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Energy in Low Income Tropical Housing
2013 - 2016
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Housing Energy

p Embodied Energy;
p Operational Energy;
p Urban scale Energy;

p Processes and Policy.
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Partner Locations

Energy and Low Income Tropical Housing

The University of Cambridge, The University Of Warwick
® The University of Nottingham, Ningbo China
Uganda Martyrs University, Nkozi
® National Housing and Building Reasearch Agency
® King Mongkuts University of Technology Thornburi
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Contexts of Action

ENERGY, RESOURCES AND CLIMATE EMISSIONS:
ABSOLUTE REDUCTIONS VERSUS AVOIDED IMPACTS

In order to improve life quality, the poorest must have access to and consume
MORE energy and resources. But by using the best, lowest impact solutions,
their development impact could be limited to 1-2 kW/cap (low / eco) instead of
growing (b.a.u.) towards present western levels of 4-7 kW/cap.

6 reduced growth )
i e 5 AVOIDED
Therich > _
4-7 kW/cap 4 radical ——) IMPACTS
downscaling
3 /
2 b.a.u. ==——p
1 g ’——’—‘——
Thepoor a T e e ——’N——"-_, = \ /OW/@CO
100-300 W/cap mss

2000 2050 2100

p ://warwrick.ac.uk/fac/sci/eng/elith/
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Project Team Composition

e Diverse leanings and output based on discipline, country and specific
Interests.

e Physicists, Engineers and Architects across Thailand, China, England,
Tanzania and Uganda.

e Interests: energy and simulation studies, materials/technology, Life Cycle
Assessment (embodied and operational energy), urban design,
neighbourhood design and the architecture of dwellings

e https://warwick.ac.uk/fac/sci/eng/elith/.
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¥¥ The ELITH Project - Energy " Durham Energy Institute : |
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Energy and Low Income Tropical Housing (ELITH) Project

Home | About | Partners | Activities | Embodied Energy | Operational Energy | Urban Scale Energy

School of Engineering

Processes & Policy | Gallery | Publications | Program Evaluation

ELITH, Energy and Low Income Tropical
Housing, is a three year research project (2013
- 2016). With its key focus on sustainable
development, it was set up to identify, research
and propagate methods of addressing the
energy consumption and climate emissions of
low-income housing in hot climate developing
countries.

Lead partner Warwick University has
coordinated partner research institutions in
Thailand, China, Uganda, Tanzania and the UK.
The programme has been funded by the UK
research council EPSRC.

The Low Income Tropical Housing project is a
research collaboration between:

= University of Warwick, School of
Engineering, UK -- Lead partner

= National Housing and Building Research
Agency (NHBRA), Tanzania

= University of Nottingham Ningbo China
(UNNC).China
= Uganda Martyrs University (UMU), Uganda

= King Mongkut’s University of Technology
Thonbuyri (KMUTT), Thailand

= University of Cambridge, UK

Funded by EPSRC/DFID/DECC as part of the Energy and Internationzl Development programme

Page contact: Peter Lever

p ://warwrick.ac.uk/fac/sci/eng/elith/
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Find further information about the knowledge

generated from ELITH research

Areas of Research

Project Publications

Embodied Energy

Operational Energy
Urban Scale Energy

Processes and Policy

Selected Publications

All Publications
Datasets
Proceedings
Project Video
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Sustainable planning: the dynamics of change

To ensure a sustainable project, all four
of the actor groups must be includedin  Process planning: four critical agents of change
the planning and project organisation —
as well as in the lifetime management.

The dynamics and processes of change:
sustainable building almost everywhere
has identified and pursued four difficult
but essential processes.

