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Abstract

This paper analyses effects of biomass energyarssobking in developing countries. The biomassisse
harvested unsustainably and energy conversion témtiies are inefficient. Unavailability and highiqas

of modern energy services has encouraged the aspraference for biomass as a major source offtuel
domestic activities. The use of biomass fuels twking has serious adverse consequences on tha béal
household members and on the environment. Womerlaltten are traditionally responsible for cooking
and other household chores, therefore, they saiffest from indoor air-pollution. Various measuresl an
strategies for reducing the effects of unsustamalsle of biomass for cooking are discussed. Proqisi
approaches include the use of appropriate techisdpgnodern cooking fuel, modernized biomass and
improved cook-stove designs for higher efficienog good ventilation.

Keywords: Biomass, Cooking, Unsustainable, Energy, HealtlvjlBnment.

1. Introduction

One third of the world’s population of six billidives in developing countries. Many of these pedatk
access to modern energy services for economic acidl slevelopment and some of their present energy
systems are unsustainable (Brien et al., 2007)oriicg to the WHO, energy-poverty, marked by latk o
sustainable energy and access to modern cookirlg, fueates obstacles to achieving the Millennium
Development Goals (MDGs), the global targets fatumng extreme poverty and improving health and
welfare (WHO, 2007). The supply of affordable apliable energy is essential for economic develogmen
and is a significant contributor to the alleviatiof poverty, improved health, and better qualitylite
(Akinola and Bolaji, 2006).

According to Adeokun et al. (2003), energy consuomppattern and level in Nigeria have produced a
serious exploitative and disruptive environmentatss. The exploitative stress is most obvioushi t
amount of fuel-wood harvested daily to supportehergy needs. The rate at which the natural veégetat
has been exploited to meet the exponential humearade for energy has become highly disruptive of the
ecological system. Jande (2005) reports that whitergy is at the heart of economic and social
development, its productions, transportation arelagise a wide range of major environmental prablem
at the local, national and global levels. Besidesth short comings, modern energy is usually very
expensive and beyond the reach of most rural abdnumhabitants. This has encouraged the use and
preference for fuel-wood as a major source of faoetlomestic activities (Adedire, 2002).

Wood has for long served as one of the energy sstknown and used by mankind, for cooking in both
urban and rural areas of developing countries. igefk, fuel-wood is still the most utilized enerfpr
cooking (Danshehu et al., 1992; Bolaji, 2005). T¢ioduel-wood is a renewable source of energy, stver
decades of fuel-wood exploitation over naturalsaikEregeneration has made fuel-wood availabilitren
difficult. Several studies have established thd fhat fuel-wood constitutes the bulk of energydiby
rural households in Nigeria. Momoh and Soaga [198pbrted the work of Ogbona, who estimated that
fuel-wood provided 60% and 92.3% of energy for éngkin urban and rural households respectively, in
the Savannah areas of Nigeria. Akinbami et al. 20@veal in their study that fuel-wood use in &lig as

of 1999 accounted for 65.9% of the overall energgduin the country. Ladipo et al. (2002) noted that
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scarcity and exhaustion of fuel-wood supply in Nigg@resents energy crisis, which threatens existerf
most rural communities. With increasing populatenmd urbanization, fuel-wood gathering has become
very tedious, as longer distances have to be &dvatfore collection. The result is an ever-indreaprice
trend of fuel-wood which now constitutes a majaidron family incomes.

Use of biomass is not in itself a cause for concklmwever, when resources are harvested unsushainab
and energy conversion technologies are inefficidrdre are serious adverse consequences for htwadth,
environment and economic development. According\idO (2006), about 1.5 million people (mostly
women and children) die prematurely every year beeaf exposure to indoor air pollution from biosas
Therefore, this paper analyses the effects of dasw#ble use of biomass energy for cooking in depieg
countries. Various policies and measures that pgrdve the level of household energy and reduce the
effects of unsustainable use of biomass were asussed.

