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ABSTRACT / Based on government and other relevant docu-
mertation, this papsr sxplorea the conceptual linkags be-
theen population, developmant, and wasts managemsant in
Batswana and tha implcations of this relatiorehip for dobsl
climata changs. Population is incrassing, albsit at a decreas-
ing rate. Spatially, e popuation is becoming mors and mors

corcantratad as the ratse and level of urbanizstion inceass.
Bcoromic growth hias remaired coreistantly high. Tha com-
bired affect of population dyramica and economic devalop-
ment are havirg & noticeabls imprint on te smdronment in the
farmn of increased wasta genermtion. Poor wasta mansgement
posas a rmal thrast to ervironmantal 2ustainablity in gersmsl
and climate charge in parizular becauss of inadaquats tech-
nology, weak ingtitutional mechaniams to enforcs regulationa,
and low lavels of sansitization among the public to daal with
the problem . Mitigation measures am suggestad to minimize
the negstive sffects of wasta management on dimate charge.

The linkages benveen populaton, development and
environment have been arviculawed through the Ehr-
hch and Holdren model {1971,

I = PAT (1)

From a natonal perspectve, this would imphy thar the
human environmental impact (I), in this case waste
generation, depends on subnational populaton (F), in
terms of s size, growth, and concentraton; s afflu-
ence (A); and the methods (T it emplovs o obrain is
livelihood and dispose of its consumed products,

The pracocal implicanon would be that grearer
environmental impact would accompany a large, rap-
idly growing. and relatvely highly concentrated pop-
ulanon. In this contexe, Ajaeghu (1985) has re-
marked as follows with regard o sub-5ahara Africa:
“...a8 human population concentrations increase,
the effects of the imbalance in the population—envi-
ronment interrelationships become more notceable
and worrying.” One of the most worrying symproms
of such a negaove populanon—environment linkage
I5 POOT WASLE MANAZEE e,

Affluent communities tend o consume more re-
sources and dispose of more waste, According o Egathi
and Bolaane, the World Bank (19990 report suggesis
that there is a positive relatonship beoween rising in-
comes and generation of mumcipal solid waste {Egathi
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and Bolaane 2001). The role of the echnology factor
tenids o be less clear. Marginalized communities tend
o overexploit their environments, using premodern
techniques, just o survive. Turmner and others have
suggested that the intensiy of environmental change is
more srongly related wo poverey, rather than affluence,
partcularky i developing countries (Turner and och-
ers 1953, The same observation has been alluded o by
Leonard and others (198%),

Commoner has argued, however, thatin the Ehrlich
and Holdren model. the needs of populaton are met
by economic development, which in tirn causes envi-
ronmental degradation, thus:

Population — Economic development

— Environmental degradanon

If this relarionship holds, environmental qualicy can be
sustained only by regulaing either economic develop-
ment or population dynamics—or hoth, The weakness
in this approach is thar it omis the basic human action
that is the necessary precursor w economic develop-
ment: the creation of the means of producing the
gonds that generae wealth. It is this intermediary func-
tion—the echnology of production—that leads, in par-
allel, to both economic development and environmen-

al degradanon. Thar is,
Population =
Production — Economic development

Technology — Environmental degradarion



Of the three hypothencal determinants of environ-
mental degradaton. Raskin (1995) and Commoner
(1991} have argued that the wechnological factor is the
most significant. To llustrate thar point. Commoner
refers to what happened in the United States beoveen
1970 and 1980, The populaton (F) increased by 19%
and the number of automobile miles driven per person
(A} increased by 45%: yer carbon dicadde emission
dechined by 42%. From that perspectve, he maimitained
that the Ehrlich model should take the form of a mach-

ematical identiry:
Pollution = Population * good,/population
# pollution/good  (2)

In this case affluence is smeed as the per capita con-
sumption (or producton) of a particular good. and the
effect of the technology factor is expressed as the
amount of polluton imposed, upon the environment,
per unit of production of thar good.

Argumenis have been made about the appropriate-
ness of the identry in it state form. Therefore in order
to accommodate change, over nme & the above equa-
tion has been expressed as follows:

I+ Apol =1 + Apop ¥ (1 + Agood)/
(1 + Apopl * (1 + Apell /(1 + Agood)
(3)

where Apop 15 change in populaton size. Agood is
change i the amount of a given good produced or
consumed. and Apol is change in the amount of pollu-
tion generated when the good =5 produced or con-
sumed.

