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ABSTRACT

Based on the available scientific evidence, it is now more certain than ever that people
are altering the climate. The temperatures in the atmosphere and even the in the oceans
are rising, sea-levels are going up and the Arctic sea ice is waning. One of the major
contributors of these climatic changes is the increased energy consumption due to
rapid urbanization and growth in the building and construction industry both
internationally and locally. The building and construction industry is one of the largest
consumers of energy and also one the largest emitters of greenhouse gases in the world
today. Urgent measures are therefore required to reduce energy consumption, control

emissions during manufacturing, transportation and installation of building materials.

The main objectives of this research was to establish if there are green buildings in the
area of study, determine the impact of building services on energy consumption and
subsequently establish the variations in energy consumption by building architecture.
The study covered 42 buildings which formed 20% of all the tall office buildings

within the study area.

The research established that there exists green buildings within the study area with
the best performing building being the Coca Cola headquarters in Upperhill attaining a
5 star rating based on the Green Star rating criteria; this building offers the best case
study of how buildings within the tropics can be designed, constructed and operated to
meet the requirements of a green building.

This research recommends for formulation of a policy framework that will ensure that
developers and existing office building owners incorporate renewable energy sources
in their brief to supplement the energy from the national grid; the research further
recommends for the formation of a national body that will ensure that new buildings
are designed to meet the green building requirements that will subsequently lead to
efficient use of energy within the building and construction industry



CHAPTER ONE

1.0 INTRODUCTION
1.1 Background of the Study

One of the biggest challenges facing mankind today is mitigating climate change
(Godwin et al, 2007) mainly due to rapidly growing world energy consumption
which is considered as one of the main elements in climate change. The energy
consumption role in climate change is viewed in terms of its damage on the
environment in the form of ozone layer depletion and global warming. In terms of
global warming, the increase in energy consumption has resulted in corresponding
increase in carbon dioxide (hereafter referred to as CO;) which contributes a
substantial 80% of global anthropogenic greenhouse gas emissions (IEA, 2006).
According to the International Energy Agency (2006), during the last two decades
(1984-2007) energy consumption went up by 49% and CO; emissions by 43%,
with an average annual increase of 2% and 1.8% respectively and this trend is
predicted to continue. The increase on the energy consumption and corresponding
increase CO, emission is predicted to increase more in the emerging economies
especially in Africa with an estimated average growth of 3.2% and expected to

exceed by 2020 for the developed countries.

The International Panel on Climate Change (IPCC, 2004), notes that CO, emissions
from the building and construction industry could increase from 8.6 billion tonnes
in 2004 to 15.6 billion by 2030 under a high growth scenario (Levine et al., 2007).
The high growth scenario of CO, emissions from buildings was also reported in the
IEA (2009) estimates where it was indicated that buildings could be responsible of
33% of the globe’s total final energy usage. The energy consumption in buildings
can be attributed to production of raw materials, operations during construction,
operation during use and the demolition phases of buildings. The rise in energy
consumption in office buildings is due to the growth in information technology use
in office buildings, air-conditioning, density of use, and comfort in the workplace.
The energy consumption in office buildings is largely in the form of electricity

where IEA (2009) estimated that two thirds of all energy consumed in an average
1


http://www.iea.org/index.asp

office building to be electricity. It will therefore be logical to measure energy
consumption in buildings as an indicator of green Architecture in terms of the key

office buildings energy requirements.

For an office block to qualify as a green building, there should be significant
reduction in the overall green-house gas emissions and energy demand. Green
buildings should therefore be designed to save on energy in a more sustainable
manner. In Architecture, sustainability entails integrating energy conservation
strategies in all phases of building lifespan and it is this holistic design that
comprises the green Architecture. OECD (2005) describes green buildings as those
that have minimum adverse impacts on the built and natural environment while
sustainable building is defined as the building which practices integral quality in a
very broad way. The efficient use of natural resources thus contributes to saving
limited resources, cutting down on energy consumption and thus good
environmental quality. Policies that advocate for sustainable building practices
should be encouraged and implemented taking into account the existing conditions
since both the environmental practices of the construction sector and the demands

of users are key factors in sustainability.

Improved efficiency in the building sector and de-carbonising the energy sector
could offer significant potential emissions reduction. In Kenya, the construction
industry has been on a steady and tremendous growth where the Kenya National
Bureau of Statistics (KNBS, 2011) reported a contribution of KSh12.6 Billion from
the construction industry to the country’s GDP in first quarter of 2011. This growth
in construction was also reflected in cement consumption which rose to 779.3
million tonnes up from 667.1 million tonnes consumed in first quarter of 2010
(KNBS, 2011). A big percentage of this building construction projects in the
country are taking place in Nairobi. In light of this, Green Architectural design
concepts throughout the project cycle could have a significant impact on energy
consumption. Buildings can be constructed and operated to meet user’s need for
thermal and visual comfort with minimal levels of energy and resource utilization.
Thus this study analysed the impact of Green building design in reducing the

energy consumed in office buildings in Nairobi.
2



1.2 Statement of the Problem

This study attempted to address the problem of energy consumption in high-rise
office buildings in Nairobi in terms of what constitutes a green building, amounts
of energy consumptions, differences in energy consumptions and occupants
behaviour. Buildings are classified as some of the largest consumers of natural
resources with significant contributions to greenhouse gas emissions (Yi Kai et al,
2010). Urbanization in Kenya, like any other growing economy have largely
followed conventional building design relating to those in Europe and Western
world without consideration of climatic variation and this has resulted in energy
consumption for up to 35% of the country’s total energy consumption with carbon
emissions exceeding those in the transport and industrial sectors (GEF, 2009). The
immediate effect in Nairobi is manifested by the formation of an urban micro
climate and gradual transformation of the city into a heat island. In this sense, rapid
urbanization of Nairobi city under conventional building designs is contributing
immensely towards intensifying change in climate that could affect the weather
patterns and other life supporting systems. Notably, no attention has been paid to
ensuring energy efficiency in the construction industry despite the impact buildings

have on the environment.

Energy efficiency in the construction industry particularly in the high-rise buildings
can be enhanced through adoption of an integrated approach to building design, a
concept known as green Architecture. A number of private corporations in the
building sector in Kenya have started to embrace green Architecture in their
building designs in a bid to save on resources alongside reducing environmental
impacts. Recent Studies on the effects of green Architecture on energy saving have
not been conclusive with some indicating significant effect (Scofield 2009; Chang
et al, 2011) while others (Kneifel 2009; Fay et al., 2000) have indicated no
effective savings in energy. Besides methodological differences, most
comprehensive studies on energy consumption and green architecture have been
conducted in western world where climate, being a key external influence of energy
consumption, differs significantly with that of tropical countries and Kenya in
particular. In bridging this gap this study will aim at investigating the levels of

energy consumption in green and non-green office buildings in Nairobi, assess
3



comprehensive studies on energy consumption and green architecture have been
conducted in western world where climate, being a key external influence of energy
consumption, differs significantly with that of tropical countries and Kenya in
particular. In bridging this gap this study will aim at investigating the levels of
energy consumption in green and non-green office buildings in Nairobi, assess
occupants behaviour and recommend architectural design strategies of coming up
with more energy efficient buildings. The specific questions that were addressed in
this study were as follows:

1.3 Research Questions

1. Are there high-rise green buildings in Nairobi?

2. Which services in high-rise office buildings consume the highest amounts
of energy?

3. What is the difference between energy consumption in green and non green
high-rise buildings in Nairobi?

4. What is the role of occupant behaviour in energy consumption in green and

non-green high-rise buildings in Nairobi?

The solutions to the four questions above were aimed at achieving the objectives of
the study as specified below.

1.4 Objectives of the Study

1.4.1 General Objective

The general objective of this study was to determine the impact of green

Architecture on energy consumption in high-rise office buildings in Nairobi

1.4.2 Specific Objectives

The specific objectives sought to:
1. Assess the prevalence of green buildings in Nairobi
2. Analyse the impact of buildings services on energy consumption

3. Analyse the variations in energy consumptions by building Architecture



Hi: There is a significant presence of green high-rise office buildings in
Nairobi

Ho: The building services in high-rise office buildings in Nairobi do not affect
variations in energy consumptions

Hi: Building services significantly affect energy variations in high-rise office
buildings in Nairobi.

Ho: There is no difference in energy consumption by building Architecture

Hi: There is significant difference in energy consumption by building

Architecture

1.6 Study Justification

The journey of greening buildings has taken root in Kenya with an ultimate aim of
saving on resources and energy consumption. While doing this, various designs and
material combination are used to provide the most efficient building designs.
Studies in this area have mostly been conducted in developed countries where
green Architecture has advanced over the past decades. The energy consumption of
buildings, however, varies with designs and most importantly, geographic locations
and climatic conditions of which extreme characteristics of climate in these
countries makes it erroneous to generalize their findings in Kenya. Secondly, most
of green building technologies in use especially in Africa are still at the test level
and subject to more improvement to attain optimum efficiency. Improvement of the
building designs will require more information on the performance of these
buildings. This study, being among first in evaluating energy consumption in green
buildings in Kenya was timely in informing the effectiveness of already
implemented designs in reducing energy consumption and enhancing efficiency in

green building.

The procedures, methodology and results of this study will make significant
contribution to theory and practice of green technologies in general and green
architecture in particular. Results of this study will provide useful insight and
review of energy consumption of green buildings to owners, government and

stakeholders in the green technologies. The results of the study will be useful in



informing policy decisions, adjustment of building designs and materials alongside

scoring the contribution of green buildings in energy conservation.

The study approach will make theoretical and methodological contribution to
researchers, consultants and practitioners in the areas of green technologies.
Further, this study will give valuable inputs into the scholarly debate on
effectiveness of green buildings alongside offering a useful source of literature on

green architecture.

1.7 Scope and Limitation of the Study

The study focused on only high-rise buildings of office type; therefore the
investigation was carried out in Nairobi's business districts with the highest
concentration of high-rise buildings of office type and these are found in
Westlands, Upperhill and the Central Business District (CBD). The research was
restricted to measuring operational energy assuming embodied (energy used in
extracting, transportation and construction of building) to be constant across the
green and non-green buildings. It was also assumed that the occupants in all
buildings studied had similar behavioural patterns with regard to energy use.
Information on energy consumption and materials used was gathered from building

owners, property managers, designers and occupants.

The limitations of the study were access to these buildings which was dealt with
through presenting introduction letters describing the study and aim of the research.

1.8 Operational Definitions of Terms

Green Architecture: The design, construction, operation, maintenance, and
demolition of buildings in ways that minimize energy use

Green building: Building design and construction practices that encourage people
to be more responsible with energy, natural resources and the

environment.



Energy Consumption: The total energy used in a building during operation and
its measurable.

Energy Efficiency: The use of energy in such a way that there is minimal wastage
without compromising the performance of a building.

Green House Gas: A gas that can absorb and emit long-wave radiation in the
atmosphere.

High-rise office building - A building with five or more floors above the ground
level with most spaces used as offices.

Climate Change: The gradual change in average temperature and precipitation of
region over a long period of time mainly because of human induced
effects.

Curtain Walling: A metal-framed wall made of glass, metal panels, or stone that
is attached to a building and does not carry any building loads.

Renewable Energy: Energy that comes from resources whose regeneration rate is

faster than extraction rate.
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CHAPTER TWO

20LITERATURE REVIEW AND CONCEPTUAL
FEAMEWOERK

2.1 Introduction to the Literature Eeview

The objectives of this review were to defme green buildmgs and thew historical
background, identify and analyze the varous green buildmg ratmg svstems, extract
the major characteristics of green buldmgs, identify gaps m existmg literabuwre and
generate a conceptual framework that was adopted m the study.

This literature review 15 structured to draw the relabonship between green builldmgs
and thew energy consumption. It begms by mtroducmg green buildmgs, thew
characteristics and thew historical background. The next sechon reviews empirical
literature on green buildmg identifymg the gaps that need to be filled, theoretical
and conceptual framewotks showmg the relationships between green builldngs and

SMergy consumption.
2.2 The Review

221 Green Architecture

Green architecture 13 2 mult-faceted concept that attracts numerous defmibions
from different authorities. Accordmg to EPA (2013), green buildmg or architecture
is the practice of creatmg and usmg healthier and more efhicient-resource models of
construction, rencvation, opetation, mamtenance and deconstruction. Vale and
Wale (1992) defmes 2 green builldng as that approach to the built environment that
mvelves a holistic approach to the design of buldmg; that all the resources that go
mto 2 buldmg, be they matenials, fuels or the contribution of the users need to be
constdered if sustmmable architecture 13 to be produced. The Office of the Federal
Environmental Executive (OFEE, 2012) describes green architecture as sustzmable
buildmg - the practice of designmg, constructing, operatng, mamtzmimg, and

removing buildmgs m ways that conserve natural resources and reduce pollution.



The definitions above mdicatelack of a wuversally accepted defirution to green
Architecture, the conmon denorminator on all of them is that, they are structures
mtendedto improve the practices in the construction mdustry so that builldings can
last, costsreduce, easy to operate, save on natiwralresowurces and enable enhanced

productive and better working envirormments for the users thus for the purpose of
this research adopted the defirution by Vale ef al. (1992,

2.3 Characternistics of Green Buildings

Eoththe LEED and Green Pomt rating systems (2010) 1dentifsyy efficient use of
energy, water, natural resources, good mdoor environmental standards and

cormmunity design as the main key features of green buldings.

EPA (2004) notes that energy efficiency is the foundation of green building. It
mmportant simce mmproved efficient use of energy cuts costs of utility bills and

mmprove the mdoor envirorument for the bulding users.

231 EnergyEfficiency
World Business Cownal for Sustamable Development (WBCSD, 2007) notes that

there are three mam approaches to energy efficiency:
1. Reductonofthebuwldings’ energyneedby for example using energy
efficient machines and equipment.
n. Localproduction of energy from renewable and other green energy
Iesources
m. Shanng energy — Building to generate their own energy and even
supply the surplus to the national gnd.
Meter and Olofsson (2002) note that an energy-efficient office buwldings must
contam elements from three categones:
1.  Thebuwldngmust contam energy-efficient technologes that, when
operating as designed, will effectively reduce energy use.
n. The buldingmust supply the ameauties and features appropnate for
that kind of buildng. Thus, an office must provide around &0

hours/week of sutably conditioned awr, ighting, and equipment.



m.  Thebwldingmust be operated m such amarmer as to be efficient. The
evidence ofthis operationislow energy use relative to other, sumilar,
buldimgs.

The two approaches to energy efficiency above fal to address themmpact o fhuman
(users)behaviow m buldings’ energy use which could have sigmficant effects on
the overall energy consurmedin the buldings. This research exaraned this gap and
gave recontmnendations that canhelp efficient energy use behaviours for the users
of the buildmgs.

232 Water Efficiency

Waterusage isresponsible for about a quarter of energy use. Humanity's prospenty
depends on having adequate supphes of fresh, clean water. Builldings can be
designed and bunlt to use water wisely bothmside and out while reducing expenses.
High efficiency appliances do not haveto be more expensive, andlandscape water
management systems are cost-effective. Water harvesting systems offenng
mtegrated altemative for green buildings typically combines; ramwater catchment.
storage filtenng and recycling to a dequately supply the waterneeds to the bulding
(Fowler and Bauc] 2006). Additionally, green building designs integrate dual flush
tolets, which allow users to choose small flush (0.2 gallon per flush) or a larger
fluzsh (1.6 gallon per flush) based on need. The garden landscape relies on
mdigenous speaes of plant that are more tolerant to low precipitation and high

temperatures, thus saving on water for imgation.