2. Sources of household energy in developing countries

The main use of energy in households in developmgntries is for cooking, followed by heating and
lighting. Households generally use a combinatioerdrgy sources for cooking that can be categordzed
traditional (such as dung, agricultural residues frl-wood), intermediate (such as charcoal amddene)
or modern (such as LPG, biogas, ethanol gel, gidgsitdimethyl ether and electricity). Electricis/mainly
used for lighting and small appliances, rather tbaoking, and represents a small share of totasdiuald
consumption in energy terms.

In sub-Saharan Africa larger proportion of the dafian relied on biomass as the major source df the
household energy (Table 1). In many parts of tagian, more than 90% of the rural population retias
fuel-wood and charcoal (World Bank, 2006). Many eause three-stone fires cook without ventilation
and fuel-wood used is harvested at an unsustaimatdgUNDP, 2002). Heavy dependence on biomass is
concentrated in, but not confined to, rural ar@dmost half a billion people in urban areas alsly @n
these resources. Although urbanisation is assakciaith lower dependence, the use of fuels such as
liquefied petroleum gas (LPG) in towns and citiesiot always widespread. In sub-Saharan Africal wel
over half of all urban households rely on fuel-wpolarcoal or wood waste to meet their cooking seed
Over a third of urban households in some Asian trsalso rely on these fuels. The share of bienias
household energy demand varies widely across desrdind regions, primarily reflecting their resaurc
endowments but also their levels of economic dgarakent and urbanization.

3. Effects of biomass energy use for cooking in developing countries
3.1 Health Effects of the Use of Biomass as Cooking Fuels

Solid fuels such as biomass are quite difficultbiorn completely in simple household-sized stoves.
Therefore, although biomass does not contain mamycombustible contaminants, but the emissions of
pollutants in the form of incomplete combustion quots are quite high per unit of energy. Incomplete
combustion of solid fuels and poor ventilation tesm high indoor concentrations of health-damaging
pollutants including particulate matter and carlmoonoxide (Jetter and Kariher, 2009; MacCarty et al.
2010). Households that use coal and biomass généte poor ventilation and because occupants are
usually indoors when they use these fuels, they tenbe exposed to significant amounts of partieula
pollution, as indicated in Figure 1. In additiondirect health impacts such as malnutrition, diearland
parasites may be significant due to lack of fueldimper cooking (Smith, 2007).

The World Health Organization (WHO) estimates th& million premature deaths per year are directly
attributable to indoor air pollution from the udesolid fuels. That is more than 4 000 deaths st thore
than half of them are children under five yearagé. More than 85% of these deaths are due to bBbbma
use, the rest due to coal. This means that indoopalution associated with biomass use is disectl
responsible for more deaths than malaria, almosthasy as tuberculosis and almost half as many as
HIV/AIDS (Figure 2) (WHO, 2006). Just as the extefitdependence on polluting fuels and inefficient
stoves varies widely around the world, so doesdéeth toll due to indoor smoke. Women and children

20



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) ey
Vol 2, No.3, 2012 IS’

suffer most from indoor air pollution because thag traditionally responsible for cooking and other
household chores, which involve spending hourshkycboking fire exposed to smoke. Young children ar
particularly susceptible to disease, which accodmtsheir predominance in the statistics for prama
deaths due to the use of biomass for cooking.

Traditional cook-stoves cause indoor concentratioinsnportant pollutants, such as small particless|
than 10 microns in diameter, known as PM10, canpamoxide, benzene and formaldehyde, which are
excessive compared to health-based standards or tevether common thermal applications. Such
exposures are linked to acute respiratory infestiahronic obstructive lung diseases, low birthglues,
lung cancer and eye problems, primarily, among woarel children (WHO, 2007).

