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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
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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 CO2) 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 CO2 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  CO2 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 CO2 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 CO2 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 

http://www.iea.org/index.asp
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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.  
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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 
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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  
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H1: There is a significant presence of green high-rise office buildings in 

Nairobi 

H0: The building services in high-rise office buildings in Nairobi do not affect 

variations in energy consumptions 

H1: Building services significantly affect energy variations in high-rise office 

buildings in Nairobi. 

H0: There is no difference in energy consumption by building Architecture 

H1: 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 
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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.  
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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. 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Renewable_resource
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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 

 

 

Source: Hosseini et al (2013) 

 

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  

 

Source:  Adopted and modified from Barley D. et al, (2005) 
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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-eastern 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
2
 (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 

Source:  Modified from Survey maps of Kenya, (2015) 
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Figure 1.2:  Map of Nairobi's Westlands, Upperhill and CBD (the study areas) 

 

Source:  Modified from Survey maps of Kenya, (2015) 
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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 II). 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, 

2











d

zs
n , 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 II 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 
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Total 139 37 34 210 

Source: Research, (2015) 

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

X F FX X
2
 FX

2
 

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 = ∑fx
2
/N  -  ẋ

2  
=  (38205/210 - 2545/210) = 35660/210 

σ
2
 = 169.81 

 

Standard deviation  =  square roof of 169.81  =  13.03 

 n  = [(1.96 x 13.03)/4]
2 

 n  = [(25.5)/4]
2
 = (6.4)

2
 

 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 

number of questionnaires given was determined by the formula, 

2











d

zs
n

, 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% 

ix. 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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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. 

 

Source: Research, (2015) 

 

 

Trees and shrubs are an important part of urban environments. In addition to 

aesthetic values, they reduce the need for air-conditioning and the use of fossil 

Type of 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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

Source: Research, (2015) 

 

Source: Research, (2015) 

 

 

Building orientation 
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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. 

 

Source: Research, (2015) Tap operation system 
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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. 

 

Source: Research, (2015) Lighting fitting type 
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Figure 3.4:  A Pie chart showing the type of ventilation used in the studied 

buildings 

 

 

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 

 

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. 

 

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. 

 

Source: Research, (2015) 

 

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. 

 

Source: Research, (2015) 

 

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 

 

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. Land use and ecology - 5% 

xi. water efficiency - 10% 

xii. Resource utilization  - 14% 

xiii. Energy use - 20% 

xiv. Indoor Environmental quality - 18% 

xv. Emissions - 11% 

xvi. Innovation - 4% 

xvii. Transport - 9% 

xviii. 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 

 

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
2
/month) was 

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

in the graph below. 

 

  

 

 

Star rating 
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Figure 4.12:  A graph showing the average energy consumption for the various star 

rated buildings 

 

Source: Research, (2015) 

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. 

 

 

 

 

 

Average Energy Consumption 
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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 Ho  if  X
2   
 3.841 

X
2 
=            (0-E)

2 

                       
E 

X
2 
 = (23-12.6)

2 
  + (19-29.4)

2 

         12.6                    29.4 

X
2  

= 12.26 

12.26    3.841 

 

Therefore the study rejected H0  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 

(kWh/m
2/

month) 

Energy consumption in 

Non Green buildings 

(kWh/m
2/

month) 

                          

O 

3.33 10.62 

E                    1.5 6 

 

Source: Research, (2015) 

df=K-1=2-1=1 

At 95%confidence level 

Reject H0  if  X
2 
 3.841 

X
2 
=            (0-E)

2 

                       
E 

X
2 
=      ( 3.33-  1.5) 

2     
   + (10.62  - 6)

2 

             1.5                              6 

2.2326 + 3.5574 

=5.79 

5.79  3.841 

Therefore the study rejected H0  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
2
/month, three star buildings averaging 7.35 kWh/m

2
/month, 4 star 

buildings averaging 4.73 kWh/m
2
/month and the only five star rated building 

consuming 1.93 kWh/m
2
/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) 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. 

 

b) The building services significantly affect energy variations in high-rise 

office buildings in Nairobi are lighting and energy use by office 

equipment. 

 

c) Green buildings consume less energy per unit floor area as compared 

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

 

d) 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) 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. 

 

b) 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) Educating the property managers and office space users on the need to 

use efficient LED lighting fixtures and use of energy efficient office 

equipment. 

 

d) Training and regular sensitization of the occupants of the office 

buildings on energy use conscious behaviour so as to cut on this 

unnecessary wastage. 

 

e) 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. 
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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 

I 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 I 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.............................

..... 

Property 

Agent.................................................................. 

 

Building 

Name....................................... 

 

No of Storeys and total floor area 

(m2)............................................................................. 
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Name of the Architect who 

designed and supervised the 

building...................................

..... 

The year in which the building construction was 

completed...................................................................

....... 

 

The name of the 

contractor.............................................. 

 

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

 

Land use and ecology 

1. Physical/ geographical location of the building? 

.........................................................................................................................................

.....  

.........................................................................................................................................

..... 

What is the type of soil on which the building stands on 

.........................................................................................................................................

.........................................................................................................................................

