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Abstract  

The escalation of challenges facing housing in maintaining energy and environmental sustainability 

continues to be a concern in developing and developed countries. Office buildings are very energy 

intensive with about 65% of the total consumption from; lighting, heating and cooling systems. 

Therefore these are the best targets for energy savings.   

The objective of this study was to evaluate energy and environment conservation measures for an office 

building in the East African region. This study was conducted on a four story structure located in 

Kampala, Uganda which has been in use since 2002. Relevant data was collected through; site climatic 

data, interaction with the building’s technical team and review of the building drawings.  

A base case model for the existing building was then modeled using the Design Builder V2.3 software. 

The different feasible energy and environmental conservation measures (EECM) were evaluated using 

the Design Builder V2.3 software. The EECMs were found to be either of no cost, low cost or high cost. It 

was revealed that for the building understudy, up to 23.4% could be saved on energy and carbon dioxide 

production into the atmosphere annually.  The EECMs can also be applied to future similar projects to 

conserve Energy and Environment in the wet and dry tropical climates. 

Key Words: Energy conservation, office building, Design Builder, Environmental conservation 
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 Chapter One: Introduction 

1.1 Background 

Population growth and Urbanization will always pose enormous demands for ample and affordable 

shelter which should also be sustainable. These demands are majorly evidenced in quite a number 

of developing countries today like in Africa, Asia, Latin America and some parts of Europe.  

Uganda’s Population growth of 3.2 per cent is reported to be amongst the highest in the world 

(UBOS, 2008). In addition to the shelter demands, the growing population has imposed pressures on 

Land, water, forests and the biological resources. The large population will require services which 

may include; Housing, energy, and transport among others and yet these services are obtained 

through direct utilization of the natural resources (NEMA, 2008) 

Unfortunately, the urban growth is synonymous with slum and informal settlements. The global 

scientific fraternity has raised concerns of global warming and climate change over the past 

decades; this is attributed mainly to human activities and energy consumption within the building 

sector which contribute about 40 % of all energy consumption and anthropogenic greenhouse 

emissions around the world (UN Habitat, 2009).  

Furthermore Uganda’s infrastructural development is on the rise due to the high industrial 

development rate of approximately 8.9 % per annum. As a result structures are being constructed to 

meet the operational demands for the emerging Industries. These structures may be intended for: 

Office Buildings, Factories, Schools, and Homes among others. The buildings in place for the purpose 

and those being erected don’t seem to be concerned about sustainability. There is need to adapt to 

friendly structures that will reduce the negative impact on the environment. 

1.2 Problem Statement 

      Uganda’s current high infrastructural growth rate has posed a lot of pressure to the land resource to 

meet housing demands for the growing population. It is important to note that the challenges facing 

housing in maintaining environmental sustainability is not limited to developing countries. It is 

actually a global challenge because there is a lack of capacity, knowledge transfer and institutional 

and regulatory support for mainstreaming sustainability measures within housing projects and 

programmes. Office buildings are  very energy intensive where the heating, cooling, fans, pumps, 

DHW demands consume approximately 65% of the total energy usage for office buildings (Arias, 

2011).Therefore these systems are the best targets for energy savings.  According to the Commercial 

Energy Auditor (Commercial Energy Auditor, 2006) about 19 per cent of total expenditures for 
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atypical office building is spent on energy. From Mwenda (Mwenda, 2012) the cost of electricity in 

Uganda has increased up to 40 percent making it even more expensive to run office buildings. In 

case of load shedding which has become popular, there’re stand-by generators which use either 

diesel or petrol. BUT these are neither sustainable nor environmentally friendly options because of 

the emissions from the combustion coupled with the fuel prices.  

 Furthermore, the buildings in place for the purpose and those being erected don’t seem to be 

concerned about sustainability. There is need to adapt to friendly structures that will reduce the 

negative impact on the environment .i.e. “Green Buildings” 

1.3 Research Objectives 

1.3.1 Main objective 

The main objective of the study was to Evaluate Energy and Environment conservation measures for 

an office Building  

1.3.2 Specific Objectives 

The specific objectives of the study are: 

a) Site weather characteristics of the office building. 

b) Base line survey and Model development. The quasi-steady state model of the office 

building. 

c) Simulation of the building energy requirements. 

d) Economic analysis of the different energy conservation measures. 