3.2 Environmental effects of the use of biomass

The increased dependence on the use of wood, esigues and untreated coal for cooking in devetppin
countries has a lot of negative implications orhbmtople and environment. Fuel-wood, roots, adricall
residues and animal dung all produce high emissidrsarbon monoxide, hydrocarbons and particulate
matter. Hydrocarbon emissions are highest frombtimaing of dung for fuel, while particulate emigsio
are highest from agricultural residues (WHO, 2007).

In most developing countries, the household seistdhe largest single energy consumer and cooking
constitutes the dominant energy need. In the uddeeloping countries, the household sector accdants
more than 90% of total energy consumption. Theinele on biomass fuels results in reduced agri@iltur
productivity by depriving the soil of recycled nietits that would have been available from treep enod
animal residues and could be a cause of deforestatid desertification in some areas (Akinola anthiB
2006).

3.3 The burden of biomass collection

In developing regions, women and children are nasipte for fuel collection, a time-consuming and
exhausting task. The average fuel-wood load in Salbaran Africa is around 38 kg loads. Women can
suffer serious long term physical damage from sives work without sufficient recuperation. Collecti
time has a significant opportunity cost, limitingetopportunity for women and children to improveith
education and engage in income-generating acgvileany children, especially girls, are withdrawanf
school to attend to domestic chores related to agsmuse, reducing their literacy and restrictingjrth
economic development by enhancing the productdfitiabour and capital.

4, Srategiesfor reducing the effects of unsustainable use of biomass
4.1 Conversion of biomass to less polluting fuel

For many households, switching away from traditidnamass is not feasible in the short term. Imjpugv
the way biomass is supplied and used for cookintherefore, an important way of reducing its haimf
effects. This can be achieved either through t@ansition of biomass into less polluting forms. Glueal
and agricultural residue briquettes which have éigbnergy content and less polluting can be used fo
cooking.

4.2 Uses of modern cooking fuels

In the long run, and even today in areas whereaBugile biomass use is not possible, a modern rgoki
fuel solution is the most appropriate way to redthe health risks and time-loss suffered by wommah a
children. There are a range of fuels that can gubsstor, or supplement the use of, biomass fardetold
energy in developing countries. Liquefied petrolegas (LPG) is already quite well established in som
countries. Ethanol gel is also potentially very ortpnt, particularly in sugar-producing countrieecause
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of its low cost. Biogas has considerable potemtiahany rural communities, though the capital c@sts
not directly comparable to those of liquid fuels.

4.3 Improving the cook-stoves

Since cooking using traditional biomass fuels ithitbe dominant energy activity in developing coigst
and is the source of undue hardship to people,dikgemination of more efficient cook-stoves using
traditional or modern fuels is an essential sustalm energy intervention (Adkins et al., 2010). Gstove
design can be improved to maximize combustion eff fmaximize radiative heat transfer from the fo¢he
pot, maximize convection from the fire to the @otd maximize conduction to the pot.

This improved design will maximize users’ satisfactby making the stoves convenient to use (wittalo
fuels, cooking pots and utensils) and able to pagsiepare local dishes well primarily, the end-aser
(mainly women) will find the improved stoves easyuse and fuel efficient under a variety of corudlif,
example of such improved stoves is the sawdustietig cooking stove (Bolaji, 2005). Another apptoac
is to improve the efficiency of biomass use by addéhimneys to stoves, example is the improved coal
stove (Bolaji and Olalusi, 2009). The improved s®will also perform robustly in the environmerdaabd
practical constraints of indoor or outdoor kitchefsese technologies are preferred for their corvee,
comfort, cleanliness, ease of operation, speettiafty, and other attributes. Depending on retafivel

and stove prices, substantial reductions in botératjng costs and energy use can be obtained from
switching from traditional stoves using commergigdlrchased fuel-wood to improved biomass.

4.4 Deve oping indigenous capacity in the area of sustainable energy

This could include training and education to crelatal manufacturing capabilities, sales, and servi
industries related to sustainable energy, thugiogeaew jobs and economic activity. It will be esal to
consider both value-added activities directly madato the delivery of energy services (e.g., bgtter
charging stations, bottled gas distribution) andsththat are indirectly related (e.g., food proogss
industry, trade and small scale manufacturing)infmg will help build awareness of sustainable gger
opportunities, widen skill levels and create a meanufacturing class that could eventually form new
lobbies for sustainable energy.