The overall implicanon, therefore, 15 that for the
developing counries, where technology is sill relatively
crude, the environmental impact of waste and polhation
will be difficult 1o deal with in the face of increasing
populaton and affluence. Available evidence suggesis
that developed countries have been able o reduced the
amount of waste produced per unit output (Pearce and
Wadord 1994), The fact that developed countries re-
main responsible for the bulk of global pollution there-
fore reflects the failure of their policy instruments
rather than lack of the requisite technology.

Whereas human settlements in developed couniries
appear o have the necessary technological abilioy to
manage their waste, this is not the case for the devel-
oping nations where municipal anthorities lack suffi-
cient financial, technical, technological, and human
capaciry and expertise w deal effectively and in a dmely
way with the solid and liquid waste generared (Gwebu
1997, Hagos 1997, Mekonnen 1997, Songsore 19970,

Such a siation poses a serious threat o the environ-
meTnt.

Apart from the technological, affluence, and popu-
lation size/distribution variables, a more complete ex-
planaton of environmental impact factors should n-
corporate  cognitve, perceprual.  regulatory, and
economic facwors in underdeveloped counries. There
are several reasons for this. The level of awareness by
the general public of the significance and implications
of unsustainable waste management is relagvely low.
The urban environment is regarded as an open access
domain over whose aesthetics nobody is accounmble,
except urban management. Enforcement of sanies
governing sustainable waswe management is difficule
due o lack of cooperation from both the formal and
nformal secrors and the lack of capaciey 1w enforce
such legislation. The general populace has come to live
by a dependency-culmire syndrome of free handours
from central government including provision of ser-
vices for waste management. Reducton of subsidies
and provision of services at economic rates could pro-
voke polidcally unpalatable reactions. There also ap-
pears o be litle corporate responsibiliy towards the
promotion of environmental sustainabilicy.

Population Sge, Distrioution, Affluence, and
Waste Occurrence Pattermns in Botswana

Fopulation Sze and Distribution

The latest census results show a decline in the pop-
ulation groweh rate at 2.4% during the 1991-2001 pe-
rod, compared with 55% berween 1981 and 1991
(C50 20017, This reflecs the combined effects of fam-
ity planning and the impact of the AIDS pandemic.
Even under the worst scenario, the population is none-
theless projected to increase at abour 1.2%yr for the
next two to three decades. This rate is soll relaovely
high when compared with societies thar have reached
either their replacement levels (zero or negative pop-
ulation growth).

Currently, the population is about 1.7 million, which
gives a crude densivy of abour 3.2 /sq km. This, however,
15 misleading becauss the populaton is unevenly dis-
ributed. Currendy, the concentraton rano is 42%
which implies thar 42% of the natdonal populaton
would have e be redisributed in order o arain an
even diswributon. The highest densites tend o ocour
in the urban centers, with Gaborone, Franciswown, and
Selebi Phikwe having populations in excess of 1000/
km®,

Evidence from national migration surveys and na-
tional census dam supporis the view that Botswana 1s



Table 1.  Utbanization in Botswana 197 1-2000
Year 1971 1981 1991 1947 2000
% Urban a0 17.7 457 48.7 51.6

Sourcer CSO (1994).

going through what Zelinsky characierized as the early
ransitional phase. in his foursmge mobiliey ransidonal
model (Zelinsky 1971). There 5 massive migration
from the counuryside w the wwns, especially the largese
ones,

Although Botswana is likely o experience relatvely
Il natonal populadon growth in the next few de-
cades. urbanizrion will continue, with approximately
G0% of the population expecred o be urban by 2021
(Sandemson and others 2001}, Even though the 2001
census shows a relatvely lower urbanization rate for
modern towns and cites during the 1991-2001 inter-
censal period, their saellie /dormitory urban villages
recorded phenomenal growth (C50 2001 ),

Before independence, in 1966, less than 5% of the
national populaton was classified as urban. Thar urban-
ization pattern has been increasing very rapidly since
the mid-1970s, as can be seen from Table 1.

These wends show a rapid rise in urbanizaton and
are mostly atributable o rapid rural o urban migra-
tion and an increase in the number of places classi-
fied as urban. It is noted in Nadonal Development
Plan 8 that with the rapid expansion of economic
activities in the mid-1970s and the 19305, the patern
of setlement has changed rapidl,. A growing con-
centration of the population around five major re-
gions in the country has been observed. The concen-
ration clusters include setdements in the Gaborone,
Serowe,/Palapye, Franciswwn. Selebi-Phikwe and
Maun catchment areas. Population growth and con-
centration have been associated with an increase in
waste. Table 2 shows the rend for Gaborone, the
country's largest urban center.

