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Abstract: While the developed world is adapting to the conseges of climate changes, global warming will
negatively affect the quality of life and econorgiowth in developing countries. The low-income pagians
from low and medium Human Development Index (HDduwtries would suffer even more from climate
changes because of their vulnerable living conagtiand the lack of appropriate and adequate infictste.
Particular attention should therefore be paid t® ltw-income housing conditions not only to addréss
environmental concerns but also to improve thengivstandards and health and wellbeing of low-income
populations. This paper reviews the Ugandan housomgitions in order to identify the opportunitiasd
challenges for delivering sustainable energy edfitilow-income housing in Uganda. Urbanisationrsy
housing costs, types and sizes; construction method materials and renewable energy sources are sb
the areas which have been reviewed and discussddtail. The findings reveal some critical areashsas
informal settlement, overcrowding and access tostmgufacilities as well as embodied energy of catsion
methods and materials which require immediate ttten
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Introduction

ganda is located in East Africa, neighboured by tlSo8udan, Kenya, Tanzania, Rwanda and

Democratic Republic of Congo. Despite a ratherlstabonomy and an inflation rate of 6.6% in 2014

[1] (4.9% according to [2], Uganda suffers from thigoverty rates. In 2013, Uganda was ranked 164
out of 187 countries in Human Development Index (HBround 38% of Uganda’s population lives beldve t
international poverty line of $1.25 a day [3,4].

Uganda has an area of 241,038%and an average altitude of 1000-1500m above thdesel [5,6,7]. It has a
tropical climate with temperatures ranging betwd@n°C and 30 °C [8] with the hottest period between
December and February [7]. There are two rainyseabetween April-May & October-November and twyg dr
seasons between December-February & June- Augsgiectively; although climate change has considierab
affected this [5,9]. The annual rainfall in diffateparts of the country varies between 750-2100r8n [
Northern and Eastern parts of the country may éspee high temperatures above 30 °C while Southt&fes
parts may experience temperatures below 16 °G.dsiimated that the temperatures in East Africamiies
may rise between 3-4 °C during the next 70 yeaestdglobal warming [10].

Developing countries in tropical and subtropicalaa will be hit the worst by the climate changed.[The low
level of awareness of environmental concerns mdkessituation even more critical in these countries
Moreover, although improving gradually, environnamolicies are neglected by the governments ahitjteer
priority is usually given to economic growth [12]18he low-income populations from low and mediurBIH
countries, such as Uganda, would suffer more friohal warming because of their vulnerable livingnditions
and the lack of appropriate and adequate infratsires¢Bartlett, 2008 as quoted in [14]).

Unlike the rich countries who have the resourcesnteest and respond to such changes, adaptation in
developing countries and particularly in the poboeees is left to the individuals as a matter @ifhelp”. The
current strategy in many developing countries Isrfate-proofing” of the existing resources and astructure

in response to the increasing risks [11]. Thisaditin will considerably affect the living standaraisd health
and wellbeing of low-income people the majoritywdfom live in substandard slums and informal setliets.
Particular attention should therefore be paid t® ltw-income housing conditions not only to addrtss
environmental concerns but also to improve thetj\standards and health and wellbeing of low-incpewmple

to increase their resilience to long-term environtakrisks and disasters caused by the global weymi
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To this end, this study intends to evaluate theeritirUgandan housing conditions in order to idgntife
barriers and opportunities for delivering sustaladabw-income housing in Uganda.

Resear ch M ethodology

Relevant documents published by individual resess;HJgandan Government, UN-Habitat and other rekea
organisations are reviewed. Site visits and suraegsalso carried out to collect primary data ahdtegraphic
evidence to support the discussions. The outcorhéisediterature review along with the surveys ased to
identify the critical factors which affect the Ugtam housing conditions. The challenges and oppitigsrfor
providing sustainable, energy efficient low-incohmusing in Uganda are discussed and short-, midi{ang-
term plans and policies are recommended as thdusioe of this study.

Population Growth, Urbanisation and Slums

Africa is experiencing the highest rate of urbaovgh in the world. All African countries, except ga\frican
ones, have an urban population of 40% or more.ma@rity of population in African cities live inwgins and
informal settlements [15]. It is estimated that2860, around 56% of the African population livetie urban
areas [16]. Table 1 shows the actual and estimatedland urban populations in during 1990-2050.

Table 1. Urban and rural populations and ratesiotial changes [16].