4.5 Expanding the use of modern fuel's through the help of microfinance institutions

One of the principal barriers to the penetrationmadern cooking fuels is the high initial cost bkt
cylinder purchase (in the case of LPG) and theestéw option to overcome up-front costs is for albar
financial institution to offer financing for the oking stove, cylinder and appliance over a yeamore.
There are strong arguments for using the commuasitg vehicle for this financing and making it joint
and individually responsible for repayment. Enesgyvice companies can assist with cost barriers by
providing energy to customers on a fee-for-sertiiasis, retaining ownership of some or all of thergp
equipment, pooling subsidies and investment ingeatand amortizing over time the balance of equigme
costs in the fees charged to customers.

5. Conclusion

Biomass has for long served as one of the enengiess known and used by mankind, for cooking ifmbot
urban and rural areas of developing countries. iagority of people in these countries lack access t
modern energy services for economic and socialldpreent and some of their present energy system is
unsustainable. Where modern energy is availablesuslly very expensive and beyond the reach ot mos
people. This has encouraged the use and prefefendgomass as a major source of fuel for domestic
activities. The increased dependence on biomass Hat of negative implications on both people and
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environment. Heavy dependence on biomass is caatedtin, but not confined to, rural areas. Sultgthn
number of people in urban areas also relies orethesources. Although urbanization is associated wi
lower dependence, the use of fuels such as liqigitroleum gas (LPG) in towns and cities is notagb
widespread.

Analyzed in this paper, are various effects of l@smenergy use for cooking in developing countries.
Indoor air pollution associated with biomass usdiisctly responsible for deaths than malaria, aithas
many as tuberculosis and almost half as many asAlDS. Women and children are traditionally
responsible for cooking and other household chdhesefore, they suffer most from indoor air pabtat
Various measures and strategies for reducing tfextefof unsustainable use of biomass in developing
countries are discussed. Current approaches tgyaee not sustainable and will, in fact, make gnex
barrier to socio-economic development, especialtypeople in rural areas of developing countriebatv

is needed now is a major reorientation toward fustde energy technologies. Promising approaches
include the use of appropriate technologies, moaewking fuels, modernized biomass and improved
cook-stove designs for higher efficiency and goedtiation.

References

Adedire, M.O. (2002). Environment implications obpical deforestationThe International Journal of
Sustainable Development and World Ecology, Vol. 9, pp. 33-40.

Adeokun, O. A., Adekoya, A. E. & Oloruntoba, A. (). Energy generation from livestock manure as a
means of reducing Environmental pollutidProceedings of 11" Annual Conference of Environment and
Behaviour Association of Nigeria (EBAN), pp. 274-278.

Adkins, E., Tyler, E., Wang, J., Siriri, D. & ModV. (2010). Field testing and survey evaluation of
household biomass cookstoves in rural sub-SahafiacaAEnergy for Sustainable Development, Vol. 14,
No. 2, pp. 172-185.

Akinbami, J.F.K., llori, M.O. Oyebisi, T.O., Akinwmni, 1.0. & Adeoti, O. (2001). Biogas energy use in
Nigeria — Current Status, Future Prospects andcydtnplications.Renewable and Sustainable Energy
Reviews, Vol. 5, pp. 97-112.

Akinola, O.A. & Bolaji, B.O. (2006). Sustainable &gy Technologies for Poverty Alleviation and
Environmental Protectiori® National Conference of Faculty of Science, University of Abuja, Nigeria, 18
— 20" July, pp. 53-63.

Bolaji, B.O. (2005). The use of sawdust as an @édtive source of energy for domestic cooking and as
means of reducing deforestati@iobal Journal of Environmental Sciences, Vol. 4, No. 1, pp. 73-76.