Geographical Distribution of Affluence

Sandeson and others have noted that in spite of the
HIV/AIDS scourge, Botswana has been experiencing
exceptional economic growth, Owver the last decade
economic growth (adjusted for inflaton) has averaged
5A% A7 and there i3 no indicaton of a near-term
economic collapse (Sanderson and others 2001 ). This
rapid economic growth has been accompanied by an
excessive generation of waste, Emissions of GHGs from
waste are therefore expected w increase correspond-
ingty for the foreseeable fumre. This s becanse, apare
from us disdncive groweh e, the couniry enjoys the

highest disposable income in sub-5ahara Africa. with a
GNP per capita of LIS$2200.

The 1998,/%4 Household Income and Expendinire
Survey (HIES) resulis, however, show thar Bowswana's
income 15 highly skewed. Poverty is higher and more
severe in rural areas. The distribunon of poverty by
geographical area indicates that the incidence and se-
verity of poverty is highest in the sparsely populated
western and more remote parts of the country, A recent
study on poverty alleviation showed thar 55% of the
rural populaton was living in income povercy, com-
pared with 28% in urban areas. The uneven spanal
disiribunon of wealth has direct implications for the
geographical occurrence of waste.

Spatial Pattems of Waste Occurrance

The MNadonal Conservatdon Strategy  document
(1988} notes that pollubdon is increasing in the couniry,
especially around the large setlements. It identifies a
variery of sources of pollution pardcularly licering,
dumping, and unsightly stock piling, and thar pollubon
manifess both a lack of civic awareness and the absence
of effective incentives and conerols which could prevent
pollution.

Available statistics from the 1998 editon of Boswa-
na’s Srrategy for Waste Management illastrate the dif-
ferences In mean per capita waste generation beoween
urban and rural areas {Table 21, The figures seem w
suggest that the urban areas, because of their higher
and more concentrated population and greater con-
sumption patterns, tend 0 generate more waste per
capita than the rural areas.

Types and CGuantities of Waste Products

Informanon on quantties of waste generated in Bo-
mwana has been very limited in the past. Only recently
have environmental stanstics been compiled (CS0
H00 (Table 4). Solid urban induserial waste is made
up of 38.5% wearing apparel remnans, 28.7% building
material refuse, and 15.9% grain milling. Fiftyseven
percent of liquid industrial waste was from beer, wines,
and spirits manufacture and 11.1% from printing and
publishing.

A survey of rural villages showed thar plastics and
paper consimied abour 25% of the waste, by mass,
followed by glass (24.5%) and meml (21%). In the
major villages, constuction waste and organic matier
were the major rypes: 93% of landfilled waste in Gabo-
rone, Botswana's largest urban center, 1s made up of
refuse and garden rimmings.



Tabla 2. Wasts quantitios dtonnes) in Gaborons 100204 4006

1992/94

1904 19095 19096

Landhll cum.total 221 802

516 238

66l 170 BAZ 995

Bourcer Gabarone City Council, Department of Environmental Health 1996 annual report.

Tabla 2. Wean per capita waste generation by locality
Waste disposed

Waste disposed

(m*/ person v tkg person,/day)
Urban 2.32 182
Rural 036 0.20

Sowarce: TR0 {2000, Table 17.2).

Table 4. Estimates of Botswana's annual waste

‘Waste type Cnantdey
Selecred solid wasee (wonnes/ yr)
Solid waste (excludes mine waste) at landhll 270425
Solid hazardous wasee 1,560
Hazmardous clinical waste 2,500
Scrap metal waste 20,000
Household waste 250,000
Miscellaneous waste
Liguid hazardous waste (000m*) 4610
Tires { number) G0 651
Houwsehold div cell baweries (number ) 24 000
Lead arid bateries {number) 46000
il wasee (000 lites annually) 5600

Sowarce: TR0 {2000, Table 17.10.

Waste Management Practices and Implications
for Climate Change

Waste management 15 a new concept in Botswana as
well as the entire southern Africa subregion, except the
Republic of South Africa and Zimbabwe, Waste man-
agement is the sytemanc contrel of all unwanted by-
products of human actvites. The internatonally ac-
cepted conceprual framework for such conraol akes
the form of the following hierarchy:

Waste reducnon

4
Reuse/ recyele

4
Treatment

4
Safe landfill disposal

The top prioricy involves minimizing waste output from
ndustrial, commercial, and domesoc sources, rense of
some of the collected waste products after their primary
use, and recycling/ remanufacmring items from waste,

Hazardons waste must be mreated w0 eliminate is woic-
iy and harmfulness before disposal. Finally, unrecy-
clable and /or unusable wasie has o be disposed of in a
nonhazardous environmenally friendly manner.