The other factor considered under water efficiency mm green bwldings is
management ofwaste and stormwater. Green builldings ncorporate provisions for
on-site water treatment system, for; grev water and black water, which can be used

for garden imgation, landscaping or toilet flushing (Yoders, Z008).

233 Material Resources Conservation

Careful plamming and management o fthe construction process can prevent waste.
Advanced framing techniques have become well-established homebulding
practices, along with making maxmmum use of engineered lumber. Using more

durable products makes buldings and their components last longer. Specifying

10



recycled matenals and products make use of waste that would othersize endup m
landfills.

222 Indoor Environmental Quality

Indoor aw i1s often more polluted than outdoor amw; children are particularly
vulnerable to the effects of awr pollution. Many buldng matenals give off
chermcals that produce ar pollution, particulary dunng construction and for a
penod afterwards. Green bullding procedures use safer bunlding matenals that do
not cause problems fromthese cherrucals cause, andthe costs and parfomance are
comparable to conventional products. Biological contarminants such as mould that
can grow if conditions are nght, and dust from outdoor ar mfiltrating mto the
house, are also contnbutors to poorndoor air quality. Green bunlding prevents or

runirzes these conditions.

223 Community Design

Developments that are designed to mfill already developed areas mstead of
converting fanmland or forests canrevitalize older areas andreduce transportation
needs. New developments that cluster homes together canmalke more efficient use
of the land to preserve natural areas for wildlife habitat as well as recreation.
Homes should be onented on lots to take advantage of the sun. Mixed-use

developments encourage econonuc vitality and diversify the tax base.

2.3 Green Building Rating Systems

Worldwade, a vanety of assessment programs have been developed around
environmental and energy mpacts of buwldings. The first environmental
certification system was created m 1990 m the UK The Building Fesearch
Environmental Assessment Method (EREEAM). In 1998 the I eadership in Energy
and Envirormmental Design (LEED) Green Bulding Eating Systemwas mtroduced
bazed qute substantially on the BEEEAM system. In tum, mn 2003, the Green
Building Imtiative { GBI} laumched Green Globes by adapting the Canadian version
of BEEEAM and distnbuting it m the U.5. market. The most common green
bulding systems m the world mclade:

11



231

.
.

.

Vi

Buildmg Fesearch Estzblishment Environmental Assessment Method
(BREEAM)

Leadetship m Enetrgy & Environmental Design (LEED)
Green Star
Haute Qualit2 Environnementale (HQE)

Comprehensive Assessment System for Buldng Environments]
Efficiency (CASBEE)

Green Globes

Building F.esearch Establishment Environmental
Assessment Method (EREEAM)

BREEAM was developed m the United Kmpdom m 1990 and 1z the buildmg

environmentzl assessment methed with the longest track record. BREEAM covers

2 range of buldmg types mcudmg: offices, homes, mdustrial units, retzil units, and
schools. Other buillding types can be assessed usmg Bespoke BEEEAM (“bespoke™

- custom-made). When a buildmp iz assessed, pomts zre awarded for each criterion

and the pomts are added for a totzl score. The overzll bmldng performance is

awarded a “Pass”, “Geood”, “Very Good” or “Excellent” ratng based on the score.

BEEEAM mazjor categories of criteria for Design and Procursment mclude the

followmg:

i.

1.

.

.

Vi

ViL.

Management (commissionmg, monitoring, waste recyclimg, poellution
minimization, materizls minimization)

Hezlth & Wellbemg (zdequate ventlaton, humidification, lighting,
thermal comfort)

Energy (sub-metermg, efficiency and CO: mpact of systems)

Transport (emissions, altemate transport facilibes)

Water (consumption reduction, metermg, lezk detection)

Materials (asbestos mitigation, recvclmg  facilibies, reuse of struchores,
facade or materials, use of crushed aggregate and sustamable timber)

Land Use (previously used land, use of remediated contammated land)

12



viul.  Ecology (land wath low ecological walue or murumal change m value,
mamtaining major ecological systems on the land, munmuzation of
biodiversity impacts)

. Pollution (leak detection systems, on-site treatment, local or renewable
energy sources, hght pollubiondesign, aveild use of ozone depleting and
global wanming substances

This rating systemis designed mamly to measire n the UK thereforemight not be

accurate m measunng builldings m Kenya

232 Leadershipin Energy and Envirommental Design

LEED was developedandpilotedinthe U.5.mm 1998 as a consensus-basedbwldmg
rating systembased onthe use of existing bulding teclmology. The development of
LEED hasbeen through the U5, Green Bulding Counal member conmmttees. The
rating systemaddresses specific environmental buillding related mmpacts using a
whole buillding envirormmental perfonmance approach. Inadditon to LEED-NC (for
new construction andmajor renovations), there areversions for existing builldmgs,
cormercial intenors, core and shell, homes, and neighbouwhood development.
There are also application ;udes that can beusedto mereasethe apphcability and
flexibility o f LEED (e.g., multiple buildings and campuses, schools, health care,
laboratones, lodging, and retail (pilot)). The LEED Eeference Guide presents
detailed mformation on how to achieve the credits wathin the following major
categones:

1.  Sustamable Sites (construction related pollution prevention, site
development mmpacts, transportation altematives, stomm water
management, heat island effect, and hght pollution)

n. Water Efficiency (landscaping water use reduction, mdoor water use
reduction, and wastewater strategies)

m. Energy and Atmosphere (conuwmssioning, whole building energy
performance optirmzation refngerant managemernt. renewable energy
use, and measurement and venfication)

v. Matenals and Besowrces (recyclng collection locations, bulding
reuse, constructonwaste managemeant, andthe puarchase of regionally

marnufactured matenals, matenals wath recycled content, rapidly
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renewable matenals, salvaged matenals, and sustainably forested wood
products)

v. Indoor Environmental Cuabty (environmental tobacco smolke control,
outdoor aw delivery momtornng, mcreased ventilation, construction
mdoor air quality, use low emutting matenals, source control, and
controllability of thermal and hghting systems)

vi. Innovation and Design Process (LEED accredited professional, and

mnovative strategies for sustamable design)

LEED, however, has not been created with some level of adaptability to other
regions in the woild and it 15 not nan that way. Instead it 1s fixed to the Amencan
Society of Heating, Refngerating, and Awn-Conditioning Engineers (ASHEAE)
standards andthe US way ofthinking (for example, credits are awarded for having

enough car parking spaces, rather than muinmimizing them).

233 Green Star

The Green Starrating system waslaunchedin 2003 by the Green Buillding Counecil
of Australia (GBECA). It canbe used to remster and potentially certify a broad range
of bulding types, mcluding new building design and construction, ntenor fit outs,
and existing binlding retrofits. Itis a green buwlding rating system that assesses key
attnbutes by predicting building performance. As of Augnst 2013, Green Star has
beenusedtorate 613 projects with over 7.2 milhon m2 (78 nullion ft2 ) of certified
space and an additional § million m2 (86 million ft2 ) of remstered space.23
Currently there are three active rating systems for cormumercial buldings mn the
Green Star fanuly of green building rating tools:
a) Green Star Office Design and As-Built Offices V3
b} Green Star Office Intenors
Green Star Performance measures green bulding performance using entena related
to:
1.  Management (9%)
1. Indoor Environmental Cuahty (13%)
ni.  Energy (23%)

v. Transport (9%)



. Transport (9%)
v. Water (14%)
vi. DMatenals (13%)
vil. Land Use and Ecology (7%)
vm. Emussions (8%)
. Innovation
This rating system has been adopted m measunng bulldings im Austraha and South
Afnca. The system 1z flexible can be adopted in measuring buildings m other
regions (GBCA 2010) and therefore it was adopted in rating the high-nse office
buildings m this study.

2.3.4 Haute Qualité Environnementale

The HQE (Haute Cualite Environneamnentale)is a voluntary approach amung to it
the short andlong-termm environmental impact of a new buld or refurbishment, while
guaranteemng healthy and comfortable iving conditions for the occupants. It 1s the
most frequently applhed certification scheme in France.

The HOQE association was founded m 1995 and recognized as a non-profit
orgamsationin 2004. The HQE certification systemwas developed by the subsidianes
of QUALITEL (for residential) and CSTB (for non-residential) and has been
operating since 2005. The HQE parameters cover a broad range of site, construction
process, operational, user comfort anduser health sub-issues, but does not extend to
soclo-econonmc 1ssues. Considerable emphasisis placed onthe quahty ofthe, process
and mclusion of relevant local 1ssues. The HQE system expresses the buillding’s
Environmental Profile. The Bulding 1s rated according to 14 targets, each one
achieving one of the followmg levels: 1) BASIC, 2) PERFORMING, 3) HIGH
PERFOERMING. The 14 specific targets ofthe HQE certification have been definedto
cover all the Iinks between the bulding and its environment, and are divided mto four
categones as follows

a) Eco-construction

1. Hammonious relationship of the bulding with its immediate
environment

0. Integrated choice of construction processes and products
ni.  Low-nuisance construction sites

b} Eco-management
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1. Energy management
1.  Water management
11.  Process waste management
1v. Management of mamtenance
c) Comfort
1. Hwdrothermal comfort
1. Acoustic comfort
1. Visual comfort
1iv.  Olfactory comfort
d) Health
1. Cleanliness of the internal environment
1. Air quality
1. Water quality

The recently developed International passport (for non-residential buildings) also
rates the building’s performance in four fields: energy, environment, health, and
comfort. Stars are awarded in each category (between 1 and 4 stars) and then added
up to obtain a final score:

Table 2.1: Table showing Haute Qualité Environnementale scoring system

RATING NUMBER OF STARS
HQE - good 1-4
HQE - very good 3-8
HQE - excellent 0-11
HQE - outstanding 12+

Source: HQE 2003
16



2.3.5 Comprehensive Assessment Svstem for Building

Environmental Efficiency (CASBEE)

CASBEE 13 2 ratmp tool used for evaluatng environmental bulldmg performance
m Japan, developed under the gmdance of the Mmistry of Land, Infrastructure znd
Transport. CASBEE 1z used to assess buldmgs based on mterior comfort, scenery
considerztion and environmentzl awareness (utilize energy saving materials and
squipment, or those that cause smaller environmentsl loads). Comprehensive
zszessments are ranked m five grades:

Poor (C) - Farly Poor (B-) - Good (B+) - Very Good (A) - Excellent (5)
CASBEE comprises the followmg assessment tools:

1. The Pre-design Assessment Tool (Teol-0), which supports owners and
planners m wdentifymg the basic context of the project. This may suggest
proper site selection and the primzl mpact of the project.

fi. The DEE (Design for Environment) Tool (Teol-1), which 13 2 smple s=lf-
evaluztion check system for designers and engmesrs to mmprove the BEE
of relevant bulldmps durmg the design process

1. The Eco-lzbellmg Tool (Teel-2), with which buldmps are rated m terms
of BEE after completion. This could be used to determme the basic
property vzlue of the labelled bumldmg m the market

. The Sustznzble Operation and Renovation Tool (Tool-3), which provides
bullding owners and manzgers with mformation concemmg how to
mprove the BEE of thewr own buildmg property durmg the post-design
process

236 Green Globes

(Green Globes 13 an onlme toel that offers
2 comprehensive and mteractive experience. Onee the uzer completes zn
onlme questionnaire, the system generates apomt score and offers project design
suggestions  amed ztreducmg  thebwmldmg's  overall  environmental mmpact.
Suggestions aresupported by lmks  to other resowrces  that  provide best
design practices, standards  =nd mformaton on  buddmg systems  and materials.
They  aredesignedte  helpusers  achieve ahigher Green  Globes  score and,
ultimzately, zbetter performmg buildmng. Projects are awardedup to 1,000 pomts
based on thew performance m seven arezs of assessment:
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1. Project Management - 50 Pomts. Ponts are awarded for: mteprated design,
environmental purchasmg, commissioning, documentztion and smergency
response plannmg.

f. Site — 115 Pomts. Pomts are awarded for: site development, reducing
ecological mpacts, the enhancement of watershed features and site ecology
mprovement

. Energy — 360 Pomts. Pomts are awarded for: energy consumption, energy
demand mmimization, “right sized” energy efficient systems,
renewzble sources of energy and energy efficient transportation

. Water — 100 Pomts. Pomts are awarded for: water consumption, water
conserving features and the reduction of offsite water treatment

v. Resources — 100 Pomts. Pomts are awarded for: materials with
low environmentzl mpact, mmimized consumption and depletion of
material resources, reuse of existing structures, buildmg durabality,
adaptability, and disassembly and the reduction, reuse and recyclmg of
waste

vi. Emissions, Effluents and Other Impacts — 73 Pomts. Pomts
are awarded for: zir emissions, ozone depletion and global warmmg,
contzmmation of sewers or waterways, land and water pollution, mt=grated
pest management, storage of hazardous materials

vil. Indeor Environment — 200 Pomts. Pomts are awarded for: effective ventilation
system, source control of mdoor pellutants, lightmg design and mtegration
of lightmg svstems, thermal comfort and acoustic comfort

Green Globes Scoring

Projects that achieve ascore of 33% or more become eligible for a Green Globes
ratmg of one, two, three or four globes, a3 follows:

1. One Globe: 33-34%
.  Two Globes: 35-69%
tii.  Three Globes: 70-84%
.  Four Globes: 83-100%
Thers 13 no established green ratmg system for Kenya and other African Countries

except South Afnca; however, m the year 2010 UN-Hzbitat orgamized a
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Conference on Promoting Green Building Fatingin Afnica as part of its Cities and
Chmate Change Initiative which took place m Narobi.

The Green Buillding Council of South Afnnca (GBCSA) 15 currently icensed by the
Green Bulding Council of Austraha (GBCA, 2010)to allow cerification using the
Green Star SA v1 rating tools only n South Afnca (Office, Fetail Centre, Multi-
unit Fesidential, Public and Education Building), Ghana (Office), Namibia (Office)
and Mawmtius (Office). Through thizlocal context assessment the GBCSA amms to
apply forapproval from the GECAto allow for certification in Kenya using the all
the Green Star 5A v1 Design/As Bult rating tools — this mcludes the following
Green Star SA ratingtools: Office, Betail Centre, Mults Urut Fesidential and Public
& Education Bulding. For this study we will therefore adopt the South Afnican
Green 5tarrating components in rating green builldings in Kenya

2 4 Energy use in office buildings

The global consumption of electricity has been increasing faster than the overall
energy consumpton becanse ofthe versatile nature o fthe production of electncity,
aswell asits consumption (ELA 2006). Worldwide electnicity consumptionm 2006
was 16378 TWh, which was 11.2% ofthe total pnmary energy consumption (EIA
2006). Becawuse oflossesnthe generation process, the amount of mput energy for
electnicity generationis mch higher than the amount of electncity at its pomt of
use. Worldwade electncity generation uses 40% of the word’s piimary energy
supply (Hore-Lacy 2003). According to the Intemational Energy Cutlook 2000
(EIA 2009}, the world's total net electncity generation m 2030 1s expected to be
mecreased by 77% from the 2006 level. The growth of the primary energy
consumption for the same penod will be 44%, expandmng from 472 quadnlhon
ETUin 2006 to 678 quadnllion BTU in 2030.