1. From segregated spatial zoning of
cities to mixed use districts

2. From specialised to integrated design
and planning - also a key to lower costs,

3. From uncontrolled construction to
voluntary energy efficiency guidelines
and then on to mandatory standards and
codes for environmental quality

4. From private-public contradictions to a
win-win modus with better cooperation.

Chris Butters, Warwick University UK ELITH Research Program, 2015

p ://warwrick.ac.uk/fac/sci/eng/elith/
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A. HOT DRY

Minimise solar incidence
(shape, colour, shadings, veg...)
Maximise air movement
(location, shape, openings, veg)
Plan, section

Thermal mass

Water

Wind towers
Evaporative cooling
Solar chimneys

Ceiling fans
Wind cowls

Humidifiers, AC...
District cooling

whenever supply side: renewables

p ://warwrick.ac.uk/fac/sci/eng/elith/
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SPACE COOLING STRATEGIES: GENERIC PRIORITIES

B. HOT HUMID

Minimise solar incidence
(shape, colour, shadings, veg...)
Maximise air movement
(location, shape, openings, veg)
Section

(mass?

Ceiling fans
Wind cowls

Desiccants, AC ...
District cooling

whenever supply side: renewab

Chris Butters: Design Principles for Cooling. There are fewer options in hot climates
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UMU FoBE staff team:

p Alex Ndibwami, Researcher (Team Leader)

p Dr. Mark Olweny, Researcher

p Thomas Niwamara, Research Assistant

p Herbert C Drazu, Research Assistant

p Achilles Ahimbisibwe, Parttime Research Assistant

p Conrad G Kazoora, Parttime Research Assistant
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Housing, Energy, Carbon
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Objectives

) Measure operational-energy in current housing;

) Develop ways of reducing housing-use energy and costs on building services and
appliances;

) Review and develop passive design strategies in tropical housing

) Measure embodied energy in materials

p Develop ways of reducing embodied energy in materials

) Identify ways of improving rural building materials production in Africa
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The site is a continuous update of the activities undertaken by the ELITH project at The Faculty of the Built

Environment, Uganda Martyrs University Nkozi.

—

VERNACULAR ARCHITECTURE: Advocating Volcanic Stone Construction as a Viable
Alternative to Fired Brick in Mountainous Areas of Southwestern Uganda.

Keywords: Vernacular, Stone Construction, Sustainable development

The following discussion presents volcanic stone as a viable walling material in areas where it is abundant. Kisoro, Fort Portal and Bushenyi located in

Southwestern Uganda are areas endowed with abundant volcanic stone. However, area residents still opt for brick walling despite the poor soils in
those areas. The poor soils produce lower quality bricks compared to the fired clay brick from other areas especially around the Victoria basin.
Natural stone possesses physical properties suited for structural walling yet in Uganda it is habitually specified for its aesthetic finish (floor surfacing
and wall cladding). In comparison to Compressed Earth Block (CEB) and Compressed Soil Blocks (CSB), stone has not been explored enough as a

potential front-runner among sustainable walling alternatives. Further, little is being done to empower local communities to meet their own

aspirations as industry, economics and urban development conspire to interrupt the transition to sustainable development particularly with regards to

how environmentally unfriendly materials like fired brick are propagated.

The use of stone in construction is not completely alien to our context. According to Nnamdi (1997), stone construction in Africa dates ba

10,000 years ago. In fact, Shadmon (1996) writes that Stone was used for construction way before man ever started using metallic tools.

p https://elithumu.wordpress.com
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Key Statistics on Housing in Uganda

e Population growth @ 3.2% | Urbanisation @ 5.2%
e 7.3 million Households | 6.2 million housing units | 4.7 persons per household

e Backlog: 710,000 units overall | 900,000 units as result of substandard
housing

e Annual need: 200,000 units = 135,000 Rural and 65,000 Urban
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Main causes of the housing deficit in Uganda

e The cost of providing utilities/infrastructure
e Borrowing rates

e Cost of building materials

* The cost of land

¢ Prohibitive government investment models among others financing and policy
Issues

e The distortion in FOREX
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Major Findings, Key Impacts And
Communication Strategies