Salid waste may be disposed of through land filling,
m either uncontrolled or engineered landflls; inciner-
ation: crude burning; or open dumping. In Borswana
the Waste Management Swategy and Act and landfill
guidelines underline the imporance of landfilling.
There are over 175 waste disposal sites throughout
Bowmwana., Of these, only o are properly engineered
landfills, with the aim of conserving and protecting
groundwater sources. The second one has been re-
duced o an ordinary waste dump due 1w poor manage-
ment and maintenance (Simon and Phashwe 1900,

Landfills are the ulomate repositories of waste for
urban areas and certain urban villages. The most im-
portant biogas or landfill gas produced s CH,. Glo-
bally. annual emissions from landhlls are estmated at
6% —20% of wal anthropogemic sources ( UNEP, WHO
1996), Recently, increasing atention has been focused
on the role of methane n global armospheric climate
change. One unit of methane has a global warming
potential of 21 computed for a 100+year horizon or 56
computed for 20 years. There are several important
factors that influence the generadon of methane from
the landfill disposal of solid waste in Boswana, Modern
urban saniary landfills are designed on the bhasis of the
stipulated guidelines (NCSA 19971, They are lined be-
fore receiving waste, with adequate provisions for the
safe conrol and removal of leachare. No provision has
been made for the removal of me thane, however. Apart
from generating CH,, landfills also produce subs@anrial
amounts of Oy and nonmethane volatile organic com-
pounds (MMVOCs),

The other challenges w landfill development and
management inchide (Phashwe and Simon undated)
lack of financial resources, lack of skilled manpower,
providing landfills for a sparsely dismibuted populaton,
and sandy soils that limit the local availabilicy of lining
and cover material. Cpen dumping and unsupervised
incineraton of onganic waste occurs in the villages and
in lowdincome urban neighbourhoods; wer organic
waste remains the main source of greenhouse gases
(GHGs) from incineration and CH, biogas emissions.
Waste collection facilities are inadequate except in the



urban upper income residential neighborhoods. What
s not collected is usually dumped and burned in the
open, thus releasing CO and OOy, Solid waste in rural
areas, low-income urban neighborhoods, and countre
wide medical waste are disposed of by inefficient incin-
eraton methods (CS0 20000, This adds wo COand COy
SLTETIEN

A large fracton of the carbon from waste such as
paper and food waste 15 derived from biomass raw
materials that are evenmally replaced by regrowth on
an annual basis. Under condinons of susminable bio-
mass regeneration, these emissions are not considered
as net anthropogenic COy emissions. However, other
solid waste products based on fossil fuels such as plas-
tics, and petroleum producs do release net C0g emis-
sions apart from N0, NO,, OO, CHy, and NMVO(Cs

Although efforts are being made o recycle plasics
and waste paper, there are currenty no economic mea-
sures in force to discourage indusimial and consumer
use of plastic products in Boswana, There is some
recycling of aluminum beverage cans, plastic and waste
paper in the county (CS0 2000, pp. 208-204). There
is also limited reuse of glass bortles and paper cartons,
At the moment, the development of energy conversion
methods is underexploied, being confined o a limiwed
number of biodigesiers or the burning of beer cartons
for heating water (Kgathi 1992,

Waste reuse of inorganic subsmnces is now being
practiced. However, this has as yet to be practced on a
large scale in the case of organic waste products, which
are a potental source of CO and CO4y.

Some of the medical waste is incinerated. This is,
however, improperly done due w lack of wamed per-
sonnel and may be responsible for incomplewe and
partial combustion of such waste and the release of
GHGs.

Apart from solid waste, human sectlements generate
liquid waste products. In the major setdements, liquid
waste 18 accumulated ar reatment plants (CSO0 20000,
Anaerobic methods are used o process the highly or-
ganic waste from municipal sewage and from food pro-
cessing and other indusinal facilines.

The weatment of wasewater and shudge under an-
aerohic conditions results in CH, emissions. Globally
CH, from wastewater reatment (WWT) represenis
B%—=11% of the toral annual anthropogenic emissions
(IPMCC 1996). Botswana's contribution is a mere 205
Gg. Other gases from WWT normally inchude N and
NMVOCs bt they seem o be insignificant in Boswana,
whose main source of Ny includes solid waste landfills
and pit latrines (Table 5). Smdies from elsewhere, how
ever, indicate that open pits and larine systems do emit
considerable amounts of CH,, under high tempera-

Teble & GHGs from eclid and liguid wastes

GHG sources CH, MO Oy, equiv. (Gg)
Solid wasee landhlls 782 0,02 164.25
Waste water o1 - 206
Pit latrines 0,017 5.35

Sounce: Adapted from Zhou (1999, Table 3.1.2).

mres and long retention tmes. This needs to be nves-
tigated in Botswana where these condidons apply.