The largest users of energy in an office building are:
i.  Lighting
1. Heating and cooling

1. WVentilation, and
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. Awr-conditionming (HVAC) systems.

Properly designed builldings adopt the most energy efficient strategies of ensunng
an overall reduction of energy use by all bwlding services; for mstance, HVAC
systems canreduce the amourt of energy used for heating and cooling a building.
A HVAC system mcludes a heater, air conditioner, and fan in one system and
operates ata partialload nearly all the time. The design of the HVAC system as a
whole-system mechamsm saves energy by montonng awrflow and keeping the
mdoor temperature fanly constant. A HVAC system must have a comectly
designed distnbution system to minimize the amount of anrflow (and thus energy)
necessary to heat and cool the bulding. In addition, allowing building occupants to
mdividually control heating and cooling m their iving or working spaces 1s an

effective way to reduce energy use.

Electnic hghting consumes about one-quarter to one-third ofthe energy m a typical
commercial bulding. Lighting also generates heat, so reducing the amount of
energy consumed forlighting through effective and efficient highting also reduces
the size of a buillding’s awr-conditiorung plant. Bulding Information Modeling
(BEIM) enables bulding design and construction teams to draw and test the
building’s operating systems, such as electncity or hot water, in one computer
model. Modelling buildings wath BEIM can aid m guantitative energy analysis,
connecting complex systemmns and allowing more precise analysis for better energy

TEe.

Insulations are also altemative approaches and designs for controlling energy use
and enussion in green buildings. Effective msulation is considered an important
parameter in enhancing energy consumption in green buldings. Fay ef af (2000)
exanuned the effects of msulation m altemative building designs on energy
consumption mresidential buildings m Austrahia. They used hife-cycle assessment
approachm evalnating the marginal change m msulation andpaybackpenod ofthe
savings embodied in the energy efficient designs. The study established that the
mitial embodied energy in life cyecle temms for residential buldings is around

12vears. This, accordingto Fay ef al (2000, represented less than 6% of the total
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embodied energy and operational energy of the buillding over 100-year life cycle.
From the study, other strategies mavy be considered worth pursuing before

emphasizing on additional msulation.

2.2.2 Energy use forlighting

Lighting was the first service offered by electnc utilities and it continues to be a
major source of electneity consumption (IEA 2006). Globally, almost one fifth of
the total amount of electncity generated i1s consumed by the hghting sector. The
total electricity consumption oflighting iz more than the global electneity produced
by hydro or nuclear power plants, and almost the same as the electncity produced
with natural gas. Almost half of the global hghting electncity (42%) 15 consumed
by the service sector. The rest is distibuted between the residential sector (28%),
mdustnal sector (16%), and street and other hghting (8%). The share of electnicity
consumption of ighting of total electncity consumption vanes from 3% to 13% m
the mdustrialized countnes, whereas the share 1z up to 26% in developing countnes

(Mills 2002).

The environmental impacts of ighting are caused by the energy consumption
of hghting, the matenal used to produce hghting equipment, and the disposal of
uzed equipment. Emissions dunng the production of electricity and also as a result
of the buming of fuel in vehicle hghting and m fuel-based lighting are responsible
for most of the hghting-related greenhouse gas enmussions. Hazardous matenals
(e.g. lead mercury etc.) used m the lamps and ballasts, 1f not disposed
properly, cancausehammfilimpacts on the environment. Lighting also affects the

environment due to wastefully escaped light mto the night sky (light pollution).

The envionmental mmpacts of electnc hghting depend on the electncity
generation method. Themmal power generation system has the highest mmpact
on the environment due to combustion fuel gas emuissions, sohd waste
production, water consumption, and themmal pollution. Electnicity generated from
renewable energy sourceshasthe lowest effect on the environment. Lighting 1= one
of the biggest causes of energy-related greenhouse gas emmssions. The total

lighting-related COz emissions were estimated to be 1900 mullion tons (Mt) m
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2003, which was about 7% of the total global COn emussions from the

consumption and flanng of fosal fuels (EIA 2007, IEA 2006).

Energy efficient hghting reduces the lhighting energy consumption and is thus
a means to reduce COz ermissions. Fuel based lighting used m developing
countnes 15 not only mefficient and expensive, but also results n the release of
244 mulhon tons of CO; to the atmosphere every year, which 15 38% of the COn
emussions from residential electnc lhghting globally (MMills 2002). Feplacing
fuel based hghting with energy efficient electnc hghting (e.g. on LEDs) will
provide means to reduce greenhouse gas emissions associated wath hghting energy

consumption.

2.3 Green Buildings and Energy Consumption

Energy perfommance of green buldings has sigmficant beanng on the buwlt
environment and sustamable development. The concept of green buldings 1s
founded on designs that promote efficient energy use alongside mtegrated designs
that cut energy demand and consumption by applying on-site renewable energy
sources (Hossemu ef al., 2013). Green builldings apply different combmations of
technologies, matenals and designs to achieve energy efficiency. Green buldmgs
hawvelargely been viewed asthe solution to sustamable urban building architecture.
Their design, construction, operation and demobtion are meant to conserve
resources such as energy. However, questions asto its economic and environrmental
costs mcluding energy saving have been lingenng on m empincal Literature
especially when compared to the conventional architectural designs. In Israel
Gabay ef al (2013) camed out a study on the cost benefit analysis of green office
buildings focusing on office buwldings of different sizes and fimshed standards
based on the voluntary Green Bunldng Standards; Israel Standards IS 3281, The
study captured benefits for the entreprenewur and the public for 20 years alongside
costs of compliance to standards and foumd out that, even though the operations of
green buildings have significantly reduced energy consumptions, the discounted

costs exceeded benefits over the considered penod.
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Heating, ventilation, and an-condtioring (HVAC) svstans for office buldings are
responsible for momtonng hurmdity and temperature as well as enable flowing of
fresh air throughowut a bullding. These systems have a veryvhigh energy demand and

consume a significant amount of power n a buillding.

These features of green architecture that mclude day-lighting, mdoor hghting
technologies and controls are combined to ensure that the buildings remain energy
andresowrce efficient. Agamst this, Kneifel (2009) camed out a study aimed at
evaluating cost analysis of energy efficiency measures in green buldings in the
Uruted States. The study was conducted across 16 ciies m 376 buldings wath
simulated energy consumption and bulding costs beng the key vanables n
detenmirmg hfe-cycle cost effectveness of themmproved energy efficient binlding
designs. The study estabhizshedthat an energy efficient technology that compnses
good msulaton reduced emussaty ofwindows, window shades and day-hghting
strategies can be used to decrease energy consurmption by approximately 23% on
average andup to over 33% for some builldings. Even though mmproved designs
tvpically mcrease thecost of buillding compared to conventional designs energy
saving over the service hfe of the bunlding often offset the mutial lhigher costs
(Kneifel, 2009; Chang ef al, 2011).

The results of the studv by Eneifel (2009) agree with those of previous New
Buldings Institute (NEL 200%) that mdicated on average, green buldings m the
U.5 use 25-30% energy lower thanthenational energy consumption for buildings
and 12-39% ofenergy consumption lower than conventional designs. However,
Scofield (2009) faultedthemethodolo gy used in assessing buillding by NEI citing
vohmtary subrmussions by bulding owner alongside biased data gathenng and
sampling techniques. Consequently, Scofield expanded the methodology by
considenng energy used on-site and off-site losses associated wath the generation
and distribution of electric energy. The study was conducted in green and non-
green builldings and establishedthatthere 1s no sigmficantpnmary energy savings
In green comparable to non-green bulldings.
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From the above studies, energy conaumptonand conservation in green bulding 1s
still contested However, the scenano mn tropical zones 15 different based on the

vanation i climate and the beanng it has on the energy consumption.

In achieving the design for green buildng some technologies are vital and are

dizcuszzed m the next section.

181 Day-lighting
Davy-lighting entails usngnatwral passive solar energy to bnng day hight mto the
home through lughly efficient windows and advances in ighting design that allow
efficient use ofwindows to reduce the need for artificial hghting dunng davhght
hours without causing heating or cooling problems. The sizes and locations of
windows should be based on the cardnal directions rather than their effect on the
street-side appearance ofthe house, for example, south-facing windows are most
advantageous for day-lighting and for moderating seasonal temperatures because
they allow most winter sunhght mto the home but httle direct sun dunng the
simmer, especially when properly shaded (Monroe ef al. 2003). North-facing
windows are also advantageous for day-lighting becausetheyadmit even, natural
light, with httle or no glare. East- and west-facing fenestrations give controlled
dayhght m the moming and evenng, respectively, they should be mited because
they may cause glare, adnmt a lot o fheat dunng the sunmmer when 1t 15 usually not

wanted, and contnbute httle to solar heating dunng the winter (LEED 2002).

1.82 Indoor lighting strategies

Theze have traditionally delivered about 20 percent of bulding lhighting.
Incandescents operate wathoutballast, are durimable and mstantly confrollable, and
light up mstantly (Hopkinson 1966). Most fanmhar are the standard pear-shaped,
screw-in “A"-type imcandescent hight bulbs. They produce a wamm light and
provide excellent colow rendition. They have a low efficacy compared to all other
lighting options (10 to 1 7humens per watt) and a short average operating hife (730

to 2500 hours).
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Incandescent lamps canbe made in other shapes and vanations. Tungsten halogen
lamps provide excellent colour rendition. Feflector (E) and parabolic alwmimzed
reflector (PAR) lamps direct light in a desired direction. All three are shghtly more
efficient than standard bulbs_ have longer operatinglives (2000 to 4000 howurs), and

are often used for accent lighting.

Fluorescent lamps - use 15 to 35 percent ofthe energy used by mcandescent lamps
to provide the same amount of ilhnmnation (efficacy of 30to 110 humens per watt)
and last about 10 tumes longer (7,000 to 24000 hows). Improvements mn
technology have resulted m fluorescent lamps with colour temperature and colour

rendition that are comparable to ncandescent lamps (O'Connor ef al. 21997).

Fluorescent lamps require a ballast to regulate operating ciurent and provide a lugh
start-up vwvoltage. Electronic ballasts outperform standard and mmproved
electromagnetic ballasts by operating at a very high frequency that eliminates
flicker and noise. They are also more energy-efficient. Special ballasts are needed

to allow dvrring of fluorescent lamps.

224 Indoorlighting controls

The traditional on-off toggle switch has long been the ighting control of choice n
buildings. For rooms with two entrances, two-way switches make it more
convement to tum off lights when leaving the room. Howewver, research shows that
evenwith convenient ight swatch locations, hights are oftenleft on when rooms are

unoccupled (Baker et al. 18993).

Dimmer controls - provide vanable ighting for fixtures. Off-the-shelf switches for
mcandescent fixtures are mexpensive and provide some energy savings when lights
are used at a reduced level Fluorescent dimmers are dedicated fixtures and bulbs

that provide even greater energy savings than a regular fluorescent bulb.

Photo sensors hawve Lhttle utiity m controlling hghts mside the home because

lighting needs vary with occupant activity rather than ambient ighting levels.
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Occupancy sensor: Home automation can be achieved on a small scale through
smart switches. Occupancy sensors provide individual switching and timing for
room lights and other fixtures. Thev detect activity within a certain area and
provide convemience by furming lights on automatically when someone enters a
room. They reduce lighting energy use by twrning lights off soon after the last

occupant has left the room.

Occupancy sensors must be located where they will detect occupants or occupant
activity 1n all parts of the room. There are two types of occupancy sensors:
ultrasonic and infrared. Ultrasonic sensors detect sound, while infrared sensors
detect heat and motion. In addition to controlling ambient lighting in a room, they
are useful for task lighting applications, such as over work stations. In such
applications, task lights are turned on bv the motion of a person and automatically
turn off a few munutes after the person stops (Hastings ef al. 1994).

Timers: These are sometimes used to give unoccupied houses a lived-in look
However, they are an ineffective control for occupied buildings because they do not

respond to changes in-occupant behaviour.

225 Green Roofs

Green architecture entails combining materials and designs that optimize energy
alongside ensuring environmental sustainability. Such components such as green
roof have attracted researchers’ interest on their effectivensess in saving energy.
According to Saiz ef af (2006) and Wong ef al (2003), green roof as a component
of green architecture reduces annual house hold energy consumption by 1% owing
to reduction 1n electricity used for cooling. Further, research has shown that green
roofs have impacts 1n reducing Urban Heat Island (UHI) by providing a medium
for evapo-transpiration and altering albedo. Experimentation studies carried out
independently by Stovin (2009} and Bliss ef @l (2009) established that green roofs
accounts to 6% reduction in summer cooling loads for multifamily building in
Madrid, Spain. However, Blackhurst ef @/ (2010) carried out a study on the cost
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effectiveness of green roofs in Pittsburgh using lifecycle assessments methods on
buildings in an urban setting. They found out that green roof approaches may not
the most effective energy conservation strategy; though insightful, these studies
have focused on components of green buildings (green) roofs without considering
the holistic effect of the entire green architecture on energy consumption especially
in high-rise office buildings.

1.9 Occupants Behaviour/Perception and Building Energy
Consumption

Energy performance of buildings is determined by an array of architectural
features, climatic conditions alongside occupants’ behaviour. Energy simulation
models based on energy inflows and outflows have been used to measure energy
consumption across different types of building. However, by using architectural
design without consideration of the role of occupants in the building’s energy
consumption, these models often makes erroneous conclusion on the determinants
of energy consumption in a building. In other words, these simulations are
inadequate in precisely replicating the actual energy performance of buildings
because they are based on basic assumptions that affect the results. Consequently,
the calculated energy consumptions from these simulations may significantly differ
from real energy performance of the buildings. Knowledge and better description
of occupants’ behaviour is crucial in better understanding energy performance of

building with valid prediction (Fabi et al, 2011).

Effective operation, control and measurement of energy performance takes into
consideration user control over lighting, blind, windows or heating and cooling set
points. Review of studies on the role of user in building energy consumption
indicates that user’ behaviors, especially a ‘don’t care’ attitude could increase
energy consumption far and above the conventionally predicted levels. Masoso
(2010) analyzed energy consumption in commercial buildings in different South
Africa cities. The research factored user behaviors and found out that wastage of
energy emanating from occupants’ carefree attitudes affected to a great level, the

amount of energy consumed in a building. Indeed, Haymaker et al, 2004 shows
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that, users’ actions can affect energy consumption of a building up to 150% of the
simulated amount. Lutzenhiser (2003) observed that energy use of different

occupants in identical units can have a variation of between 200% and 300%.

1.10 Gaps in Literature

Most of the studies on energy performance of green building have been carried out
in developed countries where these designs have existed for a longer period.
However, green designs in these countries are different from those in Africa and
Kenya in particular due to sharp variations in climate. This implies that results for
these studies cannot be generalized to Kenyan context thus prompting the need for
this study which investigated the energy performance of green buildings perform

locally.

Secondly, studies conducted on energy consumption in green building have relied
on simulating energy estimates across the entire life of the building. This approach
lacks precision in approximating real energy performance of a building as most
simulations rely on ideal situation of climate and usage. This study bridged this gap
by computing energy performance from actual recorded energy consumption of the

green buildings and compare to actual non-green buildings.