Population (1000s)

Average
Urban Rural Proportion Urban (%) annual
rate of
change
(%)
Area/Country 1990 2014 2050 1990 2014 2050 1990 2014 2050 2010-
2015
World 2,285, 3,880, 6,338, 3,035,778 3,363,65 3,212,33 43 54 66 0.9
031 128 611 6 6 3
Africa 196,92 455,34 1,338, 433,064 682,885 1,054,60 31 40 56 1.1
3 5 566 9
East Africa 35,564 96,610 378,76 162,822 287,296 490,458 18 25 44 1.7
3
Uganda 1942 6124 33367 15,593 32,721 70,711 11 16 32 2.1

Uganda can be considered as an agricultural cosimcg, despite a high growth rate in urban popng5.6%
p.a.), only around 14-15% of the population livelie urban areas [5]. In 2009/10, the number ofhbalds in
Uganda was 6.2 million showing an increase of oriiom since 2005/06. During the same period, urban
households grew by 1.4% from 17.4% to around 18[8%. According to the National Census in 2002,
Uganda’s population was 24.2 million [8]. With aogith rate of 3.2%, the country’s population is mstied to

be around 38 million in 2015 and 68.4 million by380 30% of which would live in urban areas [5,1BY.
2050, Uganda is estimated to be one of the mostnisbd African countries [2].

Housing Conditions

The share of the construction industry in Ugands ihareased from 4.1% in 1988 to 12% in 2008 [18] a
14.6% [20]of GDP in 2012. Since 1988 the housing sector lea#s lgrowing with an average rate of 6.3%. This
is while in 2005/6 less than 1% of the labour foveere employed by the construction industry. Thigge
sector is the major housing provider in Uganda #rel government therefore only needs to develop and
implement appropriate housing regulations and staf®dito improve the housing conditions [19].

In 2010, Uganda’s housing stock was around 5.28omildwellings with an estimated shortage of 612,00
residential units [19]. The projected housing defic 2012 varied between 560,000 and 1.6 milli@%&of
which was in urban areas. The annual housing derhasdbeen estimated to be around 233,000 units. The
housing deficit is likely to increase to eight naili by 2020 if the current supply remained the sfzhe

Housing types

Making up around 58% of the total housing stockadieed houses are the most common housing type in
Uganda (Table 2). Huts and tenements (locally dalNizigo/Mizigo) take the next places with 21.5%dan
18.4% respectively. Although the share of hutsdiamst remained the same since 2005, the shaemefirtents

has increased by more than 3%. This is while iranréreas, the share of tenements has increaseqatystiam
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around 49% to 58% (9% since 2005 and 11% since )200@pared to only 1.1% increase in rural areas.
Moreover, according to the national surveys in 208fbund 27% of households lived in “room/rooms”
dwelling units. The share of “room/rooms” dwelling type was congadbly higher in urban areas (62%)

compared to rural areas (21%) [8].

Table 2. Types of dwelling and tenure in Ugand&@g2R010) [17,19].

Indicator Y ear 2005/06 Year 2009/10

Urban Rural  Uganda Urban Rural  Uganda
Dwelling Types
Detached house 36.8 65.6 60.5 30.2 64.4 57.9
Huts 8.9 24.8 22 6.2 25.1 215
Tenements/ Muzigo 48.9 8.1 15.2 58 9.2 18.4
Others 5.4 1.6 2.2 5.7 1.4 2.2
Tenancy Types
Owned 78.4 76
Rental 15.3 17.9
Other 6.3 6.1

Many people in African cities live in rental progies. In 2009/10, around 18% of Ugandan familieediin
rental properties. The situation is more critical urban areas. In 2007, for example, 57% of theaurb
population were renting their homes [21]. This figwvas around 70% for households living in Kamgalg.