Bolaji, B.O. & Olalusi, A.P. (2009). Development afi Improved Coal Stove for Cooking in Developing
Countries AU Journal of Technology, Vol. 12, No. 3, pp. 182-187.

Brien, G. O. Keefe, P. O. & Rose, J. (2007). Enemwverty and governancénternational Journal of
Environmental Studies, 64, 605-616.

Danshehu, B. G., Sambo, A. S. & Musa, M. (1992)m@arative performance of sawdust and wood
burning stoveNigerian Journal of Renewable Energy, Vol. 3, No. 1, 50-55.

Jande, J. A. (2005). Analysis of fuel wood consuampamong the residents of Makurdi suburbs, Nigénia
Environmental Sustainability and Conservationin Nigeria, Okoko, E., Adekunle, V. J. A. and Adeduntan, S.
A. (Eds); Environmental Conservation and ReseaedmT (ECRT), pp. 43-47.

Jetter, J. & Kariher, P. (2009). Solid-fuel houddhoook stoves: characterization of performance and
emissionsBiomass Bioenergy, Vol. 33, No. 2, pp. 294-305.

Ladipo, D. O. Adebisi, A. A. & Adewusi, A. G. (20p2Domestic energy and conservation needs for
indigenous forest species in NigerRroceedings of the 28" annual conferences at forestry association of
Nigeria, pp. 240-251.

23



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) ey
Vol 2, No.3, 2012 IS’

MacCarty, N., Still, D. & Ogle, D. (2010). fuel used emissions performance of fifty cooking stowes
the laboratory and related benchmarks of performamergy for Sustainable Development, Vol. 14, No.
1, pp. 161-71.

Momoh, S. & Soaga, J. (1999). Biomass energy coptiomin Nigeria: Integrating demand and supply.
Nigerian Journal of Renewable Energy, Vol. 7, No. 1, pp. 78-82.

Smith, K., Dutta, K., Chengappa, C., Gusain, P,AV&sera, O. & Berrueta, V. (2007). Monitoring and
evaluation of improved biomass cookstove programnsnidoor air quality and stove performanEeergy
for Sustainable Development, Vol. 12, No. 2, pp. 5-18.

UNDP, (2002). Energy for sustainable development. Onlihe] Available:
http://www.undp.org/seed/eap/activities/wdane 14, 2006).

WHO, (2006). Satistical information system. World Health Organization. [Online] Available:
http://www.who.int/whosis(August 9, 2007).

WHO. (2007).Indoor air pollution: national burden of disease estimates. World Health Organization
Geneva, Switzerland: WHO Press; 2007.

World Bank, (2006)Rural energy and development: Improving energy supplies for two billion people.
Washington, DC.

Table 1. People relying on biomass resources as their primary fuel for cooking

Developing Population People relying on biomass
regions Rural Urban Total Rural Urban Total
(Million)  (Million) (Million) (Million) (%) (Million) (%) (Million) (%)
Sub-Saharan 444.0 280.0 724.0 4130 93 162.0 58 575.0 79

Africa

North Africa  67.0 100.0 167.0 4.0 6 0.2 0.2 4.2 3
India 762.0 308.0 1070.0 663.0 87 77.0 25 740.0 69
China 780.0 520.0 1300.0 428.0 55 52.0 10 480.0 37

Indonesia 116.0 102.0 218.0 110.0 95 46.0 45  157.02
Rest of Asia 489.0 263.0 752.0 455.0 93 92.0 35 5470 73

Brazil 30.0 160.0 190.0 15.0 50 8.0 5 23.0 12
Rest of 95.0 278.0 373.0 59.0 62 25.0 9 84.0 23
Latin

America

Total 2783.0 2011.0 4794.0 21470 77 462.2 23 260954

(Source: World Bank, 2006)
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Figure 1. Approximate distribution of human expe@sto particulate pollution (Source: WHO, 2007)
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