1.11 Theoretical Framework

The idea of ‘greening’ our building designs is intertwined by the concepts of
reduction in energy consumption, gas emission, environmental impacts and
efficiency in building performance. These targets for green buildings are
represented in critical criteria defined and explained under Zero Emission
Buildings (ZEB) model. Under the model, the power consumption processes and
the relationship between the building and national power grids are expounded.
Consequently, the analysis of energy consumption in a building and their levels of
efficiency are undertaken by carefully reviewing the buildings’  energy

performance (Wang, 2012).
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Figure 1.1: Zero Energy Balance Model
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The rationale for sustainability of buildings according to ZEB model (figure 3.1),
is that, buildings should have acceptable energy performance and looking
introspectively into the identified interrelated parameters, indoor environmental
quality, cost efficiency and energy efficiency should enable the building to reach
acceptable level of energy performance (Omer, 2008). In meeting sustainable
energy performance under ZEB model, accurate balance between energy demand
and energy supplies are fundamental factors to success. The weighted balance can
be calculated in different ways but essentially the building should be able to export

more energy to the grid and a net balance obtained for it to qualify under ZEB
model.

The export/import balance takes into account the self consumption of generated
energy, and afterwards creates a balance between the need for exported and

imported energy this balance applies well in monitoring. The load/generation
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balance is a simpler approach where the interactions between the grids are
overlooked. This is equivalent to assume that, per each carrier, the load is
completely satisfied by delivered energy while generated energy is entirely fed into
the grid. This balance is applicable in early stage design for compliance with green

building standards.

1.12 Conceptual Framework

Figure 1.2: Conceptual framework
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According to Barley et al (2005), a net-zero energy building is a residential or
commercial building with greatly reduced energy needs. In such a building,
efficiency gains have been made such that the balance of energy needs can be
supplied with renewable energy technologies. In the figure above, the green
(renewable) energy sources cumulatively reduce the energy demand from other
non-renewable sources (from outside the building). If the total energy demand for
the building is equal to the total energy produced from the green sources, then the
building is said to be a net zero energy building or an energy independent building
(WBDG, 2013); when a building is at zero energy consumption, then non green

energy sources remain as backup power.

Green buildings also install energy efficient equipment and lighting fixtures and in
so doing they lower their energy demands significantly (EPA, 2004). This implies
that the building will require less energy for day to day needs and therefore
attaining the building’s energy independence level is possible using the energy
sources from within the building (green sources). In a way, these eco-friendly

appliances contribute to the lowering the building’s energy demand.

It is also important to note that greatest opportunities for energy efficiency exist at
the design stage of the building (UNHABITAT, 2012). A green building with large
windows can help in eliminating the need for artificial lighting during the day while
a properly cross-ventilated building will eliminate the need for artificial cooling; in

this way the structure helps in cutting down its overall energy demand.

1.13 Study Area

1.13.1 Location and Size

Nairobi is located at the south-castern end of Kenya’s agricultural heartland, at
approximately 1° 9°S, 1° 28’S and 36° 4’E, 37° 10’E. It occupies an area of about
696km? (CBS 2001) and the altitude varies between 1,600 and 1,850 metres above
sea level (Mitullah 2003). The research was carried out in the areas with the highest
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concentration of highrise office buildings; Westlands, Upperhill and the Central

Business District as indicated in figures 1.1 and 1.2.

Figure 1.3: Map of Nairobi showing the study area
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Figure 1.2: Map of Nairobi's Westlands, Upperhill and CBD (the study areas)
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271 Geology and Soils

The rocks in the Nairobi area mainly comprise a succession of lavas and
Pyroclastics of the Cainozoic age and overlying the foundation of folded
Precambrian schist’s and gneisses of the Mozambique belt (Saggerson, 1991). The
crystalline rocks are rarely exposed but occasionally fragments are found as
agglomerates derived from former Ngong volcano. The soils of the MNairobi area are
products of weathering of mainly volcanic rocks. Weatherning has produced red
soils that reach more than 50 feet (15m) in thickmess (Saggerson, 1991). A number
of subdivisions are recognized inthe Nairobi area according to drainage, climatic
regions and slopes, and other categories have been introduced for lithosols and

regosols.

Natrobi City comprises several spots of sensitive soils and variable/mclined ground
profiles. The surface 1s covered by any of the following soils: black cotton clays,
red or brown clays, red-silt soils, laterites, decomposed tuffs, alluvium or swamp
soils. Sikes (1934) indicates that existence of swamps made some parts of the city
unsuitable for structural development. Many borings as well as trial pits beneath
and around building sites show that the thickmess of the soft and sensitive deposits
varies from 0.8 to 21 meters (m) below the ground surface. Groundwater level
varies considerably with surface topographv and season and lies between 0.5 m to
18 m below the ground surface. The shallow groundwater 1= found to flow towards
nearby rivers creating underground rivers that flood foundation excavations and 1n
a few cases it 15 found to recharge from the nearby rivers. Most of the nivers

draining the citv join River Athi that discharges water to the Indian Ocean.

Building designers routmely use a variety of methods to minimize adverse effects
on structures supported on sensitive and variable soils. The approach used 1s to
minimize total settlement under footings to a range of 4 to 8 cm or by use of
foundation tvpes that are able to bndge over the soft spots such as strip footings or
rafts. Floating rafis have rarelv been utilized because of factors such as: the depth
that the foundation should be placed to get full flotation, need for shoring to

prevent heaving and cave-ins, the groundwater that might need lowering, and, the
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effect of deep excavation on adjacent foundations that canmot be adeguately
determmed (Saggerson, 1964).

Varizbility of engmeermg properties of the subsurface materials m Nawrobi calls for
thorough geotechnical mvestigations before design of structures but generally the
soils are stzble enough to carry high-rise buildmgs without the need to use
expensive foundation types lke drivmg piles saving on materials used on

constructon.

272 ERelief

The westermn part of Nairobi 15 on high ground (approxmately 1700-1300 msl) with
ruggad topography, the eastem side 15 generally low (approxmately 1600 msl) and
flat (Saggerson 1991). Key physical features mclude the Naweli, Ngong and
Miathare rivers and the mdigenous Kanwa forest m northem Narobi

The Ngong hills stand towards the west, Mount Kenya towards the north and
Mount Eilmanjare towards the south-east As Nawobi 15 adjacent to the Rift
Valley, mmor earthquakes and tremors occasionally ocour therefore the structural

design of high-rize builldng must always consider there oocurrence.

2.7.3 Climate

Natrobi has 2 temperate tropical climate with two ramy sezsons. Highest ramfall s
recerved between March and Apnil and the short ramy sezson 13 between November
and December. The mean annual ramfzll ranges between 350- 1050mm. The mean
dzily temperature ranges between 12 and 26°C (Lakin, undated). It iz usuzlly dry
and cold between July and August, but hot and dry m Januery and February (CBS
2003). The mezn monthly relztrve humidity varies between 36 and 35 per cent. The
mezn daly sunshme hours varies between 3.4 and 9.3 hows (CBS 2003). The
cloudiest part of the vear 13 just after the furst ramy season, when, until September,
conditions are usually overcast with drizzle (KhA 2014).
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Table 2.2: Precipitation, temperatures and sunlight hours expenenced m Namwobd

Month Precipitation Maximum Minimum Average
Sunhight
n cm F =C F *C Hours
January 1.3 3.8 17 25 54 12 o
February 25 6.4 19 26 55 13 0
March 49 12.5 1] 25 57 14 0
April 8.3 211 75 24 57 14 7
May 6.2 15.8 72 22 55 13 6
June 1.8 446 10 21 34 12 6
July 0.6 1.3 70 21 52 11 4
August 0.9 23 70 21 52 11 4
September 1.2 3l 13 24 52 11 6
October 2.0 5.3 13 24 33 13 7
November 43 10.9 [E] 23 55 13 7
December 34 8.6 73 23 55 13 3

Source: KNA (2013)

Table shows that Narobi experiences averagely 7 sunlight howrs which adequate to
provide daylight to office buildmg almest throughout the day and throughout the

Vear.

Namrolt temperatures are typically m the mid-20s Celsms therefore the buildmps
can use thiz benevolent climate to maxmum effect by adoption of natural heatmp
and cooling, zbundant natural light, and solar enetgy. Under these conditions, the
designs for green buildmgs zre more wdezl 25 meorporatng extra msulztions m the
design to cover for extreme temperztures i1 not necessary. The constructions can
use as many renewable and recycled materials as possible to mmmmize energy use
and hazardz to human health, and local materials can be selected when avalable m
order to avold excessive smissions caused by tramsportmg them to construction
sites.
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2.7.1 Drainage

Narobi’s mam dramage follows the regional slope of the velcamic rocks towards
the east, while subsidizry mtermal dramage mto the Rift region 1= confmed to the
westerm part. The lava plams east of the lme Fumu-Narobi-Ngong are underlam by
2 successton of lava flows altermatmp with lakebeds, strezms deposits, tuffs and
volcanic ash. These plams, comprismg mamly the Athi plams and the northem
section of the Kapiti plam, extend westwards, rismg from 4900 feet (1493 m) at the
Athi Biver to 6000 feet (1329 m) m the fanlted region near Ngong. The lava plams
are crizscrossed with steep-walled gullies and canyen-like gorges, such as those
zlong the Mbagathi valley. Further east this valley widens slightly where soft
material 1z bemg actrvely eroded (Saggerson, 1991).

Water drammg eastward from the hilly arezs accumulates on the low-lymg ground
between Parklands m the north and Nawwob South estate, formmg 2 perched water
table zbove the Nawrobi phonolite. The Kenchwa Valley Tuffs lymg to the east of
the highway function like 2 sponge and the contact between them and the
undetlymg mpermeable phonolite thus forms a perfect aquifer, so much so that a

numbet of channels contaming water occur beneath Narobi

These dramage pattern 13 critical m the design of buldmgs m Nawobt especially
butldmgs with basements otherwise m cases of fleodmg it leads to high buildmg
mantenanes costs needed pump out the water, replace any broken fmishes and

machmery.

2.7.2 VWVegetation Cover

Accordng to Mundiz C. N. of af (2007), land cover stahstics, extracted from
Landsat Mult-spectral Scanner (MM35), Thematc Mapper (TMM) and Enhanced
Thematic Mapper pluzs (ETM+) mmages for 1976, 1988 and 2000 respectvely,
revealed that the built-up area has expanded by zbout 47 km?. The road network has
mfluenced the spatal patterns and structure of urban development, so that the

expansion of the built-up areas has assumed an zcorstve 23 well as lmesr growth
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along the mzjor roads. The wrban expansion has been zccompanied by loss of
forests and urban sprawl. Integration of demographic and socio-economic data with
land use'cover change reveal that sconomic growth and proxmmity to transportahon
routes have besn the major factors promotmg whban expansion and destruction of

Narobi's vegetation cover.

273 Human Environment

The population of Namrobi grew from 3,000 m 1901 to 118,379 m 1945 (Rakeds
1997). By 1962, the city had a population of 343 500 people, although some of this
could be attributed to extension of the city’s boundaries. Between the 1948 and
1962 censuses, the populztion grew at an average rate of 3.9 per cent per annum,
compared with 7.6 per cent m the previous 12-year period. Taking the 1999 census
figures 23 a2 baseline, it 15 projected that the cify’s population by the next census m
2009 will be zbout 3.1 million, and 3.8 milion by 20135 (CBS 2001).

Narobi 1z currently home to nearly fowr million people and represents zbout 2
quarter of Kenya's urban population. A prowmg economy and swellmg population
numbers from both m-migration znd natural growth are contmually merezsme the
city's size. A significant number of commuters from satellite towns such as Thika,
Nazivasha Ngong, and Machakos come mte Nawrobt daily to work or bring goods
and supplies. Daly commuters from such satellite towns contnbute zn estmated
addiional half-million peeple to the oty’s populanon (KINES 2014). The chart
below shows how the Narobi population 15 likely to grow by 2025.
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Fig 1.3: Nairobi's historical and projectsd population (1250-2023)
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Thiz merease will put even more pressure on the avalable resources. Although 1t
covers only 0.1 per cent of Kenya's total surface area, Narobi already has about 3
pet cent of the country’s total population (CBS 2001) and 25 per cent of Kenya's
urban population (UN-Habitat 2001).

INarobt 13 2 major contributor to Kenya's economy: it gensrates over 43 per cent of
GDP, employs 23 per cent of Kenyans and 43 per cent of the country’s urban
workers (UN-Habatat 2006). The paradox 1s that the fmancial capacity of the City
Councll of Narobi 13 extremely lmmited, lzrgely becamse of poor resource
management and a2 wezk revenue collection system. As a result, there 13 2 200 per
cent shortfzll betwesn the revenue collected per capita (37 on average) and per
capita expenditure (521) (UN Habitzt 2006). Although foreign direct mvestment i3
small, it plays 2 key role m Kenya particularly 2z 2 means for technology and
knowledge tranzfer, such as m horiculture and floniculture.

The lower mcome group constitutes about 80 per cent of the population m Narobi.
For the middle and upper mecome group, the mflation rate roge from 8.0 m 2004 to
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10.1 per cent m 2003. It 15 estmated that about 500,000 people jom the labour
force amnually. Mest of these are unable to secure emplovment and thus remam
unemployed orf end up m tradibonzl agniculture znd m the mformal sector
(Odhizmbo and Manda 2003). The 1997-1993 labouwr force survey showed that 9
per cent of people m Nawobi were employved and 24 per cent were unemployed
(CBS 2003b).

2.74 Political Structure and Govemance
Nazirobi 1= governed by the County Government of Narobi (CGN) and 1z headed by
2 Govemor. The County Government 13 mandated with the provision of services
znd these are delivered m various sectors which zre m tandem with the Constrtution
of Kenya, 2010 (CGN, 2014).

The structures withm the Nawrobi City County mclude; the County Assembly, the
County Executive Committes, the County Public Service Board, Advisors of the
Governor and the Transitional Team from the Transitonal Autherity. The County
Aszembly consists of 85 elected members and 43 nommated members; addmg to 2

totzl of 129 membets.

The functions of the County Assembly meluds; mazkmg lzws for the effective
performance of the County Govermment, exercismg oversight over the county
executtve committee, recerving and approving plans znd pelicies for: managmg and
explottmg the county’s resources and developmg and managmg the mfrastructure

and mstitutions.

CGN plays a very key role m zpproving zll bulddmg development plan withm the
city of Namwobi and are zlso responsible for formulatmg buldmg development
policies which have to be complied with by the developers. This CGIN function
provides a2 wmdew through which green buldmg design concepts can be

meorporated mto the regulations m ensurmg enetgy conservation.
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CHAPTER THREE

2.0 METHODOLOGY
2.1 Research Design

2.1.1  Sampling Method

This research adopted purposive sampling method to get the target population of
210 high-rise office buildings in Nairobi. This data was obtained from the Nairobi
City County Building Development Control Department Registry (Appendix II).
Simple random sampling technique was then used in obtaining a sample of 42 high
rise office buildings out of a target population of 210 high rise office buildings in
Nairobi and this was done by writing the names of all the 210 buildings (139
building in the CBD zone, 34 buildings in Upperhill zone and 37 buildings in
Westlands zone) in separate sheets of papers. The papers were then individually
folded and put in three different huts ('(CBD hut', 'Westlands hut' and 'Upperhill
hut'), each of the huts was shaken and from the 'CBD hut' 28 buildings were picked,
from the 'Westlands hut' 7 buildings were picked and from the 'Upperhill hut' 7
buildings were picked.