The major reason for the very high rate of rentingthe high housing costs [19] which make houses
unaffordable for the families living in Kampala.cheasing prices have forced many people out ohthesing
market resulting in more demand for rental propstti

Household size and number of rooms

Overcrowding is one of the major challenges in WiganOvercrowding increases the risk of contracting
infectious and transmissible diseases. The Natibioaising Survey 2005/06 indicated that more tha¥ 50
Ugandan households lived in single roomed hous8f Hlso, according to Uganda Bureau of Statistios,
2011, around 46% of Ugandan households used ordyroom for sleeping. Overcrowding has been more
serious in urban areas as 62.3% of urban familkepsn one room compared with 42% for the rurahar[6].
Figure 1 shows the average number of bedrooms laegdisg occupants in each room in different pafthe
country in 2005/06 and 2009/10. Table 3 also shinsaverage household size over a period of eightsyin
different regions of Uganda [17]. In 2002 there evrmillion Ugandan families 14% of which lived umban
areas [8]. The average household size for urbailiésmvas 4.2 compared to 4.9 for rural areas ¢pfesenting
an average of 4.6 for the whole country. This islevlccording to [17], average rural and urban kbo#d size

in 2002 were in order 5.3 and 4.1. In 2011, thggufé decreased to 3.8 and 5.1 for urban and ruessa
respectively [6].

Next page
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Figure 1. The average number of bedrooms and sigemicupants in each room (2005-2010); Sourcebdéta

[17].
Table 3. Average household size in different regiohUganda (2002-2010) [17].
2002/03 2005/06 2009/10

Rural 5.3 5.3 5.2
Urban 4.1 4.6 3.9
Central 4.8 4.8 4.1
Eastern 55 5.6 5.6
Northern 51 5.2 5.2
Western 5.2 5.3 5.1

Uganda 51 5.2 5

Access to energy

Wood fuel and paraffin are respectively the maiel fsources for cooking and lighting in Uganda. Ascéo
alternative energy sources such as electricityeis/ dimited. In 2011, for instance, only 14.6% [@]2%
according to [22]) of Ugandan households had actesdectricity. This figure was only 5.3% in ruraleas
compared to 55.4% in urban areas (Figure 2). In32@ie rate of National Grid Electrification was.9%,
showing an increase of 4.9% since 2010 [22]. TheaBon is even more critical when considering¢tbenmon
cooking fuels since around 95% [6] of Ugandan hbokks use wood related fuels, such as firewood or
charcoal, for cooking purposes. This figure impbbsy only 2% over year 2002 figures when around ®7%
household reported their main cooking fuels asvired or charcoal [8].
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Figure 2. Access to electricity and cooking fuéfg;(Source of table: [6].

Figure 3 also summarises the sources of lightirdjfferent parts of the country. “Tadooba”, whichai local
paraffin candle, is the most common (66%) sourdgbfing in Uganda. It is followed by lantern (14%nd
electricity (12%) as the second and third most comifghting source. In Kampala, 48% of people use
electricity for lighting [17].

Lighting Fuel
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Figure 3. Types of lighting fuels in different regs of Uganda (%); Source of table: [17].

Construction Methods and Materials

Iron sheets (62%) followed by thatched roof (37%6) the most common roofing systems/materials infdga
(Figure 4). In 2010, around 57% of all dwellinggd¥%8 urban and 51% rural) had brick walls and 3998412
urban and 46% rural) were made with mud and péiligsire 5 and Figure 6 summarise the main wallindy an
flooring methods/materials between 2002 and 20h@. dnly noticeable change during this period has ke
6.4% and 3% increase in brick walls and cementrithgp respectively [17,19].

Roof Construction
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Figure 4. Roof construction methods/materials du2i802-2010 (%); Source of tablg¢$7,19].



52 Hashemi and Cruickshank / OIDA International Journal of Sustainable Development 08:10 (2015)

Wall Construction

a0
80
70
60

50
40
30
20
10

0

Rural ~ Urban Ugands Rural  Urban Uganda Rural  Urban Uganda
2002/03 2005/06 2009/10

M Brick Wall Mud and Poles wall Other Wall

Figure 5. Wall construction methods/materials dy2002-2010 (%); Source of tabl¢$7,19].
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Figure 6. Floor construction methods/materialsmy£2002-2010 (%); Source of tablgs7,19].

Walling methods/materials and environmental considerations

Following are the most common walling techniquesduis many developing countries including Uganda
[23,24,25,26,27]:

1. Adobe (also known as mud bricks or sun-dried ealdghk);
Cob;

Rammed earth;

Wattle and daub (also known as Mud and Poles);
Burned bricks;

Stabilised earth blocks; and

Concrete.