.......... 

2. Is there any vegetation within the building's compound? 

Yes  [1] 

No  [2] 

 

3. If Yes in 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)      ............................................ 
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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. Is there 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 yes in (4) above, which system of recycling is used 

.........................................................................................................................................



80 
 
 

.........................................................................................................................................

..........  

7. What is use of the recycled water? 

.........................................................................................................................................

.........................................................................................................................................

.......... 

8. How is the storm water within the building compound managed ? 

.........................................................................................................................................

........................................................................................................................................ 

9. Is there 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 

...................................................................................................................................

... Roof-cover 

...................................................................................................................................

. 
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b) External walls 

Main walls 

.................................................................................................................................. 

Windows 

.................................................................................................................................. 

Doors 

.................................................................................................................................. 

Type of external wall finish(es) 

...................................................................................................................................

..... 

 

c) Internal walls 

Partition walls 

...................................................................................................................................

.....Internal doors 

...................................................................................................................................

..... 

Type of wall finish(es) 

...................................................................................................................................

..... 

 

d) Floor  

Type of floor 

...................................................................................................................................

.....Type of floor finish(es) 

...................................................................................................................................

..... 

 

ENERGY EFFICIENCY 

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

.........................................................................................................................................

.......... 

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........................................... 

 

5. What type of lighting switches do you use? 

Wall switches    [1] 

Light dependent resistor switches [2] 



83 
 
 

Infra-red Sensors   [3] 

Other                                                    [4]     specify........................................... 

 

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

kWh............................................. 

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]    

specify............................ 
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Human/User Comfort 

1. Are you able to work during the day with your lights off? 

Yes   [1] 

No  [2] 

2. If no in (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........................................... 

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. Is there any innovative way(s) the building is designed to conserve energy 

Yes [1] 

No [2] 

 

If Yes in (1) above, specify 

...................................................................................................................................

...................................................................................................................................

.......... 

Transport 

1. Is there any alternative means of transporting workers to and from work without 

using private cars 

Yes [1] 

No [2] 

 

2. If Yes in (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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3. Are there any clauses in your lease agreement that are meant sensitize the 

building users on sustainable energy consumption practices? 

Yes [1] 

No [2] 

 

4. If yes in (4) above, specify .................................................................................. 

 

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 

Centre 

105 m 32 1974 

3.  I & 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 82 m 21 1976 

7.  Anniversary Towers 80 m 26 1992 

8.  Lonrho House 80 m 22 1990 

9.  Reinsurance Plaza 77 m 20 1982 

10.  Uchumi House 71 m 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 45 m 13 1973 

17.  Office Of The President 43 m 14 1967 

18.  NHC House 40 m 13 1975 

19.  Harambee House 40 m 12 1962 

20.  Development House, West Tower 39 m 12 1972 

21.  KCS House 38 m 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 ≈61 m 18 - 

33.  Finance House ≈58 m 17 - 

34.  Nation Centre ≈58 m 17 1997 

35.  Bruce House ≈51 m 15 - 

36.  Barclays Plaza ≈51 m 15 - 

37.  Ufundi Cooperative Plaza ≈47 m 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 ≈41 m 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 - 

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
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49.  Norwich Union Towers ≈31 m 9 - 

50.  Kenya University Methodist 

Building 

≈27 m 8 - 

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. k 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  

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
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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. p 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 ≈41 m 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 

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
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16.  Mebank Tower ≈20 m 6 2000 

17.  Kenya Re towers 42m  13  

18.  Afya house 37m 9  

19.  World bank offices/ Formerly 

delta centre 

70m 21  

20.  Khushee Towers (ADB) 40m 14  

21.  Citi bank building ≈24m 7  

22.  Coca Cola Headquarters in 

Upperhill 

≈21m 6  

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.  ICEA LION  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  

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
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31.  Victoria towers  ≈30m 9  

32.  Westlands commercial house ≈24m 7  

33.  9west ≈36m 11  

34.  Safaricom/Caribon LTD 01 28m 7  

35.  Safaricom/Caribon LTD 02 28m 7  

36.  Barclays Plaza westlands 28m 7  

37.  Westend towers  50m 12  

 

Appendix III: Data entry score sheet 
BUILDI

NG 

ECO

LOG

Y 

WATER 

EFFICIE

NCY 

MATERIAL 

RESOURCE 

CONSERVA

TION 

ENER

GY 

INDOOR 

ENVIRONM

ENTAL AIR 

QUALITY 

EMISSI

ONS 

INNOVA

TION 

TRANSPOR

T 

MANAGE

MENT 

AGGREG

ATE 

STAR 

RATING 

ENERGY 

CONSUMPT

ION 

NAME 

NUMB

ER 

5% 10% 14% 20% 18% 11% 4% 9% 9% 100% (kWh/M
2
/Mo

nth) 