The 42 high rise office buildings were then assessed to qualify them as green or
non green buildings using the Green Star rating system. This was informed by
existing local and international best practices on green Architecture with emphasis

on energy conservation in high-rise office buildings.

The study collected data on existing green and non-green buildings within the area
of study to determine the building characteristics which have an impact on energy
consumption and the amount of energy conservation per unit area per unit time. A
comparative analysis was then done to determine the differences in energy
consumption between the green and non-green buildings with the intention of

formulating a guideline of realizing energy efficient buildings in Nairobi.
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2.2 Data Types and Sources

Primary data was collected from the field by use of questionnaires and checklist for
assessing building design and materials. The questionnaires were designed to
collect information on user behaviour alongside key informants’ interviews to the
management and owners of the buildings to provide technical information. User
behaviour aimed at interrogating thermal and optical comfort of buildings and
subsequent behavioural response. Use of photographs and personal observations
was also be used in data collection. The checklists were designed to assess the
building in line with the variables such as materials, designs and services offered.
Data on energy consumption will be obtained from secondary sources recorded on

monthly billing and electricity meter reading.

The key areas in the office buildings that formed the main variables of the study
were:-

a) Characteristics of green office buildings

b) Material resource utilization

c) Building services and equipment that consume the buildings' energy

d) The energy conservation strategies in place

2.3 Data Collection Procedure

2.3.1 Reconnaissance survey

A preliminary investigation was done to establish the regions in Nairobi with the
highest density of high-rise office buildings. The total number and the names of
these buildings were obtained from the Nairobi City County Building Development
Control Department (Appendix II). The actual buildings were also visited to
ascertain whether the buildings were purely of office type as verification of the data
provided by Nairobi City County.

The zones in Nairobi with the highest concentration of high rise office buildings
were identified then structured questionnaires with open ended questions was used
to collect data in the selected study areas.
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2.3.2  Sampling Frame and Sample Size

The sampling frame for high-rise buildings comprised individual high-rise office
buildings of not less than six floors in Nairobi (appendix Il). Since there was more
than one area of high-rise buildings concentrations in Nairobi, this study
subdivided the Nairobi surface into zones of high concentration of high-rise
buildings. These zones included the Central Business District, the Upper hill area,
Westlands, Hurlingham area and Buruburu Centre. Only those areas with high

concentration of high-rise office buildings were considered in the study resulting in

three sampling areas of CBD, Westlands and Upper hill.

Within each of these sampling areas a list of buildings with not less than six floors

was made and the total number of high-rise office buildings was 210 out of which

42 buildings were chosen using the formula,

ZS . .
n= (Fj , assume a margin of error of 4 at 95% confidence level

where

n = sample size

s = standard deviation

d = margin of error

Using the formula above and the frequency table below, the sample size for
the high-rise buildings was arrived at as follows:

Determining the sample size (Refer to Appendix Il for the target population)

Table 2.1: Table showing the number of high-rise office buildings in the study area

Class interval | CBD Westlands Upperhill F
06 -10 75 28 13 116
11-15 31 6 12 49
16 - 20 18 3 4 25
21-25 9 0 2 11
26 - 30 3 0 1 4
30-35 3 0 2 5




Total

139

37

‘210

Source: Research, (2015)

Table 2.2: Frequency table of high-rise office buildings from the study area

X F FX X? FX®
08 116 928 64 7424
13 49 637 169 8281
18 25 450 324 8100
23 11 253 529 5819
28 4 112 784 3136
33 5 165 1089 5445

Source: Research, (2015)

Mean = ) fx/N = 2545/210 = 12.12

Variance = Yix4N - x> = (38205/210 - 2545/210) = 35660/210

o’ =169.81

Standard deviation = square roof of 169.81 = 13.03
n =[(1.96 x 13.03)/4]°
n = [(25.5)/4]" = (6.4)?
n =40.96

Approximate sample size, n = 42 buildings

For each area of study the following number of buildings will be investigated:
CBD
(139/210)*42 = 27.79 = 28 buildings

Westlands
(37/210)*42 = 7.39 = 7 buildings
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Upperhill
(34/210)*42 = 6.7 = 7 buildings

2.3.3 Data Collection Instruments

Questionnaires formed the main instrument for data collection (Appendix I). The
questionnaire used was structured and non-disguised. The respondents were guided
by the open-ended questions categorized in ten main categories.

Property agents and property managers for respective buildings were used as the
respondents. In cases where technical information was required and the respondents
were not competent enough to respond, key informants like the project Architects
were used to get the required information. Personal observations and photographs
were also used to aid in data collection especially of materials and finishes used in

the buildings.

Forty two questionnaires were administered during data collection with twenty

eight administered in the CBD, seven in Upperhill and seven in Westlands. The

2
zs
(2
number of questionnaires given was determined by the formula, d , as
indicated below.

2.3.4 Data Analysis Techniques

i. Prevalence of green buildings

All the building buildings studied were analysed and scored based on the Green star
certification criteria under the following nine aspects:
i.  Land use and ecology - 5%
ii.  water efficiency - 10%
iii.  Resource utilization - 14%
iv.  Energy use - 20%
v.  Indoor Environmental quality - 18%

vi.  Emissions - 11%
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Vii. Innovation - 4%
viii.  Transport - 9%

iXx.  Management - 9%

The buildings that scored a total of 0 - 19 percent were given 1 star rating, the
buildings that scored 20 - 29 percent were given 2 star rating, the buildings that
scored 30 - 44 percent were given 3 star rating, the buildings that scored 45 - 59
percent were given 4 star rating, the buildings that scored between 60 - 74 percent
were given 5 star rating and the buildings that scored 75 percent and above were
given 6 star rating.

The building that were rated 4 star and above in this study were considered to be
green buildings while the buildings that were rated 3 star and below were

considered as non-green office buildings.

ii. The impact of buildings services on energy consumption

All the building services that consume energy in high rise office buildings were
identified and an assessment was done on each building service to determine the
amount of energy it consumes. This was done by ranking all the building services
identified from the highest consumer to the least consumer for each high-rise
building under study.

iii. The variations in energy consumptions by building Architecture

A comparative analysis between green and non-green office buildings was
undertaken to determine the differences in energy consumption per unit area per
unit time. This was done by establishing the average energy consumed in 1 star
rated buildings, 2 star rated buildings, 3 star rated buildings, 4 star rated buildings,
5 star rated buildings and 6 star rated buildings.
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2.4 Data Processing

Data collected was organized and edited for the purpose of ensuring
comprehensiveness, accuracy and consistence thereafter analyzed quantitatively
using descriptive statistics to get frequencies, percentages, mean and standard
deviations. Cross tabulation was done to compare energy performance variables of
both green and non-green buildings in order to test significant difference. Further,
data on energy was used to test hypothesis using chi-square. This helped the
researcher obtain detailed information which facilitated useful conclusions and

recommendations on energy performance in green buildings.
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No of buildings

CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Prevalence of green buildings in Nairobi

4.1.1 Land use and Urban ecology

All the respondents were asked if there was any vegetation and whether the
vegetation consisted of exotic planted trees or indigenous trees. Out of the 42
buildings studied 14 buildings had exotic planted vegetation consisting of shrubs

and mature trees, 26 buildings had no vegetation and 2 buildings had indigenous

trees that existed even before the buildings were put up.

Figure 4.1: A graph showing the number of buildings with indigenous and exotic

vegetation and the buildings without any vegetation.
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fuels. Trees and shrubs also can absorb and concentrate pollutants and improve the
air quality in a city. The stakeholders in the building industry should therefore be
encouraged to retain existing vegetation as much as possible and also plant new
vegetation after construction so as to reap the maximum benefits of having

vegetation in our urban environments.

Plate 3.1: International life house at CBD with both exotic and indigenous

vegetation on site.

Source: Research, (2015)
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Plate 4.2: Good man house along Waiyaki with all vegetation cleared from site.

No of buildings

Source: Research, (2015)

The survey also found out that 41 percent of the buildings had their fenestrations on
the South facing and North facing facades with 33 percent of the buildings having

their fenestrations on all sides of the building as shown in the graph below.

Figure 4.2: A graph showing the orientation of the building windows.
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Building orientation Source: Research, (2015)
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South and North facing windows are shielded against the direct sun glare therefore
eliminating the need for building sun-shading devices; however, the winds have a
high frequency easterly flow thus placing windows on East - West facades helps
cross ventilation which eliminates the need for mechanical ventilation in buildings.
The building Architects should give considerations of these building aspects and
design buildings that are responsive to the various site specific issues and

ecologically sound

4.1.2 Water efficiency

All the 42 buildings studied depend on water supply from Nairobi Water and
Sewerage Company (NWSC) with 25 percent of them having a backup borehole.
Only one building was found to recycle their waste water and also collect the

surface run - off water to irrigate their vegetation.

On the aspect of adoption of water-waste reducing technologies, the respondents
were asked to note the type of water taps and water closets that had been installed
on their respective buildings, 60 percent of the buildings were found using the
traditional manually operated taps while 40 percent had installed the water-waste

reducing self-closing taps and water closets as shown on the graph below

Figure 4.3 A graph showing the number of buildings with self-closing taps and

those with manually operated taps.

30

25

20

Self closing/ Infra red sensor taps/WCs Manually operated tap/ WCs

Tap operation system Source: Research, (2015)
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The building owners should try as much as possible to install the more
technologically advanced water-waste reducing sanitary fittings. Reducing water
consumption and protecting water quality are key objectives ofsustainable design.
Omne cnticalissue of water consumptionis thatin urban areas, the demands on the
supplying aquifer exceed its ability to replenish itself. To the maximum extent
possible, urban buildings should decrease their need for water by increasing
efficiency. Once efficiency hasbeenoptimized facilities should maximize the use
of waterthatis collected, used purified, andreused on-site. Though the collect and
treat strategy will do hittle to reduce total water volume used on-site. it will
minimize treatment and transport losses as well as reduce the overall energy

required for processing and conveyance.

3.13 Resource Conservation

Matenalresowrce consarvationis one of thekey aspects of green Architecture. In
almostall buildings studied, it was found out that over 70 percent of the matenals
used in the building skeleton are locally obtained but also Over 70 percent the
matenals used to finish the buildings were imported as illustrated by the plates

below.

Platz 4. 4: Dalta towsr along Waivaki Plats 4.3: Comer housa in Kimathi

way in Wastlands, Nairobi Straat at CBD
Sourca: Raszarch, (2013) Sourcs: Rassarch, (2013)
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Plate 4.4 shows the exterior view of Delta towers whose facade 13 zlmost fully clad
m imported materizls consistmg of alummmum composite panels and glass curtam
walls while plate 4.3 shows the exterior view of Comer house whose facade 13 done
using plaster and pamt that 5 locally avaizble and framed curtam wzlls and
windows that zre parfly mported and partly locally availzble

It 1z crhcal to achieve an mtegrated and mteligent use of materialz that maxmmizes
thewr value, prevents upstrezm pellution, and conserves resources. A green buildmg
13 designed and operated to use and reuse materizls m the most productive and
sustamable way across its emtire life cycle. The materizls used m 2 sustamable
buldmg mmimize hfs-cycle environmental mpacts such a5 glebal wammg,
resource depletion, and human toxicity. Envoonmentslly preferable materizls have
2 reduced effect on human health and the environment and contribute to mproved
worker safety and  health, reduced lLizbalites, reduced disposzl costs, and

achievement of environmental goals.

Extraction znd consumption of natural resources as buldmg matenals or zs raw
materizls for production of buldmg materizls and buildmg materials production
itzelf m mplementmg construction works has 2 dirsct mmpact on natural bio-
diversity dus to the fraomentston of natural zrezs and ecosystems caused by
construction activites. In particular, larpe zmount of mmerals resouwrces are
consumed m the built environment and meost of these mmersl resources are non-
renewzble. Thersfore, it 15 mmportant to reduce the use of non-renswable matenzls.
Accordmg to Abeysundara ef of (2009) this should be mcorporated for
constderation zt the project mitiatrve and design phases, where the selection of
materizls 13 very mportant and the choice should be based on the materials’

environmental impacts.

3.1.4 Energv Efficiency
Energy use 1z one of the most mportant environmental issues and managing its use
13 mevitsble m any functionzl society. Buildmgs are the dommant energy

consumets. Builldmgs consume energy and other resources at each stzge of buildmg
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consumers. Buildings consume energy and other resources at each stage of building
project from design and construction through operation and final demolition.
According to Lenzen et al (2002), the kind and amount of energy use during the
life cycle of a building material, right from the production process to handling of
building materials after its end life can, for example, affect the flow of greenhouse

gases (GHGs) to the atmosphere in different ways over different periods of time.

All the 42 buildings studied use power from the national grid as their main source
of energy with 75 percent of them having generators as their backup power source.
Only one building out of the 42 buildings studied had installed solar panels as their

secondary source of power.

a) Type of lighting fittings

All the respondents were asked to identify the type of lighting fixtures that they
had installed on their buildings and it was found out that 9 buildings were using
incandescent bulbs, 15 buildings were using fluorescent tubes, 7 buildings were
using compact fluorescent tubes and 11 buildings were using LED lights as

summarized in the graph below.

Figure 4.4: A graph showing the type of light fittings installed in the buildings

studied.
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Lighting fitting type Source: Research, (2015)
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Accordmg to WBDG 2014, fluorescent lamps are zbout 3 to 5 tmes as efficient as
standard meandescent lamps and can last zbout 10 to 20 tmes longer. To gam the
most efficiency, use current and proven equipment technelogy and mstall
fluorescent fittmps m places where they can be mtsgrated with the Architecturs,
available daylight, and switchmg or dmmmg contrels. LED lamps are the newest
addition to the list of energy efficient light sources. While LED lamps emit visible
light m 2 very narrow spectral band, they can produce "white light”. Thiz 13
zccomplished with etther 2 red-blue-green array or 2 phosphor-coated blue LED
lamp. LED lamps last up to between 40,000 and 100000 hours dependng on
colour. The current challenges of the LED source are a2 poor colowr Rendermg
Index (CRI) of 63 or lower and poor efficacy, often less than 30 lumens per watt.
LED lamps have made thewr way mte numerous lightng zpplications mcluding exit
signs, traffic signals, under-czbmet lights, and vanous decoratve applications.
Though still m thew mfancy, LED lamp technologies are rapidly progressng and
show promise for the future therefore the buildmg owners should mstall tis type of

light fittmps smce they are the most efficient.

b) Passive design strategies
All the 42 buildmps smdied had to some extent applied various passive design

strategies 30 2s fo cut on thetr energy consumption.

Use of passtve ensrgy design such 25 nazturzsl venblation, landscapmg by
vegetation, use of water bodies for evaporaton and coolng and onentztion of
buildmg can help achieve thermal and wvisual comfort mside the buildng, so that
there 13 sigmificant reduction m energy consumphon by conventional ar
conditionmg and artificial lighmmg m 2 buildmg. Architects can achieve enstgy
efficiency m builddmgzs by sdymg the macro amd micro cmate of the site
applymg solar-passtve and broclmatic design feature and takmg advantage of the

naturzl resources on site.
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c) Design for climate

Good passrve design ensures that the occupants remam thermally comfortzble
with mmimzl zuxiliary heatmg or coolmg m the climate where they are built
Builldmg m the tropics, if well designed, the need for 2o condimonmg, heatmg and
coolmg can completely elimmated smee there are no extreme weather changes

experienced.

d) Orientation

Orientztion refers to the way the buiddmg 1z placed itz site to tzke advantape of
climatic features such 2s sun and wmnd breezes. 41 percent of the buldngs studied
face north-south, or as close to north 23 possible, lowmpg maxmum exposure to
the sun, and easy shadng of walls and wmdows. Good orientation reduces the
need for muxilizry heatmp and coclmg and mproves solar access to panels for
solar photovoltzies and hot water. The buildmg 15 thus more comfortable to work
m and cheaper to mun. It tzkes account of hot and cold seasonal variations m the

sun’s path 2z well 23 the direchion and type of wmds.

e) Day-lighting

All the 42 buldmgs stdied use this passive design strategy however that mterior
partiions block the daylight from pettmg mto the spaces zt the centre therefore
artificial lightmg had to be used to light those spaces.