Noagakwd

Table 4 summarises the advantages and disadvantdgesmmon construction methods and materials in
Uganda. Adobe is an affordable and environmenfalndly material making it very suitable for loweome
housing; however, its aesthetics/appearance, losisteeice and high maintenance requirements (due to
vulnerability to rain/water) are the major issuesaxiate with Adobe. Plastering the external sedagould, to
some extent, resolve the aforementioned issuesmijer social challenge for using this materialochange

the people’s mentality as Adobe is commonly consideas the “material of the poor’[25]. Cob (Figufe
construction is also a common construction methaténal in Uganda. Cob is similar to adobe but is
uncompressed without framework. Cob is a mixturelay, sand and straw and is used to make wallg@ofd
[24].

Rammed earth walls are more stable compared toeadot Cob walls. Rammed earth walls are made from
100-150mm moist earth, tipped into a formwork amdnpressed by ramming [26]. The framework is then
removed compacted/moulded clay is then left to[8d}. Wattle and daub (Mud and Poles) is very common for
low cost housing in Uganda. Wattle and daub cosisita wooden grid filled with eartht. stands for around
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40% of all constructed houses in Uganda [17,19)weéher, compared to adobe, wattle and daub is less
environmental friendly as it increases deforestatioe to the application of local wood in its strue.

5 oy i ¥ . N 3

tion (left) and adobe (rigiaistruction. Source: The authors.

Burned bricks (Figure 8) are also a common andilseadailable material in both urban and rural are&
Uganda. Living in houses built with burned brickmesents higher social status compared to adobeaittie

and daubBurned brick is environmentally harmful due to éoftexcessive) soil extraction (Figure 9) which may
directly or indirectly affect agriculture and hdumtif local communities. Due to the need for firewpid also
heavily damages the forests and causes air pallasovell as affects the available fuel sources [24

Figure?. Cob construc

8

Figure 8. Burned Bricks are very common in botkaband urban areas. Source: The authors.

The excessive use of mortar (up to 30mm; Figuredi®ing construction due to the uneven sizes ofidxir
bricks is the other major issue in Uganda. Morepplastering the walls is necessary due to aesthetasons
[24]. Such issues significantly increase the ovexadt of this method of construction making itppaopriate
for low-cost housing.

'

Figure 9. Extensive soil extraction has negativarenmental impacts. Source: The authors.

Compressed Stabilised Earth Blocks (CSEB) arewidely used in the construction projects. CSEB is
relatively strong and environmental friendly dughte moderate use of cement and energy involved in
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production processes. However, consistent producimtrol is required to assure the quality offthel
product [10]. Compressed Earth Blocks (CEBs) anEBxSare similar to Adobe blocks however CEBs and

Figure 10. Excessive use of mortar d

CSEBs are more uniform in sizes and shapes [24].

ue to unevass

iy

&hapes of bricks. Source: The éUthors.

Ay

Concrete is also a common construction materiatkvis more common in urban areas of the countrg. Uge

of cement has been increasing during the last @ef28]. Although concrete is strong and durable, it iseath
expensive and is considered as a less environnfeetadly material due to high energy consumptiand CQ
emissions during the production of cement. Yetjiaw of unprofessional, energy intensive productiegthods

of burned bricks, concrete may be considered a®m@ sustainable material. Concrete is also regasged
stylish material and living in concrete homes repreés a high social status; however, its weak thkerm
performance/properties [29] may raise concerns @erupants’ thermal comfort living in such houses.
Moreover, relatively high costs of concrete makésss appropriate for low-income housing.

Table 4. Advantages and disadvantages of prevaibingtruction methods/materials in Uganda
[10,24,25,27,29,30]

Construction Durability Resistance Economy Environmental
M ethod/ Impacts
Material
Adobe Long life if Weak to Very affordable. Final ~ Environmentally friendly
plastered and medium cost varies depending on considering there is little
maintained the plaster used. waste or energy involved
well making it
Wattle and Require high Weak Low cost, considering  Causes deforestation due
daub maintenance raw materials are readily to the use of wood for the
available structure
Burned Bricks Relatively Relatively Reasonable unit cost;  Environmentally harmful
durable Strong however overall it is due to the
expensive due to the deforestation/firing and
amount of cement excessive clay excavation
required for mortar and
plaster
Compressed Relatively Relatively Respectively, 20% Relatively sustainable due
Earth durable Strong cheaper, same costs and to moderate use of cement
Stabilised (consistent 15% more expensive than and energy involved in
Blocks quality control a fired bricks wall with productions

is required)

equivalent, lower or poor
quality
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Concrete Durable Strong but Expensive Not environmentally
weak thermal friendly as massive energy
performance is needed to produce

cement.

