3EDHH + 

b4FHH +e        (4) 

Where 

b0 = the intercept 

b0- b4 = estimation parameters defined earlier 

e= Residual error term. 

Model 2: The second model examines the rela-

tionship between the use of unclean energy and 

the reported pollution related health problems. 

The model is of the form 

EU = f(RTI)      (5) 

Where 

RTI = Respiratory Tract Infections proxied by 

seven symptomatic variables as indicated above; 

with 

RTI = f(CUFMOR, CUFEVEN, SPITTLCUF, 

CUFTHREE, BLODSPIT, CHESTILL, WA-

TEREYE)       (6) 

Thus, 

f(CUFMOR, CUFEVEN, SPITTLCUF, CUF-

THREE, BLODSPIT, CHESTILL, WATER-

EYE).        (7) 

The regression equation 

α0 + α1 CUFMOR + α2 CUFEVEN + α3 

SPITTLCUF + α4 CUFTHREE + α5 BLODSPIT 

+ α6 CHESTILL + α7 WATEREYE +e (8) 

Where 

α1 = intercept 

α1 – α7 = estimation parameters 

e = residual error term 

 

In the estimation of the models above, two 

evaluation criteria were used. These include the 

setting of a-priori expectations for the behaviour 

of each variable within the context of the inde-

pendent variables. These expectations were 

based on the signs and magnitude of coefficients 

of the variables of interest. The second criterion 

is the use of statistical characteristics of the vari-

ables otherwise referred to as the first Order 

Least Square (OLS) test which consists of R2, F-

statistics and t-test. These parameters test the 

overall significance of the regression analysis 

and the significance of each independent vari-

able. Thus, in the two models, the behaviour of 

the independent variable is such that Bi-β4 >0 

and α1 – α7 > 0. In other words, we expect posi-

tive values for our estimation parameters in both 

models. 

 

RESULTS 

The results of the multiple regression analyses 

from the two models is as shown in Table 1. 

Models 
Explanatory Variables   

1 (t-values) 2( t-values) 

Intercept) 

OccHH 

HHsize EDHH 

FHH 

UFMOR 

CUFEVENSPITC 

UF 

CUFTHREE 

BLODSPT 

WATEREYE 

R2 

F 

No. of cases 

7.05 (1.45) 

0.52 (1.53) 

0.44 (0.88) 

0.31 (1.08) 

-0.61 (-1.90) 

  

  

  

  

  

0.48 

3.50 

500 

  

  

  

0.53 (0.89) 

0.34 (0.70) 

-0.80 (-0.8) 

1.45 (1.46) 

-0.11 (-0.12) 

0.51 (0.89) 

0.33 (1.12) 

0.45 

1.71 

500 

Table 1:  Multiple Regression Analysis of The Correlates and Health  

 Consequences of Urban Energy use in Ilorin, Nigeria. 



Correlates of Energy Use among Households 

in Ilorin  

As shown in Table 1, the model gives an R2 of 

48%, which indicates that 48% variation in the 

dependent variable (energy use) is explained by 

selected explanatory variables while the remain-

ing 52% may be explained by other variables not 

included in the model. At 5% level of signifi-

cant, the F-statistics shows that the model is use-

ful in the determining if any significant relation-

ship exists between use of energy and selected 

characteristics of heads of households; the Fcal 

(3.50) > Ftab (1.64). The coefficient and the asso-

ciated t-value (in parentheses) of the components 

of the household characteristics used in the 

analysis indicate that occupation of household 

heads, household size and education of house-

hold heads fulfilled the a-priori expectations 

whereas gender of household heads is shown to 

possess no positive relationship with the use of 

unclean energy. This is suggesting that the belief 

that households that are headed by females are 

likely to use more of unclean energy is set aside 

by the result of this analysis. This may be related 

to the fact that female-headed households are 

usually smaller than those headed by males. The 

energy demand for domestic use by female 

headed households is usually low and hence 

heads may be able to afford cleaner energy carri-

ers for cooking. This is corroborated by the find-

ing in this study that household size possesses 

positive relationship (44%) with the use of un-

clean energy. Household heads occupation is 

also related to the level of education of house-

hold heads. The two also possesses positive rela-

tionship with the use of unclean energy. In es-

sence, the tendency to engage in informal and 

non- urban occupation also means low income 

which precludes such households from purchas-

ing cleaner energy carriers. The source indicated 

by households in the survey also shows that 39% 

of households obtained their unclean energy 

types from farms. 