Daylight should be used 25 much as possible to hight buldmgs, both for energy
effictency znd for the health and comfort of occupants. Design requirements for
day-lightmg must be balanced with the user’s requirements for views and privacy.
Day-lightmg must zlse be considered zlongside buildmg location, orientztion and
layout, m order to control selar access for passive heatmg and coolng.
Most of the bulding studied had used the followmpg strategies for utilizmg natural
light:

+ Use diffused light rather than direct sunlight, which requires careful

placement and sizmg of wmdows
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» Avoidance over-glazing which may cause glare and heat gain in

summet and heat loss in cold seasons.

f) Passive ventilation

All the buildings studied had applied passive wventilation strategies. Passive
ventilation 1s when air 1s exchanged in a building through openings in the building
envelope using the stack and wind pressures.
The following strategies were observed:
+ (Controlled through openings such as windows and doors or purpose-
built small vents (such as trickle vents on some windows).
* Uncontrolled by infiltration through unintentional openings such as
gaps around windows and doors and between building components.
Passive ventilation is an essential component of passive design and is a free and
environmentally friendly method of ventilation that 1s suitable for all buildings

with the tropics.

3.15 Indoor Environmental Quality

a) Type of ventilation

32 buildings out of the 42 studied solely depend on natural or cross ventilation
through the building fenestrations; this is the efficient and sustainable building
design strategy that saves on the building's energy consumption. Most of the
spaces that are mechanically ventilated are the boardrooms since they normally
accommeodate more users per square area as opposed to the other general office

spaces
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Figure 3.4: A Pie chart showing the type of ventilation used in the studied
buildings

H Cross Ventilation/
Windows

H Fans

i Hvacsystems

Source: Research, (2015)

a) Type of Paint

Almost 80 percent of the buildings had used oil based and acrylic paint wall finish
internally while only 4 out of the 42 studied had used water based paints as
indicated in the chart below.
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Figure 3.5: A Pie chart showing the type of paint used internally in the studied

buildings

M Oil based paint

M Water based paint
i Acrylic based paint
M Other

Source: Research, (2015)

b) Cleaning agents used
The study showed that 79 percent of the buildings investigated used detergents in

cleaning their facilities with a small percentage using soaps and forms as shown in

the chart below.

Figure 3.6: A Pie chart showing the type of cleaning agent used in the studied

buildings.

M Detergents
M Soaps
i Others

M Foam chemicals

Source: Research, (2015)
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Well-being (health and comfort) is an important aspect determining the quality of
life of an occupant. In a modern society, where individuals spend more than 90% of
their time indoors and more than 70% of their time indoors (Adgate et al. 2002, Sev
2009) an essential role of architecture is to provide occupants’ health, physiological
comfort, physiological satisfaction and productivity. Buildings should therefore be
designed and operated by use of materials that are not hazardous to their health and
comfort. Application of water based paints, use of natural ventilation, thermal
comfort; proper acoustical environment, proper day-lighting and reduction in use of
detergents or any other form of harmful chemicals should be avoided as much as
possible.

3.1.3 Emissions

All the buildings studied identified the following as the major wastes produced:
i.  Toilet waste (both solid and liquid)

ii.  Paper waste

iii.  Electronic waste

iv.  Gaseous emissions mainly from the backup generators

v.  Food waste

vi.  Clinical waste
None of the buildings had a proper strategy on waste management except that all of
them had sub contracted a waste collection firm that picked up the waste twice a

week.

Only 3 buildings out of all the buildings studied sorted their waste to either recycle
or non-recyclable containers although no follow was being done to ensure that the

collected recyclable waste was actually recycled to form any use products.

3.1.4 Innovation

The various innovative design concepts observed during the study were:
I.  Use of courtyards
ii.  Use atriums
iii.  Use of thick external walls
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iv.  Orientation of windows in the direction of wind flow
v.  Use of large windows and curtain walls to allow for day lighting

vi.  Use of Sky-lights

Plate 3.5: Example of Innovative Green designs - Courtyard

",

Source: Research, (2015)
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Figure 3.7: A graph showing the various innovative ideas applied in the studied

buildings.
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A majority of the buildings had used large windows, thick external masonry walls
and cross ventilation as the main innovative ideas towards attaining greening
buildings. Architects should be continually encouraged to adopt as well as come
with new ideas of ensuring that the buildings they designed are eco-friendly.

3.1.5 Management and Transport

All the respondents were asked if they had conducted an Environmental Impact
Assessment (EIA) study before the building was put up; 76% percent noted that
they had conducted an EIA study while 24% percent had not conducted the EIA
study. Most of the buildings that had no prior EIA study were found to have been
built before the year 1999 when the EIA law was enacted.
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Figure 3.8: A graph showing the number of buildings where EIA was carried out

and those that conduct regular energy audits.
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The study indicated that over 70 percent of the buildings studied conducted regular
energy surveys however none indicated whether the recommended given in the

surveys were implemented.

Property managers and building owners should try and implement the
recommendations given in the energy audit report and those buildings that do not
conduct these surveys should be encouraged to do so in order to minimise on the

energy consumption by these buildings.

The study further showed that out of the 42 buildings studied, none of them
provided mass transport services to and from work for their employees; the
building occupants either use personal vehicles that cause a lot of pollution to the
environment or public transport (matatus) which is a more sustainable means of

transport.
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3.2 Building services that consume energy

The following building services were identified by the property managers as the
main consumers of the supplied energy
i.  Lighting
ii.  Heating/cooling
iii.  Office equipment
Iv.  Air conditioning

v. Ventilation/Use of fans

The study indicated that lighting was the biggest consumer of energy in the high-
rise office building studied, followed by the energy consumed by the office
equipment. The least energy consumers were the energy needs for air conditioning

and ventilation as summarized in the pie chart below.

Figure 3.9: A Pie chart showing energy consumption by various building services

M Heating/Cooling

M Lighting

i Office Equipment

H Air conditioning/HVAC

systems

i Use of fans

Source: Research, (2015)

The results above indicate that if more attention was given to adoption of day
lighting passive design strategy and even use of efficient lighting fittings, then a

significant amount of energy can be saved in office buildings in Nairobi.
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3.3 Variations in energy consumption between green and
non-green buildings

All the building buildings studied were analysed based on the Green star

certification criteria under the following nine aspects:

X.
Xi.
Xii.
Xiil.
Xiv.
XV.
XVI.
XVil.

XViil.

Land use and ecology - 5%

water efficiency - 10%

Resource utilization - 14%

Energy use - 20%

Indoor Environmental quality - 18%
Emissions - 11%

Innovation - 4%

Transport - 9%

Management - 9%

Each building was scored according to its performance on all the nine aspects and

the rating was given based on the Green star rating indicated in the table below.

Table 3.1: Green star rating on various scores

Star rating Score
One star (lowest/minimum practice) 10
Two star 20
Three star (good practice) 30
Four star 45
Five star 60
Six star (world leadership) 75

Source: Research, (2015)
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Out of the 42 building assessed, only one building attained a 5 star rating, 22
buildings attained 4 star rating, 17 buildings attained 3 star rating and 2 buildings

attained a 2 star rating as summarized in the graph below.

Figure 4.11: Number of buildings with the various star ratings

25
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2 star 3star 4 star 5star

Star rating Source: Research, (2015)

The buildings that attained 2 star and 3 star ratings were taken as non green
buildings while the buildings that attained 4 scores and above were taken as the
green office buildings. Only the Coca cola centre attained the highest performance

as green building amongst all the buildings that were assessed.
Average energy consumption per square metre per month (kWh/M?/month) was

obtained for green buildings and non-green buildings and the results are as shown

in the graph below.
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Figure 4.12: A graph showing the average energy consumption for the various star

rated buildings
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4.4 The role of building occupants in energy consumption

Occupant behaviour affects the building energy use directly and indirectly by
opening/closing windows, turning on/off or dimming lights, turning on/off office
equipment, turning on/off heating, ventilation, and air-conditioning (HVAC)
systems, and setting indoor thermal, acoustic, and visual comfort criteria. During
the study it was observed that despite the Architect's attempt to design energy
efficient buildings, the users were on the contrary misusing the energy that was
meant to be saved; in some instances the building was well day-lit but still the

occupants had the lights switched on as indicated by plate 4.6 below.
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Plate 3.6: Example of an office where the lights were on yet there was adequate day

lighting

Source: Research, (2015)

In other cases the office equipment were left running even after work hours and
therefore unnecessarily consuming a lot of energy. The property managers need to
regularly sensitize the building users on appropriate behaviour with regard to
efficient energy use in their respective work stations that this way, significant

amounts of energy that is otherwise wasted can be saved.
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3.5 Chi Square tests for hypothesis

a) Prevalence of green high-rise office buildings in Nairobi

Table 3.2 Table showing the frequency of green and non-green office

buildings in the area of study

Green building Non Green

buildings
0 23 19
E 12.6 29.4

Source: Research, (2015)

df = (K-1) =1
At 95% confidence level
Reject H, if X* >3.841
X?= > (0-E)?

E

X% = (23-12.6)> + (19-29.4)*

12.6 20.4
X% =12.26
12.26 > 3.841

Therefore the study rejected Hy that the number of green high-rise office
buildings in Nairobi are insignificant.
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b) Differences in energy consumption by building Architecture

Table 3.3 Table showing the energy consumption per unit floor area per

unit time between green and non-green office buildings in the area of study

Energy consumption in
Green building

Energy consumption in
Non Green buildings

2/
(kWh/m#month) (kwWh/m?month)
333 10.62
e 15 6

df=K-1=2-1=1
At 95%confidence level
Reject Ho if X*>3.841
X?= > (0-E)°

E

X?=  (3.33- 15)%2 +(10.62 -6)?

1.5 6
2.2326 + 3.5574
=5.79

5.79 > 3.841

Source: Research, (2015)

Therefore the study rejected Hy that there is no difference in energy

consumption by building Architecture.

This means that adopting daylighting or use of energy saving lighting fittings
and office equipment significantly reduces energy consumption in high-rise

office buildings
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CHAPTER FIVE

4.0 SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS

4.1 SUMMARY

As earlier hypothesized, this study established that; first, there are a significant
number of green buildings within the area of study. Secondly, building services
significantly affect energy variations in high-rise office buildings in Nairobi.
Thirdly, there is significant difference in energy consumption by building
Architecture. Finally, Occupants behaviour in high-rise office buildings in Nairobi
significantly affects the levels of energy consumption. Out of the 42 buildings
studied, 2 buildings attained a two star rating, 17 buildings attained a 3 star rating,
22 buildings attained a 4 star rating and 1 building attained a five star rating with a

total rating score of 66.1 points.

It was also established that the building services that consume energy in high-rise
office building include; lighting, heating/cooling, office equipment, air
conditioning and ventilation. Out of the five services identified, lighting it was
established that lighting was the highest consumer of energy at 52% followed by

office equipment that consumed 30% of the total energy consumption.

The study also showed a strongly relationship between green Architecture and
energy consumption per square area with buildings at two star rating averaging
13.88 kWh/m?/month, three star buildings averaging 7.35 kWh/m?month, 4 star
buildings averaging 4.73 kWh/m?month and the only five star rated building
consuming 1.93 kWh/m?%month.

The building occupants were also found to have a significant impact on energy

consumption in their respective buildings.
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4.2 CONCLUSIONS

This research was guided by specific research questions and clear objectives. As

earlier hypothesized, it can be concluded that;

a)

b)

d)

Based on the key findings from the research, it was established that
there is a significant presence of green high-rise office buildings in

Nairobi.

The building services significantly affect energy variations in high-rise
office buildings in Nairobi are lighting and energy use by office

equipment.

Green buildings consume less energy per unit floor area as compared

to non-green high-rise office buildings in Nairobi.

Occupants behaviour in high-rise office buildings in Nairobi

significantly affect the levels of energy consumption

4.3 RECOMMENDATIONS

Based on

key findings from this research, this study makes the following

recommendations;

a)

b)

The national government together with the private sector should
formulate a legal and policy framework that will ensure that developers
and existing office building owners incorporate renewable energy
sources in their design briefs to supplement the energy from the

national grid.

Formation of a national body that will ensure that new buildings are
designed to meet the green building requirements that will
subsequently lead to efficient use of energy within the building and

construction industry.
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c)

d)

Educating the property managers and office space users on the need to
use efficient LED lighting fixtures and use of energy efficient office

equipment.

Training and regular sensitization of the occupants of the office
buildings on energy use conscious behaviour so as to cut on this

unnecessary wastage.

This study held an assumption of constant occupant behaviour leaving
out a significant variable that affect energy consumption. Future
studies should model ways of accurately measuring the building user's
behaviour with regard energy consumption with a view of giving
recommendations to property managers and owners on optimum user

behaviour in their buildings.

73



REFERENCES

Abeysundara, U.G.Y.; Babel, S.; Gheewala, S.; (2009): A matrix in life cycle
perspective for selecting sustainable materials for buildings in Sri Lanka.
Build. Envrion. 44, 997-1004.

Adgate, J.L.; Ramachandran, G.; Pratt, G.C.; Waller, L.A.; Sexton, K.; (2002):
Spatial and temporal variability in outdoor, indoor, and personal PM2.5
exposure. Atmos. Environ. 36, 3255-3265.

Azadeh, S.; Ehsan V.; Pradeep K. R.; (2014): The Role of Building Construction
Materials on Global Warming, Lessons for Architects.

Barley D., Deru M..; Torcellini P.; (2005): ‘Procedure for Measuring and Reporting
Commercial Building Energy ~ Performance: Innovation for our energy
future’ Energy and Building, 66, 341-356

CBS (2001). Population and Housing Census. Counting Our People for
Development Vol.1. Central Bureau of Statistics, Nairobi.

Fabi, V., Anderson, R.V., Corgnati, S.P., OLesen, B.W. and Fillipi, M.; (2011):
‘Description of Occupant Behaviour in Building Energy Simulations: State-
of Art and Concepts for Improvements’ Proceedings of Building Simulation
2011:2th Conference of International Building Performance Simulation

Association, Sydney, 14-16 November

Fay, R., Treloar, G., and lyer-Raniga, U.; (2000): Life-cycle Energy Analusis of
Buildings; A Case Study’ Building Research and Information 28 (1) 31-41.