Embodied energy

Operational energy (except for cooking and hot wagenot currently a major issues in African lomedome
housing. Embodied energy, in contrast, is the keyoir in evaluating the sustainability of constiuetprojects,
methods and materials [29]. Many of the prevailingterials and methods of construction in Uganda are
environmentally harmful. This is because of theyvémefficient and energy intensive production and
manufacturing processes.

Considering the required energy for processing madufacturing the common construction materialsbad
rammed earth and unfired clay bricks are the mosirenmental friendly materials with minimal embedi
energy and C@emissions. According to Oti et al., unfired peabsslay with no binder has an embodied energy
and CQ emission of around 525.3 MJ/t and 25 kgfiQrespectivelyThese figures for the unfired clay brick
with binders are between 657.1-667.1 MJ/t energggesand 40.9-42.9 kgG® emissions. The embodied
energy and emissions of common PC-stabilised brdits binder of around 12%, are in order 1025.6tNAdd
125.1 kgCQ/t [31].

Thomas & Cruickshank calculated the embodied enefggommon construction materials in Uganda [32].
They argue that the material costs and embodiedyg@ee not proportional in Uganda as, for exampdeintry
fired bricks are relatively cheap while they aree thmost environmentally damaging construction
material/method. Country bricks are followed bynkiired bricks and hollow concrete blocks as theose and
third environmentally damaging methods of constamctHashemi et al. also evaluated the embodiedggrod
different construction methods and materials in téfgan low-income housing [29]. The findings of their
research confirm that fired bricks are the mostrgynéntensive construction material in Uganda. Thaegue
that the embodied energy of fired bricks is up 0 ttmes higher than generic fired clay bricks eveloped
countries. The results of their research reveallbow concrete blocks are the most environménfakendly
walling method/material followed by cement staleitissoil blocks, artisan burned bricks/blocks andlsstale
manufacturers’ bricks. Table 5 summarises the eimeboehergy of common walling methods and mateiials
Uganda.

Table 5. Embodied energy of common walling metHa83.

Embodied Energy

Walling M ethods/M aterials (MJ) for 1m? of
walling
200mm Hollow Concrete Blocks Wall, 20mm 1:4 cemmottar 127
140mm Cement Stabilised Soil Blocks Wall, 20mmde#ent mortar 176
215mm Generic Brick Wall, 10mm 1:4 cement mortar 791
220mm Artisan Brick Wall, 20mm 1:4 cement mortames&t mortar 1067
220mm Small-scale Manufacturer’s Brick Wall, 20mm @éement mortar 3542

Discussions
According to Uganda’s National Development Plan@®01-2014/15 the main issues related to housintpisec
performance are as follows [19]:

« Old, fragile and unharmonised governmental lawsoiities;

» Limited access to and expensive financing (e.dh hiterest rates on mortgages);

« Skill shortages in areas such as architecture @uadtgral engineering; and

» Expensive construction materials (e.g. a 50kg Hagement is $15 in Uganda compared to $4 in the

Middle East).
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The low quality materials with massive embodiedrgpeslums, low housing supply, poor indoor air liya
and limited access to basic facilities should baealdto the above issues. The high population abarugrowth
rates also contribute to the abovementioned issuasd and housing demands have also been grdtette

by the high population and urban growth rates $&jch conditions have led to increasing slums afatrimal
settlements in many African countries including bda. In some African countries, slums and informal
settlements make up more than 50% of the wholéscitgpulation [33]. For instance, over 60% of Ugasd
capital city, Kampala, live in slums [20].

One of the major reasons for high rate of slum #tiom is access to urban land by low-income peuwyieh

put low-income population under pressure to buidy or rent low quality, small/high-density dwetis in
informal settlement zones [33]. Compared to devalppountries’ slums, such settlements are in ahmuarse
conditions and do not fit for the purpose by argndards [34]The residents of such slums usually have very
limited access to basic utility services and faskyrenvironmental and health conditions [15]. Dhieer reason
for such rapid development of slums and informdtlesments is the lack of structure to control thalgy of
housing by enforcing appropriate standards andetjuigs [20]. Implementing land and housing regalai
policies and standards would help to address s@®eges$ such as housing quality, slums and informal
settlements. Yet, as an “underdeveloped” countgandia does not have enough resources to effectileally
with such conditions. Previous attempts to imprthesconditions have failed due to the lack of appete and
sustained research which considers the local needscircumstances [34]. Moreover, although the tdraf
National Housing Policy gives particular attenttorlow-income housing aiming to improve slums antbece
minimum housing standards, considering the allathtedget, housing is not one of the Ugandan govents
priorities. Nevertheless, the government's intemtis to increase the private sector housing fross léan
10,000 to 250,000 units by 2025 aiming to redueehitusing deficit by 50% [2].