 

Health Consequences of Indoor Air Pollution  

Model 2 shows that 45% of the prevalence of the 

selected proxies of respiratory tract infections 

were explained by the use of unclean energy.  

The F-statistics also shows that our model is 

useful in determining the relative contribution of 

energy use to the prevalence respiratory tract 

infection (Fcal.1.89>Ftab.1.64 at 5%). Among the 

seven proxies of respiratory tract infections, two 

were shown to possess no positive relationship 

with unclean energy use. These are ‘bringing out 

of spittle’ when respondents cough otherwise 

known as productive cough; and respondents 

noticing bloodstains in their spittle. These two 

variables are both related to having productive 

cough that leads to spittle containing bloodstain. 

The remaining five variables also fulfilled our 

expected behaviour as they were shown to be 

related to use of unclean energy at varying mag-

nitudes. It is important to note that the incidence 

of cough either in the morning or evening is re-

lated directly to use of unclean energy; impor-

tantly the findings include the fact that such 

cough is persistent and may last for up to three 

months or more. The results include chest illness 

and watery or blood shot eyes due to the com-

bined effects of smoke inhaled and persistent 

cough. The implications of these findings are 

discussed in the next section of this paper. 

 

DISCUSSION   

This study examines the extent to which the type 

of energy used by households could be attributed 

to the socio-economic characteristics of the 

household heads. The study also examined the 

implications of this for household heads in 

Ilorin, Nigeria. The study implies that the house-

hold scale is important in the prevalence of res-

piratory tract infections in developing countries 

where biomass fuel is still the most dominant 

energy carrier.  Research attention should there-

fore be focused on the exploration of the links 

between and among poverty, household charac-

teristics, biomass fuel and environmental health 

risks. Aside this, we must also understand the 

socio-economic factors that drives behavioral 

change particularly among the poor and conser-

vative urban dwellers. This change is determined 

in part by the knowledge of risk available to 

households about energy use and respiratory 



tract infections. Currently, studies are scanty that 

explore the promotion of behavioral changes. To 

reverse this trend, there must be a shift in the on-

going policy and research paradigms in the third 

world. A policy change is required in the area of 

energy and IAP particularly in urban centres of 

Africa where population density and poverty are 

high and increasing. Thus, a great number of 

people are exposed simultaneously to the effects 

of unclean energy.  There must be appropriate 

risk communication particularly to women and 

advice on how to protect their children from 

pollution generated by the activities of their own 

cooking. When people are aware of the risks 

involved in their activity, they are likely to make 

informed decisions and choices. The current 

state of such awareness is quite low in develop-

ing countries. In separate surveys, Parikh and 

Laxim (2000) in India; and Benneh et al. (1993) 

in Ghana reported that households ranked pollu-

tion from smoke in kitchens as fourth environ-

mental concern, which goes to corroborate the 

current state of carefree on the part of the prime 

victims-women 

 

CONCLUSION 

It has been shown that structural characteristic of 

households are important determinants of un-

clean energy use. This energy carrier possesses 

far reaching implications for Indoor Air Pollu-

tion and human health in African cities. Public 

health would therefore benefit immensely from 

an adequate knowledge of the social and spatial 

characteristics of households since it is the micro

-level energy use that is more important in in-

door air pollution. Effort is therefore required in 

clearly obtaining an inventory of household 

cooking habits, the factors that determine these 

and their spatial variation within cities. This is 

with a view to targeting households as focal 

point for intervention programmes for clean en-

ergy. In this respect, an important factor is the 

prices and availability of other energy carriers. 

The prices of gas and kerosene have increased 

more than ten folds since 1999 in Nigeria with a 

corresponding increase in levels of poverty 

among people. These taken together, households 

are forced to adopt the unclean carriers of energy 

for cooking. 

    

ACKNOWLEDGEMENTS 

The Authors acknowledge the support received 

from the forum of Magajis and Alanguas in 

Ilorin Emirate, during the course of this study. 