CBD HIGHRISE OFFICE BUILDINGS 

1 3 4 9.5 8.6 10 5.5 0 0 6.75 47.35 4 Star 3.64 CARDINAL 
OTUNGA 
PLAZA 

2 3.5 3.3 7.6 8.6 10 5.5 0 0 6.75 45.25 4 star 5.42 KEMU 
TOWERS 

3 3 3.3 8.2 12.9 10 5.5 0 0 4.5 47.4 4 star 4.56 ELECTRICITY 
HOUSE 

4 2 3.3 8.9 12.9 14 4.1 2 4.5 4.5 56.2   3.13 ECO BANK 
TOWERS 

5 2.5 3.3 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 4.19 SONALAUX 
BUILDING 

7 3.5 3.7 8.2 8.6 8 5.5 0 4.5 6.75 49 4 Star 3.2 DEVELOPMEN
T HOUSE 

8 3.5 3.3 7.6 11.4 10 5.5 4 0 4.5 49.8 4 Star 3.72 REINSURANC 
PLAZA NRB 

9 3.5 2.7 8.2 8.6 10 5.5 0 0 6.75 45.25 4 Star 5.7 ANNIVERSAR
Y TOWERS 

10 3 5.3 8.9 11.4 10 5.5 0 0 2.25 46.35 4 star 5.9 PRUDENTIAL 
BUILDING 

11 3 4 8.9 8.6 8 5.5 0 0 4.5 42.5 3 Star 9.61 STANDARD 
BUILDING 

12 3.5 4 8.9 8.6 10 5.5 0 9 2.25 51.75 4 Star 6.2 REHEMA 
HOUSE 

13 3 3 9.8 8.6 6 5.5 0 9 6.75 51.65 4 Star 4.95 CHESTER 
HOUSE 

14 3.5 3.7 8.9 8.6 8 5.5 0 0 6.75 44.95 4 Star 4.49 STANBANK 
HOUSE 

15 3.5 3.3 8.9 8.6 8 4.1 0 0 6.75 43.15 3 Star 8.33 COMMERCE  
HOUSE 

16 3.5 3.3 9.8 5.7 8 4.1 0 0 2.25 36.65 3 Star 6.59 HAZINA 
TOWERS 

17 2 3.3 8.9 5.7 8 5.5 0 4.5 9 46.9 4 Star 4.2 REVLON 
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 5.7 10 4.1 0 0 2.25 36.65 3 Star 13.8 KITAMU 
HOUSE 

20 2 3.3 8.2 5.7 10 5.5 0 0 6.75 41.45 3 Star 8.21 NORWICH 
UNION 
TOWERS 

21 3.5 4 8.9 8.6 10 5.5 0 0 4.5 45 4 Star 3.53 PHOENIX 
HOUSE 

22 2 3.7 8.2 11.4 10 5.5 0 0 6.75 47.55 4 Star 6.05 KCS 
BUILDING 

23 2 3.3 8.2 8.6 2 5.5 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 3.5 4 8.9 11.4 10 5.5 2 0 4.5 49.8 4 Star 3.532 UCHUMI 
HOUSE 

26 2 3.3 9.2 11.4 10 5.5 0 0 4.5 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 5.7 8 5.5 0 0 5.5 36.6 23 Star 9.88 CONTRUST 

HOUSE 
WESTLANDS HIGHRISE OFFICE BUILDINGS 

1 3.5 3.7 8.9 8.6 10 5.5 2 4.5 4.5 51.2 4 Star 5.2 PROSPERITY 
HOUSE 

2 2 4 8.9 8.6 10 5.5 0 0 6.75 45.75 4 Star 5.32 ROYAL 
OFFICES 

3 3 3.7 9.5 8.6 10 5.5 2 0 4.5 46.8 4 Star 4.8 THE CITADEL 

4 3 4 8.2 8.6 10 5.5 0 0 4.5 43.8 3 Star 6.14 KRISHNA 
CENTRE 

5 3 3.7 9.2 8.6 12 4.1 0 0 4.5 45.4 4 Star 5.43 PARKLANDS 
PLAZA 

6 1.5 3.3 8.2 5.7 6 5.5 2 4.5 4.5 41.2 3 Star 6.75 TRV PLAZA 

7 2 3.3 8.6 8.6 6   0 0 4.5 33.2 3 Star 9.32 FORTIS 
TOWER 

UPPERHILL HIGHRISE OFFICE BUILDINGS 

1 4 3.7 8.6 8.6 6 5.5 2 4.5 4.5 47.5 4 Star 7.14 NHIF 

2 3.5 4 7.6 5.7 4 4.1 0 0 1.5 29.8 2 Star 15.52 BLUE SHIELD 
TOWERS 

3 3.5 5.7 10.8 14.2 14 6.9 2 4.5 4.5 66.1 5 Star 1.93 COCA COLA 
HEADQUARTE
RS 

4 2 4 8.9 - 12 5.5 0 9 6.75 39.15 3 Star 9.7 KMA CENTRE 

5 3 4 8.9 7.1 10 5.5 0 0 6.75 45.25 4 Star 5.06 SHELTER 
AFRIQUE 

6 3 4 9.2 7.1 8 5.5 0 0 6.75 43.55 3 Star 10.5 KENYA-RE 
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TOWERS 

7 3 4 8.9 8.6 9 5.5 4 0 9 52 4 Star 3.663 ACK GARDEN 
ANNEX 

 

 

 

 

 