Housing affordability is another major issue in dda. House prices may vary between 9000 and 719,000
USD. This is while the daily income of more tharb®f population in Kampala is about 1.33 USD. The
available mortgages are well above the affordabiétel for 99% of the population [35]. High costEland,
infrastructure and construction materials are atsajor contributors to housing costs. The land and
infrastructure stand for around 20% and 15-25%hefftousing costs respectively. The cost of infuastre is
usually added to the housing units built by thevaie developers [2,21]; although, according to ltbheal
Government Act (1997), local authorities are resjlda for providing urban services [21]. This isilehthe
affordable housing delivered by the governmentostto 3.5 times less than the private sectorihgyg].
Due to housing costs, which are clearly outsidefitmencial strength of a great portion of Ugandamilies,
there has been considerable growth in the urbamlrerarket from 28% in 2002 to around 70% in 2083]]
The Ugandan government should therefore take radpbty for providing affordable housing and basic
infrastructure in order to reduce housing costswvimterest, long-term mortgages should also be igeml/ to
make houses more affordable particularly for loeeime populations.

Overcrowding and poor indoor air quality due to timited space and cooking indoors (using firewawod
charcoal) should be added to the abovementionessss Uganda. Figure 11 shows the common places of
cooking for urban and rural households. Around 2#%rban and 9% of rural households cook indoorgewh
23% of rural and 48% of urban families cook outdodround 60% of Ugandan families cooked indoora in
separate building [6,8]. This situation could cdesably affect the health of the occupants livingthese
properties particularly women and children who iardirect contact with generated fumes and smodm fihe
wood (Figure 12). In this respect, implementing imumm housing design and quality standards partiyula
terms of ventilation would help to improve the @nt conditions.

Place of cooking
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Figure 11. Place of cooking (%); Source of tab#§: [
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Effective and efficient use of renewable energgesrie of the key opportunities which can addressyroé the
current issues in Uganda. The potential sourcesrawable energy in Uganda are [36,37]:

« Solar energy: With an average solar insolation -6f BNVh/nf/day and 8 hours of sunshine per day,
solar energy is a clean and reliable source ofggnparticularly for off-grid rural areas. 200 MW of
solar electricity capacity is potentially availalieUganda;

* Wind: Although not as viable as solar energy, wimdlso a potential source of clean energy forlrura
areas. Wind speed of more than 6m/s is experieimc@deas such as lake shores and hills which is
enough to operate wind turbines;

 Biomass and geothermal energy are other potentiatces of green energy. Geothermal can
potentially provide 450 MW of energy;

e Hydropower: Currently only less than 10% of the embial hydropower energy is exploited.
Hydropower can potentially provide 3000 MW of eneig Uganda.

Despite such massive potentials, in 2011, less 18 of Ugandan households had access to elegtridits
figure was only around 5% for the rural areas [Btcording to the Ministry of Energy and Mineral
Development, the Ugandan Government aims to ineréas share of renewable energy from 4% to 61% by
2017 [36]; and increase the rural access to ebégttio 22% by 2022 [38]. It is not clear as to howch these
objectives have been achievddcreased access to renewable energies would rfgthave environmental
benefits, such as reduced deforestation and exee€%D emissions caused by wood related fuels, but also
improves the indoor air quality and health and beitig of Ugandan families by reducing their expestar
harmful fumes and smoke from firewood.

Figure 12. Poor indoor air quality due to cookindaors affects the halth and wellbeing of the oect.
Source: The authors

Environmental impacts and embodied energy of pliegaconstruction methods and materials are alsmajbr
concerns in Uganda. Improving manufacturing/proiducprocesses could significantly reduce the endzbdi
energy of the abovementioned materials [29]. Y#hoagh mechanisation improves the production sses,
mechanisation may not be economical in Uganda duké low production scales. The availability ofusp
parts and maintenance services are the other immgassues [27]. For this and many other reasoaditional,
locally available materials and methods of congibncare more appropriate in Uganda. The efforisukh
therefore be towards improving the processes adltgwf prevailing construction methods and masisrin
Uganda.