T summarize, the disposal and rearment of both
solid and liquid indusrial and municipal waste pro-
duces emission of the most imporant GHCGs, namely
CH,, CO, OOy, MO, N3O, and nonmethane voladle
organic compounds (IPCC 1996). Landfills, waste in-
Cineratorms, wastewater reatment plants and pit lamines
are the mam sources of some of these gases in Boswana
(Tahble 5).

Minimizing rreating, and properly disposing of waste
from domestue household, economic, and mdusirial
sectors should correspondingly minimize the amount
of waste generated and the asscciaved GHG emissions,
However, the technology o do this remaims nade-
quate. There is also a need w broaden the scope of
factors accounting for the unsustainable waste manage-
ment process o inclide percepinal, regulatory, and
ECONOIMIC MSTIImen 5.

Conclusions and Recommendations

This paper uses the broad populadon, development,
and environment conceprual framework wo explain the
spatial occurrence of waste. Population growth and the
increasing spatial concentration of the population in
large settlements 15 likely contnue wo place a heavy
demand for facilities for handling the generared waste
in Bowswana. The failure to manage waste properly is
due n part o the lack of adequate financial, technical,
technological, and human resources w deal with the
problem. This poses serious im plicatons for GHG emis-
SIS,

The ultimate saluton o the GHG emission problem
from waste will entail more than a technological fix, I
will require a smrategic mix of approaches mvolving
technological, regulatory, sensitzation, and market-
based incentves (Egathi and Bolaane 2001,

Botswana's experence with waste management is
relatively very recent. The counuy has achieved some
appreciable level of success in s effors o manage
waste (Phatshwe and Simon nodate). The present pol-
iy framework i flexible enough tw handle climate
change issues arising from waste. The nation could



nonetheless learn from both the developed counmries
and experiences drawn from s SATN neighbors such
as South Africa and Zimbabwe. Fesearch and develop-
ment programs designed to inidate and adape environ-
mentally friendly approaches of waste management
should therefore be given adequate support

The provision of proper landfills for waste disposal
will minimize environmental and groundwarer pallu-
tion, but these strucmres seem o have not been de-
signed o handle the CH, which will be generated.
Landfills wall have to be engineered o permit the har-
vesting of methane, which constinites an ideal alverna-
tive energy source o conventonal fossil fuels (Gwebu
2001 3. The problems surrounding the management of
landfills will have o be addressed.

Proper incineration of waste should be encouraged
by installing high-temperatre incinerators. These wll
minimize OO emissions if operated by qualified person-
nel. Combustible waste can also be utilized o supply a
viable energy source from the heat produced by ncin-
crators that are currently used wo reduce the volume of
waste. Examples of such energy being converted o
thermal electricity inchide the Edmonton incinerator
in East London and Tronvilleen-Barrois in northease
France (Marron 1994). Composting could also mini-
mize GHG emissions resulting from the open burning
of organic marter.

Wastewarer treamment {WWT) entails prereatment
of wastewater o reduce biochemical oxygen demand.
Municipal sewage works in Brirain, for example. oypi-
calty produce biogas consisting of 70% methane and
30% carbon dioxide and sludge (Marrion 1994). Flar-
ing of methane is globally beneficial because methane
15 a much more potent wapper of heat in the atmo-
sphere than the equivalent carbon dioxide produced by
s combustion (Marrion 1994, p. 2000, In China, sew
eral million smallscale digesters have been consoiced
o ap such biogas fuel for local domestc cosking and
lighting (Marrion 1994, p. 206) Sludge 15 useful as
ferilizer. The nadon could draw useful lessons from
these examples.

Monioring of M0 from pit lamines remains an
essenial requirement w meet United MNatons Frame-
work Convention on Climate Change (UNFCCC) stip-
ulariomns,

Sensitizanon of communines o handle their waste
properly by nongovernmental organizmrions (NGOs)
and the Boswana Defence Force (BDF), through for-
mal educaton and Informaton Educaton and Com-
munication (IEC) programs of the potendally negarive
cffecs of GHG emissions on the environment, is a step
in the right direction. Government provision of services
on a costrecovery basis is a move in the right direction

as it has the potentdal of reducing the amount of waste
hable to crude burning in low-ncome neighborhoods.,

Economic costs need wo be factored into the produc-
tion of waste through the polluter-pays principle. In-
dustries and consume rs must bear the full cost in order
to minimize the producton and use of for example
plastic and paper products which are later on ineffi-
ciently mncinerated.
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