Gabay, H., Meir, I.A., Schwartz, M., Werzberger, E.; (2014): ‘Cost Benefit Analysis
of Green Buildings: An Israeli Office Buildings Case Study’ Energy and
Buildings Vol 76, pp558-564

Godwin, E., Usenbong F.; (2012): The Contribution of Energy Consumption to
Climate Change: A Feasible Policy Direction, pg 21

74



Haymaker, J., And Clevenger, C.M.; (2004): ‘The impact of building occupants on
Energy Modeling Simulations’ California; Stanford University Press

Hosseini, A.M.G., Dahlan, N.D., Berardi, U., Hoseini, A.G., Makaremi, N., Hoseini,
M.G.; (2013): ‘Sustainable Energy Performances of Green Buildings: A
Review of Current Theories, Implementations and Challenges’ Renewable
and Sustainable Energy Reviews 25, 1-17

International Energy Agency, (2008): ‘Promoting energy efficiency investments:

case studies in the residential sector’ IEA

Kilbert A.; Pohl J.; (2005): ‘Building Science: Concepts and application’ New York.
Wiley Blackwell

KNBS (2011), Economic survey 2011, Nairobi, Government Printer

Kneifel (2009): ‘Life-cycle Carbon and Cost Analysis of energy Efficiency
Measures in New Commercial Buildings’ Energy and Buildings 42 (2010)
333-340

Lakin, D. (Undated): A Travel Guide and Manual. Association of Tour Operators
(KATO). Nairobi, Kenya

Lenzen, M.; Treloar, G.J.; (2002): Embodied energy in buildings: Wood versus
concrete-reply to Borjesson and Gustavsson. Energy Policy, 30, 249-244.

Lutzenhiser, L.; (2003): “Social and Behavioral Aspects of Energy Use.” Annual
Review or Energy and the Environment, 18, pp. 247-289.

Mills, E.; (2002): "Global Lighting Energy Savings Potential.” Light and
Engineering, 10(4):5-10.

Mitullah, Winnie. 2003. Understanding Slums: Case Studies for the Global Report
on Human Settlements 2003: The Case of Nairobi, Kenya. UN-HABITAT,
Nairobi.

75



Mwasha, A., Williams, R. G., lwaro, J. (2011): “Modeling the performance of
residential building envelope: The role of sustainable energy performance
indicators”, J. Energy and Buildings, 35 (1) 330-337

Oginni, A., Adebamowo, M., and Adebayo, K.; (2012): ‘An Evaluation of the
Lighting Energy Usage (Efficiency) of the Student Hostels in University of
Lagos, Nigeria’ ICIDA (106)

Omer, A. M.; (2008): Energy, environment and sustainable development. Renewable
and Sustainable Energy Reviews 2008;12(9):2265-300.

Scofield, J. H.; (2009): ‘Do LEED-certified Buildings Save Energy? Not really...’
Energy and Buildings 41, 1386-1390

Wang, S., Yan, C., Xiao F.; (2012): Quantitative Energy Performance Assessment
Methods for Existing Buildings. Energy and Buildings;55:873-88.

Meier I. A. and Olofsson T.; (2002): What Is an Energy-Efficient Building?
Comparing energy efficiency in buildings in Brazil: Vol. 10:5-26

Mundia, C. N., Aniya, M.; (2007): Analysis of land use/cover changes and urban

expansion of Nairobi city using remote sensing and GIS

Saggerson, E. P., 1964. Geology of the Nairobi Area, Degree Sheet No. 51, Survey
of Kenya.

Saggerson, E. P.; (1991): ‘Geology of the Nairobi Area, Degree Sheet No 51’
Survey of Kenya

Sev, A.; (2009): How can the construction industry contribute to sustainable
development? A conceptual framework. Sustain. Dev., 17, 161-173.

Sikes, H. L.; (1934): ‘Underground Water Resources of Kenya Colony’ London:

Crown Agents

Whole Building Design Guide (WBDG, 2013),

76



APPENDICES

Appendix I: Questionnaire
MOSES NYAKWEBA OKEMWA
UNIVERSITY OF NAIROBI
DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL STUDIES
P.O. BOX 30197
NAIROBI

FIELD QUESTIONNAIRE FOR A M.A. ENVIRONMENTAL PLANNING AND MANAGEMENT
STUDY PROGRAMME

Dear Sir/ Madam,

RE: FIELD DATA COLLECTION

| am a Masters student at the University of Nairobi, Department of Geography and
Environmental studies and my contact address is as given above. My field study
seeks to investigate the impact of green architecture on building energy
consumption in high-rise office buildings in Nairobi. In this regard | would like to

kindly request you to assist by answering the following questions.

Your views and opinion in this interview will be treated confidentially and strictly

used for the purposes of the research work.

BUIDING GENERAL INFORMATION

Street/Road.......ccccceeevvveennenn. Property

..... ABENT. .
Building No of Storeys and total floor area
NamMe....oocceciiiieeeeeeeee e (1) ettt ettt ettt
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Name of the Architect who The year in which the building construction was

designed and supervised the COMPIELEd....eiiiiiiiecieeee e

building......cccovvviviieiieeeeee,

The name of the
CONEIACTON  ceeieeeeeeeeeeeeee e eeeeeeeeanas

Building Characteristics (Adopted from the Green Star building rating system)

Land use and ecology

1. Physical/ geographical location of the building?

2. Is there any vegetation within the building's compound?
Yes [1]
No [2]

3. If Yesin the question (2) above, describe the type of vegetation on site

4. On which side of the building are the windows facing?
East-West [1]
North-South  [2]

Other (specify)  vevvveeeeee e
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5. What is the predominant wind direction in the area?

Water Efficiency

1. Which is the primary source of water for your building?

2. Isthere any other source(s) of water for your building?
Yes [1]
No [2]
If yes in (2) above, specify

3. Approximately what amount of water is used per month in the building?

............................................ (litres)

4. Is there any waste water produced from the building?
Yes [1]
No [2]
If yes in (3) above, specify

5. Do you have a waste water recycling system on site?
Yes [1]
No [2]

6. If yesin (4) above, which system of recycling is used
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9. Isthere any waste water produced from the building?
Yes [1]
No [2]
10. What type of mixer is used for the wash hand basin mixers
a) Manual hand operated tap - turning the knob clock wise and anti
clockwise
b) Self-closing press type
c) Single lever - manually operated type
d) Infra-red sensor hands free type
e) Piezo-eletronic hands free type
11. What type of water closets are used in the building?
a) Manually operated - flush handle or press valve
b) Sensor based flushing mechanism

Material/Resource Conservation

1. Describe the materials used in the construction of the following building elements
a) Roof

Trusses/Rafters/Purlins
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b) External walls

Main walls

c) Internal walls

Partition walls

d) Floor

Type of floor

ENERGY EFFICIENCY

1. What is the main source of energy in your building?

81



2. Is there any secondary source of energy in your building?
Yes [1]
No [2]

If yes in (2) above, specify

3. Are there any devices installed at the windows to protect the building users from
direct sun glare?
Yes [1]
No [2]

If yes, Specify?

4. What type of lighting fixtures do you use in your building?
Incandescent Bulbs [1]
Fluorescent Tubes [2]
Compact Fluorescent Tubes [3]
LED Lights [4]
Other [5] SPeCify.ccunciiiiiiiiiiiee e

5. What type of lighting switches do you use?
Wall switches [1]
Light dependent resistor switches  [2]
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Infra-red Sensors [3]

Other [4]  SPECIHfY i

6. If electricity, state the average consumption per month in kWh and Kshs

7. In your own assessment, can you rank the following services according to the
amount of energy they consume per month - (from the highest consumer to the
lowest).

a) Lighting

b) Heating

c) Ventilation

d) Air-conditioning
e) Office equipment
f) Other

INDOOR ENVIRONMENTAL QUALITY

1. Does the building have any of the following features?

Thick Walls masonry (over 200mm) [1]
Windows oriented in the direction of wind-flow [2]
Courtyard [3]
Atrium (4]

2. How is your building ventilated?

Use of windows/openings on the wall [1]

Use of fans [2]

Use of HVAC system(s) [3]

Other [4]
SPECIHTY.cvveeiieieeiieiinns
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Human/User Comfort

1. Areyou able to work during the day with your lights off?
Yes [1]
No [2]

2. Ifnoin (1) above, why ?

3. How can you describe the views through your windows?
Good [1]
Bad [2]
4. What type of paint have you used for interior finishes in your building?
Oil-based paint [1]
Acrylic-based paint  [2]
Water-based paint  [3]
Other [4]  SPECIfY..ccceiiieiiiiieeeeeeeeeee e,
Emissions

1. List the types of wastes generated from your building

2. How do you dispose-off the waste generated in (1) above from your building?

Waste type Disposal method
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Innovation

1. Isthere any innovative way(s) the building is designed to conserve energy
Yes [1]
No [2]

If Yes in (1) above, specify

Transport
1. Isthere any alternative means of transporting workers to and from work without
using private cars
Yes [1]
No [2]

2. IfYesin (1) above, specify

Management
1. Was an Environmental Impact Assessment (EIA) conducted before the building
was constructed?
Yes [1]
No [2]

2. Do you conduct regular Environmental/Energy Audits for the building?
Yes [1]
No [2]
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. Are there any clauses in your lease agreement that are meant sensitize the

building users on sustainable energy consumption practices?
Yes [1]
No [2]

If yes in (4) aboVe, SPECITY ...ueeiieeeeeeee e

USER BEHAVIOUR

OBSERVATION YES(Y) NO(N)

Lights on yet there is adequate daylight

Power sockets on yet they are not is in use

Equipment/machines on yet they are not in

use

Lights left on after-work hours

Equipment left running after-work hours

Air conditioning/Fans running while there is

adequate cross ventilation
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Appendix II: High-rise Office Buildings in Nairobi

CBD HIGHRISE OFFICE BUILDINGS

NO. Building Height Floors Year
1. Times Tower 140 m 38 1997
2. Kenyatta International Conference 105m 32 1974

Centre
3. | & M Bank Tower 99 m 18 2001
4. Nyayo House 84 m 27 1982
5. Cooperative Bank House 83 m 25 1981
6. National Bank House 82m 21 1976
7. Anniversary Towers 80 m 26 1992
8. Lonrho House 80 m 22 1990
9. Reinsurance Plaza 77m 20 1982
10. | Uchumi House 71m 21 1972
11. | ICEA Building 69 m 19 1981
12. | International House 66 m 17 1971
13. | Electricity House 60 m 18 1974
14. | Treasury Building 48 m 15 1980
15. | Union Towers 48 m 14 1977
16. | Bima House 45m 13 1973
17. | Office Of The President 43 m 14 1967
18. | NHC House 40m 13 1975
19. | Harambee House 40m 12 1962
20. | Development House, West Tower 39m 12 1972
21. | KCS House 38m 13 1975
22. | Central Bank Headquarters ~170 m 50 1990
23. | Posta House GPO ~92 m 27 1999
24. | Hazina Towers ~81 m 24 -
25. | AmBank House ~75 m 22 -
26. | Afya Center ~71 m 21 -
27. | Fedha Towers ~68 m 20 -
28. | View Park Towers ~68 m 20 -
29. | Bazaar Plaza ~64 m 19 -
30. | Loita House ~61 m 18 -
31. | Chester House ~61 m 18 -
32. | Corner House ~6]1 m 18 -
33. | Finance House ~58 m 17 -
34. | Nation Centre ~58 m 17 1997
35. | Bruce House =51 m 15 -
36. | Barclays Plaza ~51m 15 -
37. | Ufundi Cooperative Plaza ~47m 14 -
38. | Utalii House ~44 m 13 -
39. | Garden Plaza ~44 m 13 -
40. | Rehani House ~44 m 13 -
41. | City Hall Annex ~44 m 13 1981
42. | Protection House ~41 m 12 -
43. | Harambee Plaza ~41 m 12 1987
44, | IPS Building ~41m 12 1967
45. | Transnational Plaza ~34 m 10 -
46. | Sonalux House ~34 m 10 -
47. | Kimathi House ~34 m 10 -
48. | Maendeleo House ~34 m 10 -
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http://www.emporis.com/buildings/103391/times-tower-nairobi-kenya
http://www.emporis.com/buildings/103413/kenyatta-international-conference-centre-nairobi-kenya
http://www.emporis.com/buildings/103413/kenyatta-international-conference-centre-nairobi-kenya
http://www.emporis.com/buildings/147614/i-m-bank-tower-nairobi-kenya
http://www.emporis.com/buildings/103392/nyayo-house-nairobi-kenya
http://www.emporis.com/buildings/103408/cooperative-bank-house-nairobi-kenya
http://www.emporis.com/buildings/103411/national-bank-house-nairobi-kenya
http://www.emporis.com/buildings/202899/anniversary-towers-nairobi-kenya
http://www.emporis.com/buildings/202900/lonrho-house-nairobi-kenya
http://www.emporis.com/buildings/103403/reinsurance-plaza-nairobi-kenya
http://www.emporis.com/buildings/103396/uchumi-house-nairobi-kenya
http://www.emporis.com/buildings/103406/icea-building-nairobi-kenya
http://www.emporis.com/buildings/103399/international-house-nairobi-kenya
http://www.emporis.com/buildings/103404/electricity-house-nairobi-kenya
http://www.emporis.com/buildings/103401/treasury-building-nairobi-kenya
http://www.emporis.com/buildings/103409/union-towers-nairobi-kenya
http://www.emporis.com/buildings/103393/bima-house-nairobi-kenya
http://www.emporis.com/buildings/103395/office-of-the-president-nairobi-kenya
http://www.emporis.com/buildings/103405/nhc-house-nairobi-kenya
http://www.emporis.com/buildings/103394/harambee-house-nairobi-kenya
http://www.emporis.com/buildings/103407/development-house-west-tower-nairobi-kenya
http://www.emporis.com/buildings/103397/kcs-house-nairobi-kenya
http://www.emporis.com/buildings/288538/central-bank-headquarters-nairobi-kenya
http://www.emporis.com/buildings/202901/posta-house-nairobi-kenya
http://www.emporis.com/buildings/202902/hazina-towers-nairobi-kenya
http://www.emporis.com/buildings/231994/ambank-house-nairobi-kenya
http://www.emporis.com/buildings/337407/afya-center-nairobi-kenya
http://www.emporis.com/buildings/202903/fedha-towers-nairobi-kenya
http://www.emporis.com/buildings/162887/view-park-towers-nairobi-kenya
http://www.emporis.com/buildings/337388/bazaar-plaza-nairobi-kenya
http://www.emporis.com/buildings/337393/loita-house-nairobi-kenya
http://www.emporis.com/buildings/321577/chester-house-nairobi-kenya
http://www.emporis.com/buildings/162897/corner-house-nairobi-kenya
http://www.emporis.com/buildings/321576/finance-house-nairobi-kenya
http://www.emporis.com/buildings/173667/nation-centre-nairobi-kenya
http://www.emporis.com/buildings/288730/bruce-house-nairobi-kenya
http://www.emporis.com/buildings/162899/barclays-plaza-nairobi-kenya
http://www.emporis.com/buildings/288731/ufundi-cooperative-plaza-nairobi-kenya
http://www.emporis.com/buildings/337396/utalii-house-nairobi-kenya
http://www.emporis.com/buildings/288733/garden-plaza-nairobi-kenya
http://www.emporis.com/buildings/288729/rehani-house-nairobi-kenya
http://www.emporis.com/buildings/103414/city-hall-annex-nairobi-kenya
http://www.emporis.com/buildings/288539/protection-house-nairobi-kenya
http://www.emporis.com/buildings/218350/harambee-plaza-nairobi-kenya
http://www.emporis.com/buildings/202904/ips-building-nairobi-kenya
http://www.emporis.com/buildings/337410/transnational-plaza-nairobi-kenya
http://www.emporis.com/buildings/337398/sonalux-house-nairobi-kenya
http://www.emporis.com/buildings/337392/kimathi-house-nairobi-kenya
http://www.emporis.com/buildings/337387/maendeleo-house-nairobi-kenya