Their support made it easy to get to the house-

hold heads in the city fully participated in this 

study. We also appreciate the warmth reception 

and fatherly support from the Emir of Ilorin, 

Alhaji (Dr) Ibrahim Zulu Gambari. His interven-

tion made it possible to have easy access to the 

respondents. 

We thank the authority of the University of 

Ilorin, Ilorin, Nigeria for the approval given in 

utilizing parts of the Senate Research Grants for 

this study. We thank you all. 

 

REFERENCES 

Barnes, D. K. A., Galgani, F., Thompson, R. C. 

and Barlaz, M. (2009). Accumulation and 

fragmentation of plastic debris in global 

environments. Philosophical Transactions 

of The Royal Society. Biological Sciences 

364: 1985–1998. 

Benneh, G., J. Songsore, J. and Nabila, E. A. 

(1993). Environmental Problems and the 

Urban Households in the Greater Accra 

Area, Ghana. Stockholm; Stockholm Envi-

ronment Institute. p126. 

Bradley, D.J. (1992). A Review of Environ-

mental Impact in Developing Country cities.  

London School of Hygiene and Tropical 

Medicine. Urban Management Programme 

Series (7). 

Bruce, N., Perez-Padilla, R. and Albalak, R. 

(2000). “Indoor Air Pollution in Developing 

Countries: A Major Environmental and Pub-

lic Health Challenge,” Bulletin of the World 

Health Organization 78(9): 1078-92. 

Committee on Environmental Health (1999). 

Handbook of Pediatric Environmental 

Health. Elk Grove, Village III. American 

Academy of Pediatrics. 



Global Forum for Health Research, (1999). The 

10/90. Report on Health Research, Geneva. 

Hosier, R.H. and Kipondya, W. (1993). Urban 

Household Energy Use in Tanzania. Energy 

Policy, 21(5): 454-473. 

Listordi, J.A. and Doumani, F.M. (2004). En-

ergy and Environmental Health. A literature 

Review and Recommendations. Technical 

paper No.50,ESMAP,UNDP/World Bank, 

March. 

National Population Commission (2010). Fed-

eral Republic of Nigeria 2006 population     

and Housing Census Priority table Volume 

iv:  Population Distribution by Age & Sex 

(state & local government area) table ds5. 

Olorunfemi, J.F (1981). The Crowding Index, 

An Alternative to Census in Nigeria. AREA 

13 (1) 51-54 

Parikh, J. and Laxim, V. (2000). Biofuels. Pollu-

tion and Health Linkages: A Survey of Ru-

ral Tamil Nadu. Economic and Political 

Weekly, Nov. 18 pp 4135-36. 

Rosenzweig, M. and Foster, A. (2003). Eco-

nomic Growth and the Rise of Forests. 

Quarterly Journal of Economics. UNAIDS, 

3rd Quarter, pp16-18 

Sarangapani, R., and Wexler, A. S. (1999). Mod-

eling aerosol bolus dispersion in human 

airways. Journal of Aerosol Science, 30: 

1345–1362. 

Smith, K.R. (2000). “National Burden of Dis-

ease in India from Indoor Air Pollution,” 

Proceedings of the National Academy of 

Sciences of the United States of America. 97

(24): 13286-13293. 

Smith, K.R. and Liu, Y. (1994). Indoor Air Pol-

lution in Developing Countries East – West 

center reprints Environmental series No. 18 

Honolulu, Hawaii, East – West Center 

Smith, K.R. and Mehtra, S. (2000). The Burden 

of Diseases from Indoor Air Pollution in 

Developing countries. Comparison Esti-

mates Paper Prepared for USAID/WHO, 

Global Technical Consultation on the 

Health Impact of Indoor Air Pollution and 

Household Energy in Developing Countries. 

May, 3 – 4, U.S. Agency for international 

Development, Washington, D.C. 

Schirnding, Y. V. N., Bruce, K., Smith, G., Bal-

lard-Tremeer, M. E., and  Lvovsky, K. 

(2002). Addressing the Impact of House-

hold Energy and Indoor Air Pollution on the 

Health of the Poor: Implications for  Policy 

Action and Intervention Measures. Paper 

Prepared for the Commission on Macroeco-

nomics and Health. Toronto,USA, 2nd June, 

pp5-8. 