) ‘Informality’ for majority; professional services lacking

p Joint efforts made target small sample, multiply at slow rate. Led by NGO and
CBOs with links to Local Government and Communities. Links created fail in
having a multiplier effect or visible uptake rate - restrained capacity or poorly
conceived models that do not encourage self driven uptake at community level.
At commercial scale, pricing is generally out of touch with what people can
actually manage. Price of property is escalated by Government’s failure in its
overall strategy and key infrastructure like roads, water supply and access to
electricity. Security of tenure can only be overemphasized - results in either
tenements or self built, often inadequate and assembled of out of what is

available, accessible and simply what works(?).
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Housing, Resultant Consequences

A lot of housing is poorly lit or poorly ventilated; insufficient or inefficient
spaces; lack of or inadequate sanitary facilities; and often built through
questionable processes - material wastage and little thought on the

implication of the production processes on the environment.
Situation today has not been informed by the studies and policy discourse that

date as far back as the 1970s and 1980s by John Turner among others and

even more recent studies.
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Implementation Streams: Skilling

) Expanded research collaborations and consultancy to include:

) Belgian Technical Corporation - student housing design

) Building Tomorrow - student housing design

p Haileybury Youth Trust - dissemination/diffusion studies

) Ministry of Energy and Mineral Development - Reviewing the 2002 National
Energy Policy

) Ministry of Works and Transport - Developing a Building Code for Uganda.

p A database of interested professionals

p Reinforced/Improved the existing and introduced support courses to the FBE
curriculum
) Design Build student projects

UNIVERSITY OF
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Implementation Streams: Skilling

p Housing deficit: Registered the state of affairs through community surveys

p The Building Control Act: Developed and constantly improving tools for peer/self
evaluation

p The Machakos East African Schools of Architecture Resolution on
Environmentally Conscious Design in Curricula: Presented the benefits of good
practice

p The Uganda National Housing policy: Unpacking familiar concepts - wood fuel
use, bases for selection of wall materials and aspirations

p Regional Centre of Expertise - Greater Masaka (UMU), A number of technical
Institutions in the country: Engaging in key policy and regulatory stakeholders.
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Siting

The stream is concerned Site use/ Site planning
eth ) - f locat " N
hu‘h ISSuUes Ol .o,f'n.n_.q ac Building
laying out a building in its
environment.

configuration

Lanscaping

Fenestrations

The purpose of this unit is
to present design
considerations in the
disposition of windows
and extenor cpenings.

R S el Housing is an aspirational construct across social
A riat For . . .
T e statuses. Key to the provision of diverse solutions
et is acknowledging that while construction/building
] 7 At ources . . .
whle dealing wit can be improved in terms of cost and embodied
aspirational concerns . . . . .
within fair limits. energy, it needs to deal with its site and socio-
T — cultural issues: and this can happen in the context
P et e (IGtdanr ranaitions of design procurement options and construction
opportunities presented

by adjacencies of spatial approaCh )

functions. Indoor transitions

Materials

Building matenals
constitute more than half
of the cost of low income
housing. This stream
prsents vanous issues for
considerationin matenal
deployment.
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Procurement/Propagation

Soope and Clyctve
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Procurement/Propagation

Scope and Objectve

The objective of this stréam is 10 share knowladge about and skills Necassary for SoCal O SOCIO-8CoNOIMIC
engagament In as far as ey influence atttudes toward procurement and propagation of materals/
technoiogy. The stream capiures best practice exampies moving in the direction of participatory and
socialy-ariven planning, informed by key stakeholder engagement, local context and culturally aware
processes hat empower end users all the while mpeoving the bulding CONStruclion process.
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DESIGN AND CONSTRUCTION STRATEGIES

HOUSHO & &N Sprnory o FEOSS SOCIN Saluses, Key 10 Ihe prontson of dhvserss SOLTOMS