Conclusions

This paper studied the current housing condition&ganda in order to identify the limitations, hars and
opportunities for providing sustainable low-incor@using in Uganda. Housing affordability; informal
settlements and slums; unacceptable living conditiand standards in terms of overcrowding and acies
basic amenities; and low quality, environmentaléyrhful construction methods and materials weretitied

as the major issues which should be addressed &mdig Based on the findings of this paper, thevaiig
short-, mid- and long-term plans and policies a@eommended in order to improve the current housing
conditions in Uganda.

I mmediate and short-term plans/policies

a) Improving the conditions of existing slums and imhal settlements seems to be the most urgent issues
which requires immediate attention. Affordable a@ady to maintain facilities and infrastructure dtdou
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b)

c)
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be provided by the local authorities to improve thealth and wellbeing of the low-income
populations.

Overcrowding is also a major issue which shouldabdressed to improve the living standards and
reduce the risk of contracting infectious and traissible diseases. Considering many Ugandan
families live in rental properties, especially irban areas, enforcing minimum building and occuganc
standards for rental properties would help to askirthis issue. Providing design guidelines and
standards, associated with education and trainingthe effects of occupancy conditions and
behaviours on indoor air quality (IAQ), would alkelp to reduce the risks of poor IAQ in buildings
improving the health and welling of the occuparastipularly women and children who spend more
time indoors.

The current wasteful production methods of consivacmaterials have negatively affected the local
environment in both urban and rural areas confrilguto issues such as deforestation, desertifioatio
excessive and extensive soil extractions as weikatth issues. It is therefore necessary to ingtbe
current production/manufacturing methods of comiom materials to mitigate the environmental
impacts of the construction industry. In this regpearticular attention should be paid to produrti
processes of fired bricks which are over four tirmewe energy intensive than generic brick walls per
square meter.

Mid-term plans/policies

a)

b)

d)

The absence of appropriate urban land policies sderbe a major reason for rapid growth of slums
and informal settlements. Managing and providingaarlands for low-income housing would help to
address these issues.

The very high housing costs, which are outside fthancial strength of low-income people, also
contribute to issues such as slum growth and végh hate of rental properties in urban areas.
Providing long-term, affordable and accessible gages for low-income people would make houses
more affordable and help to address these issue.

Building regulations and standards should alsodeldped and implemented by the government and
local authorities to control and improve the hogsjjuality.

Simultaneously, use of environmentally friendlycdtly available materials should be encouraged to
reduce the costs as well as the environmental itapEcconstruction methods and materials. Raising
public awareness on environmental issues would teelimprove the current conditions. Moreover,
builders and artisan producers should be educeewt in order to improve both production and
construction methods and processes. In this regueuiding samples/examples, national exhibitions,
competitions, awards and incentives would encouthgeonstruction industry to review and improve
its current practices.

Long-term plans/policies

a)

b)

Access to alternative sources of energy such adrieiey should be increased. This is particularly
important in rural areas where access to elegtrisionly around 5% of the households. In this eesp
taking advantage of renewable energy sources sackokar and wind energy in rural areas is
recommended. Access to alternative energy souroesdvalso help to reduce the rate of deforestation
by reducing fuelwood consumption for cooking. Thisuld in turn reduce the risk of poor indoor air
quality and improve the health and wellbeing of lmesome populations.

New construction methods and materials should beldped and encouraged. This may be considered
along with construction technology transfer to ioy# the current conditions in Uganda. The statitic
data discussed in this paper reveal that the sifakernative and new construction methods/mdteria
in Uganda is negligible. The current trend is, actf more towards replacing high maintenance
materials such as adobe with more durable, butdastinable energy intensive, materials such as
fired bricks. This trend should be associate withdgal replacement of current environmentally
damaging construction methods and materials withenionovative and sustainable ones which are
adapted to the current conditions and requirenritse country.

It should be noted that reducing embodied energyhés key factor in reducing the G@missions and
environmental impacts of Ugandan low-income houssegtor. Nevertheless, rising living standards may
transform the operational energy from negligibleatmajor issue in the near future. Similar trendgehbeen
experienced in other developing countries suchndland China where space cooling has become ar maj
issue. Therefore, passive design strategies shastdbe promoted to address thermal comfort andoindir
quality as well as operational energy in both ddinesd non-domestic buildings. The above fact@sdto be
collectively addressed to achieve a truly sustdehbusing industry in Uganda.
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