49. | Norwich Union Towers ~31m 9
50. | Kenya University Methodist ~27 m 8
Building
51. | Tembo Co-op House ~27 m 8
52. | Cotts House ~27 m 8
53. | Sasini House ~24 m 7
54. | Ambassador house ~24m 7
55. | Ansh house ~21m 6
56. | Aqua house 22m 6
57. | Baraka house ~39m 12
58. | Barclays house 46m 15
59. | Bima house ~42m 13
60. | Cardinal Maurice Odinga Plaza ~30m 10
61. | Cargen house ~18m 6
62. | CFC Stanbic house ~18m 6
63. | Church house ~39m 12
64. | Cianda house ~39m 12
65. | City house ~24m 7
66. | Coffee plaza ~39m 12
67. | Commerce house ~27m 8
68. | Common wealth house ~24m 7
69. | Consolidated bank house ~21m 6
70. | Continental house ~24m 7
71. | Contrust house ~33m 10
72. | Development towers ~51m 16
73. | Eco bank chambers ~21m 6
74. | Eco bank towers ~57m 18
75. | El-roi plaza ~24m 7
76. | Embassy house ~21m 6
77. | Family bank towers ~42m 13
78. | Fourway towers ~36m 11
79. | Gatakani investment house ~24m 7
80. | Gilfillan house ~27m 8
81. | Guilders Centre ~24m 7
82. | Harambe coop house ~36m 11
83. | Impala house ~30m 9
84. | Intefina house ~30m 9
85. | International house ~51m 16
86. | Jamii bora house ~21m 7
87. | Jeeran bharati building ~33m 9
88. | Jethalal Chambers 26m 8
89. | Jogoo house B ~36m 12
90. | Jubilee insurance plaza ~22m 6
91. | Kampus towers 16m 6
92. | KCA ~33m 10
93. | Kemu Hub ~27m 8
94. | Kencom house ~30m 9
95. | Kenindia house ~51m 16
96. | Kenya comfort house ~24m 7
97. | Kenya Re plaza 74m 21
98. | Kitamu house ~21m 6
99. | KPCU building 26m 6
100.| KTDA plaza ~33m 9
101.| Lord’s house ~21m 6
102.| Lyric house ~27m 8
103.| Mageso chambers ~24m 7

88



http://www.emporis.com/buildings/337408/norwich-union-towers-nairobi-kenya
http://www.emporis.com/buildings/338410/kenya-university-methodist-building-nairobi-kenya
http://www.emporis.com/buildings/338410/kenya-university-methodist-building-nairobi-kenya
http://www.emporis.com/buildings/337413/tembo-co-op-house-nairobi-kenya
http://www.emporis.com/buildings/337411/cotts-house-nairobi-kenya
http://www.emporis.com/buildings/337394/sasini-house-nairobi-kenya

104.| Meridian court ~27m 8
105.| Meru south house 21m 6
106.| MKU towers ~30m 9
107.] Mwalimu coop house ~30m 9
108.| Namak house ~18m 5
109.| Nginyo towers ~27m 8
110.| Njengi House ~27m 8
111.| Nyati house ~21m 6
112.| Pension towers ~54m 17
113.| Pioneer house ~24m 7
114.| Post bank house ~66m 21
115.| Porter house ~39m 12
116.| Purshottam plaza ~21m 6
117.| Queensway house ~24m 7
118.| Rafiki house ~21m 6
119.| Rehema house ~21m 6
120.| Reli coop house ~21m 6
121.| Revlon professional plaza ~21m 6
122.| Rural —urban house ~27m 8
123.| Savoy towers ~33m 10
124.| Shelter house ~21m 7
125.| Southern house ~21m 6
126.| Stanbank house ~39m 12
127.| Standard house ~24m 7
128.| St. Ellis house ~24m 7
129.| Town house ~30m 9
130.| Tumaini house ~24m 7
131.| Ufungamano house ~24m 7
132.| Ufanisi house ~24m 7
133.| Ukulima coop house ~42m 13
134.| Uniafric house ~15m 6
135.| Vedic house ~21m 6
136.| Veteran house ~30m 9
137.| Victor house ~24m 7
138.| Yala towers 33m 10
139.| Solar house ~24m 7
UPPERHIL HIGHRISE OFFICE BUILDINGS

NO. Building Height | Floors Year
1. Britam Tower 192 m 31 2015
2. Social Security House 103 m 28 1973
3. KCB Plaza 99 m 23 2013
4, Ministry Of Works Building 43 m 14 1968
5. | CTDLT Towers ~68 m 20 -
6. Rahimtulla Tower =61 m 18 1999
7. Landmark Plaza ~47 m 14 2006
8. Taj Towers ~44 m 13 -
9. Zep-Re Place ~41'm 12 -
10. | Chancery Building ~41 m 12 1992
11. | Victoria Towers ~41m 12 2000
12. | BSI Headquarters Building 1 =37 m 11 2007
13. | Bishops Gate =27 m 8 2007
14. | Bishops Garden Towers =27 m 8 1992
15. | IKM Place ~24 m 7 2007
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http://www.emporis.com/buildings/1233882/britam-tower-nairobi-kenya
http://www.emporis.com/buildings/197473/social-security-house-nairobi-kenya
http://www.emporis.com/buildings/1204365/kcb-plaza-nairobi-kenya
http://www.emporis.com/buildings/103402/ministry-of-works-building-nairobi-kenya
http://www.emporis.com/buildings/1204370/ctdlt-towers-nairobi-kenya
http://www.emporis.com/buildings/150845/rahimtulla-tower-nairobi-kenya
http://www.emporis.com/buildings/287990/landmark-plaza-nairobi-kenya
http://www.emporis.com/buildings/278975/taj-towers-nairobi-kenya
http://www.emporis.com/buildings/341090/zep-re-place-nairobi-kenya
http://www.emporis.com/buildings/278980/chancery-building-nairobi-kenya
http://www.emporis.com/buildings/150846/victoria-towers-nairobi-kenya
http://www.emporis.com/buildings/288286/bsi-headquarters-building-1-nairobi-kenya
http://www.emporis.com/buildings/293533/bishops-gate-nairobi-kenya
http://www.emporis.com/buildings/288033/bishops-garden-towers-nairobi-kenya
http://www.emporis.com/buildings/288035/ikm-place-nairobi-kenya

16. | Mebank Tower ~20 m 6 2000
17. | Kenya Re towers 42m 13
18. | Afya house 37m 9
19. | World bank offices/ Formerly 70m 21
delta centre
20. | Khushee Towers (ADB) 40m 14
21. | Citi bank building ~24m 7
22. | Coca Cola Headquarters in ~21m 6
Upperhill
23. | CBA Building ~21m 6
24. | NHIF building ~24m 7
25. | UAP towers upperhill 163m 33 uncomplete
26. | Shelter Afrique house ~24m 7
27. | Capital hill towers ~51m 16
28. | CIC plaza ~24m 7
29. | Corporate place ~36m 11
30. | Kasneb towers ~45m 14
31. | Kusco centre 30m 7
32. | Maji house ~27m 8
33. | Nairobi hospice ~57m 18
34. | Nachu house ~48m 15
WESTLANDS HIGHRISE OFFICE BUILDINGS
Building Height | Floors Year
1. Delta Corner South Tower ~61 m 18 2012
2. Delta Corner North Tower ~61 m 18 2012
3. | ABC Place ~41 m 12 2013
4. Purshottam Park ~31 m 9 2007
5. | The Citadel ~31 m 9 2007
6. | Unga house ~27m 8
7. | West end towers ~33m 10
8. | ICEALION suites 25m 6
9. | AACC building 25m 6
10. | ABC bank house ~27m 8
11. | AIG Building ~27m 8
12. | Avocado towers ~18m 5
13. | Bandari plaza ~42m 13
14. | Capital west ~24m 7
15. | Centro house ~21m 6
16. | CFC centre ~27m 8
17. | Chiromo point ~24m 7
18. | Eden square ~27m 8
19. | Fedha plaza ~33m 10
20. | Fuji plaza ~33m 10
21. | Lions place ~20m 6
22. | Lion’s place annexe 20m 6
23. | Mpaka plaza ~24m 7
24. | Office park ~21m 6
25. | Ojijo plaza ~30m 9
26. | Pan- Africa insurance ~57m 18
27. | Parklands office plaza ~30m 9
28. | Sky park ~33m 10
29. | The address ~42m 13
30. | Unga house ~36m 11
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http://www.emporis.com/buildings/288067/mebank-tower-nairobi-kenya
http://www.emporis.com/buildings/1204373/delta-corner-south-tower-nairobi-kenya
http://www.emporis.com/buildings/1204372/delta-corner-north-tower-nairobi-kenya
http://www.emporis.com/buildings/1204371/abc-place-nairobi-kenya
http://www.emporis.com/buildings/288099/purushottam-park-nairobi-kenya
http://www.emporis.com/buildings/288034/the-citadel-nairobi-kenya

31. | Victoria towers ~30m
32. | Westlands commercial house ~24m
33. | 9west ~36m 1
34. | Safaricom/Caribon LTD 01 28m
35. | Safaricom/Caribon LTD 02 28m
36. | Barclays Plaza westlands 28m
37. | Westend towers 50m 1

(I ENIEN] EN] I SN PN %)

Appendix I1I: Data entry score sheet

BUILDI ECO WATER MATERIAL ENER INDOOR EMISSI INNOVA TRANSPOR MANAGE AGGREG STAR ENERGY NAME
NG LOG EFFICIE RESOURCE GY ENVIRONM ONS TION T MENT ATE RATING CONSUMPT
Y NCY CONSERVA ENTAL AIR ION
TION QUALITY
NUMB 5% 10% 14% 20% 18% 11% 4% 9% 9% 100% (KWh/M‘/Mo
ER nth)
CBD HIGHRISE OFFICE BUILDINGS
1 3 4 9.5 8.6 10 55 0 0 6.75 47.35 4 Star 3.64 | CARDINAL
OTUNGA
PLAZA
2 3.5 33 7.6 8.6 10 55 0 0 6.75 45.25 4 star 542 | KEMU
TOWERS
3 3 33 8.2 12.9 10 55 0 0 45 47.4 4 star 4.56 | ELECTRICITY
HOUSE
4 2 33 8.9 12.9 14 4.1 2 4.5 45 56.2 3.13 | ECOBANK
TOWERS
5 2.5 33 8.9 8.6 8 4.1 0 0 6.75 42.15 3 Star 3.28 | CORNER
HOUSE
6 3 3.7 8 8.6 10 5.5 0 0 4.5 43.3 3 Star 419 SONALAUX
BUILDING
7 3.5 37 8.2 8.6 8 55 0 45 6.75 49 4 Star 3.2 | DEVELOPMEN
T HOUSE
8 3.5 3.3 7.6 11.4 10 55 4 0 45 49.8 4 Star 3.72 | REINSURANC
PLAZA NRB
9 35 2.7 8.2 8.6 10 55 0 0 6.75 45.25 4 Star 57 | ANNIVERSAR
Y TOWERS
10 3 53 8.9 11.4 10 55 0 0 2.25 46.35 4 star 5.9 | PRUDENTIAL
BUILDING
n 3 4 8.9 8.6 8 55 0 0 45 425 3 Star 9.61 STANDARD
BUILDING
12 3.5 4 8.9 8.6 10 5.5 0 9 225 51.75 4 Star 6.2 REHEMA
HOUSE
13 3 3 9.8 8.6 6 55 0 9 6.75 51.65 4 Star 4.95 | CHESTER
HOUSE
14 3.5 37 8.9 8.6 8 55 0 0 6.75 44.95 4 Star 4.49 | STANBANK
HOUSE
15 35 33 8.9 8.6 B) 0 0 0 675 4315 3 Star 8.33 | COMMERCE
HOUSE
16 3.5 33 9.8 57 8 4.1 0 0 2.25 36.65 3 Star 6.59 | HAZINA
TOWERS
17 2 3.3 8.9 57 8 55 0 4.5 9 46.9 4 Star 4.2 | REVION
PLAZA
18 2 4 7.6 8.6 10 4.1 0 0 6.75 43.05 3 Star 5.56 | VETERAN
HOUSE
19 2 3.7 8.9 57 10 4.1 0 0 225 36.65 3 Star 13.8 KITAMU
HOUSE
20 2 33 8.2 57 10 55 0 0 6.75 41.45 3 Star 8.21 NORWICH
UNION
TOWERS
21 3.5 4 8.9 8.6 10 55 0 0 45 45 4 Star 3.53 | PHOENIX
HOUSE
22 2 37 8.2 11.4 10 55 0 0 6.75 47.55 4 Star 6.05 | KCS
BUILDING
23 2 33 8.2 8.6 2 55 2 0 6.75 38.35 3 Star 7.91 LONRHO
HOUSE
24 2 4 8.2 5.6 4 1.5 0 0 1.5 26.8 2 Star 12.25 QUEENSWAY
HOUSE
25 35 4 8.9 11.4 10 55 2 0 45 49.8 4 Star 3.532 | UCHUMI
HOUSE
26 2 33 9.2 11.4 10 55 0 0 45 45.9 4 Star 2.53 | LYRIC HOUSE
27 2 4 8.2 8.6 8 0 0 6.75 37.55 3 Star 5.18 20TH
CENTURY
PLAZA
28 2 3.3 7.6 57 8 5.5 0 0 5.5 36.6 23 Star 9.88 CONTRUST
HOUSE
WESTLANDS HIGHRISE OFFICE BUILDINGS
1 3.5 37 8.9 8.6 10 55 2 4.5 45 51.2 4 Star 52 | PROSPERITY
HOUSE
2 2 4 8.9 8.6 10 55 0 0 6.75 4575 4 Star 532 | ROYAL
OFFICES
3 3 37 9.5 8.6 10 55 2 0 45 46.8 4 Star 4.8 | THE CITADEL
4 3 4 8.2 8.6 10 55 0 0 45 43.8 3 Star 6.14 | KRISHNA
CENTRE
5 3 37 9.2 8.6 12 4.1 0 0 45 45.4 4 Star 5.43 | PARKLANDS
PLAZA
6 15 33 8.2 57 6 55 2 4.5 45 41.2 3 Star 6.75 | TRV PLAZA
7 2 3.3 8.6 8.6 6 0 0o 4.5 33.2 3 Star 9.32 FORTIS
TOWER
UPPERHILL HIGHRISE OFFICE BUILDINGS
1 4 37 8.6 8.6 6 55 2 4.5 45 47.5 4 Star 7.14 | NHIF
2 3.5 4 7.6 57 4 4.1 0 0 1.5 29.8 2 Star 15.52 | BLUE SHIELD
TOWERS
3 3.5 57 10.8 14.2 14 6.9 2 45 45 66.1 5 Star 1.93 | COCAcCOLA
HEADQUARTE
RS
4 2 4 8.9 - 12 55 0 9 6.75 39.15 3 Star 9.7 | KMA CENTRE
5 3 4 8.9 7.1 10 55 0 0 6.75 45.25 4 Star 5.06 | SHELTER
AFRIQUE
6 3 4 9.2 7.1 8 55 0 0 6.75 43.55 3 Star 10.5 | KENYA-RE
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