S ACANaweoging et while

N Dulkding can De mproved In tenms of cost and om

. o3
ey, 11 St 10 Ol Wil 18 AP M) SO0CO-CUTLEN SRS Al This Gy RSN in e COmeat of

gosion, procuremen . ophisre and corstructon approach

EMBODIED ENERGY COSTS
Sy |

OPERATIONAL ENERGY SAVINGS

Aaurgtonm

wrwrahog 101 i aetalont appepriate ieia ey o saleges w il le

e stroam 5 concomed  Ste use' Ste ok 1

h mroes of lzcetirs 4

weh zooes of Bcafing anyd Buldng COMQUALO t

Vg oo @ Dol y s b

Ao Ty |
|

ASRCADNG

Fenestrations |
M pup e of tha unt s
f Jeson

GrROerstons m he

fo prese

(R0 of mndows

A oxTerAY OPerVIeS

-
=

Efticent square metres

AZEvoenae spece Foer |
PSS v 10 prownvde Soece '
M UG bened L =
yom Wned' Ources -
wivie coaing with

aspvananal concoms

Wt S Vrrvis
Transitor spazes :

Mz strsam OO0 i v i or'eg > \ "
OOOOrTurs)
by adyaceccms of spanial
AeCrons hdoor Yarsiticre
Materialo
Buwang madtena's Ravw mmaderal sourcng

QR Te rve e haW
of the 00t of lew YO
howveng Thi sreom
priends varous issues Ky

BRSO T e\

AT T

Traraponasor CEB - 0K

SCES - 253K/ v sm

Uni |s 2y CEB « 28 unita a1y

stretchor bond

34 unts/ s.m

Bk - 52 unta’am

stretc ey bondd

(B

N/

THL UNIVERSITY OF

4
& WARWICK

UNIVERSITY OF
CAMBRIDGE

Eserdy O CO0)

MO SO are [T O WO (el OO 00 1AMy

", & Dl OF & oM tiong 15 & 30

Erergy for coolrg

. ., PAvten o
L
Bedadh
L TETF
Ty ’
¥ N
. . Enelgy o cooy)

Cost reduztine

The miversity
| of

Nottrgham
Nngho, Oy

EPSRC

RISKS GAPS

Groen space’ Ouscar ivirg

Quaity of lite

Say gt

Velure of sgace ard
B OCipten] OO ITe Y

Denefils

Ervroormentyl rolection

JOb credion for locsl
peopio
=educ ¥

ot sxchaoe

o tfow

CEB reQares woalhar Cower g par indi
mantorance
SCES regures Non level of qualty

S On 8 e prod I on phase Ior

Denefits 10 Do mears

Bk m W SOt B COMy Dul '

COS car be Brought down depan

3 on
procunmert cotomns as part of mass

MO Cr Comrunty parthonhipe

Couriey beick & rendily svndable o many

s ard yot |s amocistod with

WUt Of commedenio arry

Of DO Mass a1 e Sroducthon phase

Thursday, December 7, 2017

22



cHen + ~ X
sioge O\ ©
| =
Sleeping | ':'
| —3
| \J'L
"\l 11
Adaptable I
_-a___ __’_ space for 1]
| o |‘ interaction or
’| future [ |
Future h’ davelocpment | |
developmant/ , 1]
gardaning lot “l T
}l
|
i
L X s al b 1
I Coverad
| | porch
Lieie it T
5.1
) G Vel
!'. \. q"' \\_
. THL UNIVERSITY OF UNIVERSm OF
& WARWICK | &% CAMBRIDGE

) \77] &

4

Adaptable
spaca for
ntaraction or
future
Gevelopment

Stora
—— _._99....7.

Kitchen +
Slkeeping
ared
e
— P :

Future ‘ ’

dawalopment/ ‘ r q‘

gardening lot ! i -l ;

bedadb oL .$
—tededbl-¥_ 4

MODULE CAN
ACCOMMODATE MULTI-
.ol STOREY H,OLSA'N,G ol
e e /-—- TR e
A (" \'-.
R=E -
e

Assumptions
1. Depending on orientation, appropeiate shading strategies will be

applied.

2. Vehicular provisions are part of wider nelghbowhood strategy.
3. The plot is based on a conventional 15 x 30 m lot.

.y o e

* So—

space for

e e

L] | ]

i | : |

| Future i ’ I l

I davelopment/ i ! I I

I gardaning lot l ! I '
i || )

interaction or
future

devalopmeant

Skeeping
area

Thursday, December 7, 2017



Key Findings, Dissemination
Streams

Improving Rural Building Materials Production In Africa And Reducing Housing Embodied Energy And Costs
Ndibwami, A and Ahimbisibwe, A. 2017. Education with(in) practice: Reducing the gap between architectural practice and education

Ahimbisibwe, A. and Ndibwami, A. 2017. The triple helix model as driver for innovation with local building technology in urbanising societies.

Ahimbisibwe, A. and Ndibwami. A. 2017. Changing attitudes in educating the developing world: Incorporating earth construction in an East African
curriculum.

Wasswa, P., Ahimbisibwe, A., and Ndibwami, A. 2017. Vernacular architecture: Advocating for volcanic stone construction as a viable alternative to burnt
brick in mountainous areas of South-western Uganda.

Niwamara, T. & Ndibwami, A. 2016. Adoption of appropriate technology in construction: A pilot study of compressed earth blocks uptake in Kamuli District
- Uganda.

Olweny, M., Ndibwami, A., Thomas., P., Ahimbisibwe, A., Lubingo, M., Katta, J. 2015. To Build or Not to Build: Going Live is [Not] Just Being Practical!

Ahimbisibwe,. A., Ndibwami, A. and Niwamara, T. 2015. Rural (low income) housing: inspiring communities to shape their future.

Operational-energy In Current Housing And Ways Of Reducing Costs On Building Services And Appliances
Drazu, C., Olweny, M.R.O., & Kazoora G. 2015. Household energy use in Uganda: Existing sources, consumption, and future challenges

Kazoora, G., Olweny, M., Aste, N. & Adhikari, R.S. 2015. Energy consumption trends of residential buildings in Uganda: Case study and evaluation of
energy savings potential

Embodied Energy In Materials And Ways Of Reducing Housing Embodied Energy And Costs
Olweny, M., Ndibwami, A. and Ahimbisibwe, A. (2017). Embodied energy of the common wood red brick.

Passive Design Strategies In Tropical Housing
Olweny, M., Mugagga, L. L., & Nedala, T. 2016. A study of thermal comfort and thermal preferences in the upland tropical climate of Uganda.
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Follow Up Work: Feasible Projects - PRED

) Prototypes for Resource Efficient Dwellings (PRED)

p In an attempt to build on a previous partnership with UNHabitat there is an idea to
work with communities in municipalities in delivering better housing. The first step
has been to work with students to develop prototypes for 3 typologies typical in
most urbanising communities that address key issues. Following from previous
findings on the ELITH project, community walk through surveys by students and
with reference to national household surveys the observation is that, people live in
either: poorly lit or poorly ventilated housing; insufficient or inefficient spaces; lack
of or inadequate sanitary facilities; among other social, economic and
environmental issues students will articulate in more detail. We are focussing on
re-imagining three typologies: tenements or mizigo, the shop house or duuka and
the family home or amaka. The fact that these are prevalent suggests a starting
point to ground any interventions towards promoting adequate housing.
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Follow Up Work: Feasible Projects - SPREAD

) Sustainable Partnerships for Rural Energy Access and Development

p With the growth of private not-for-profit universities across Africa, many located in
secondary cities and rural centres, there is an opportunity to build synergies
between these institutions and their communities for mutual benefit, based on the
diffusion of innovation theory, playing on the role of universities and similar
institutions as catalysts for development, not only in human capacity, but also as
innovators through the uptake of new technologies as a demonstration of
commitment to mitigating climate change, and using this capacity to benefit the
surrounding community by acting as a hub for technology, in this case as a
generator of renewable energy, that in turn can be distributed to the surrounding
community, more so community facilities such as schools and hospitals. This
Hub-and-Spoke developmental model could showcase the role of higher
education institutions as centres of excellence in the true sense, and are not ivory
towers, erasing the us-and-them view that befalls many universities that are in the
community. These could then be scaled up and replicated in different places
further spreading access to modern energy across the country.
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