1.4 Scope 

The selected building was the NEMA (National Environmental Management Authority) House which 

is located in Kampala district the capital city of Uganda. The building is an office building for the 

NEMA staff and officials for the Uganda central region. 

This building was selected because NEMA is the Environment protection body for the country, 

therefore analysis of this building and Identifying possible Energy and Environment conservation 

opportunities in this office building will be used as a model for the other structures. 

 So this will ease the implementation even in other buildings that will require the “NEMA” approval 

and certification for the region. The study focused on the cooling and heating load requirements of 

the office building as a bench mark for analysis 
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Chapter Two: Literature  

2.1 Introduction  

This chapter covers the various technologies whose intent is to conserve the energy and environment 

for commercial office buildings.  It presents the possible energy saving measures solely focusing on 

sustainability. 

2.2 Office Building Definition 

An office building is a structure whose primary function is to conduct business like administration, 

consultancy and clerical services. These structures are normally managed and owned either by the 

government or private sector. Due to the nature of operations in office buildings, there is a significant 

amount of energy required to create a comfortable environment for the occupants. This energy might 

require for; Lighting, Heating or cooling, Transportation, office equipment like computers, printers, 

copiers and fax machines. 

2.3 Office Building Energy consumption 

The nature of Energy utilization in atypical office building is characterized by various components which 

may include; Air conditioning system, ventilation system, the vertical transportation system, artificial 

lighting system and the office equipment. According to Mohammad (Mohammad, 2010) approximately 

20 to 25 percent of power consumed in commercial building is taken to waste due to the inefficient 

design parameters of buildings. 

 
 
The annual building energy consumption has linear relationship with the building gross floor area (GFA). 

However it was further by noted that other building parameters like the building age, building height, 

occupancy rate didn’t show significant conclusive correlation with the building energy consumption. (Cui 

Qi, 2006) 

2.4 HVAC system for atypical office building  

HVAC is an acronym for Heating, Ventilation and Air conditioning. This is a technology which provides 

thermal comfort and acceptable indoor air quality with minimal installation, operation and maintenance 

costs. 
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An Indoor climate can be Heat by addition of heat energy into the air within a space. For example by 

means of supply air systems, fin-tube heat exchangers. The occupants can also be heat directly by 

means of radiation from ceiling, floor, wall or panels.  

Ventilation aids in the replenishment of air in the occupied zone by removing odors, moisture, heat, 

carbon dioxide among other foreign components that affect indoor air quality. Ventilation is of two 

types, namely; Mechanical (forced) and Natural ventilation.  Ventilation is achieved by means of 

mechanical systems like fans and ducting in the former whereas in the latter, air circulation is achieved 

freely through openings like windows and vents.  It’s important to note that it’s rather not possible to 

maintain thermal comfort solely by means of natural ventilation for complex structures, therefore 

there’s need for conventional air conditioning as a backup measure. 

According to Graham (Graham, 2009) Air-conditioning is a combination of sensible and latent cooling of 

air where the air temperature and humidity are controlled. Cooling the zone air can be achieved by 

transfer of the heat between the spaces using “a water loop heat pump system.” The zone can also be 

cooled by rejecting the heat to the outdoor climate by means of air-cooled or water cooled equipment. 

Humidification by evaporation can also aid is cooling of air especially in the dry climates where it’s 

required. Radiant cooling systems similar to radiant heating systems can be employed in these climates. 

The water chilled systems are being adapted more rapidly because they are cost effective and there 

hazardous risk associated with piping of refrigerant all over the building 

2.5 Sustainable Energy and Environment conservation measures or technologies for a building  

These are technologies which meet the energy demands of the building without compromising the 

future generation by depleting the environment where naturally occurring resources like solar energy 

and wind are utilized. This option has enormous benefits of; reducing amount of Green House gasses 

into the atmosphere, energy costs reduction, improved indoor climate at minimal running costs, and 

improved productivity of the occupants among others.  The important aspects to consider for proper 

conservation of energy in any building may include: 

 Proper layout and orientation of building 

 Appropriate shape and insulation 

 High thermal Capacity of building materials 
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 Proper shading 

 External surface finish 

It is very important to put into consideration all these factors at the design stage of the building to 

minimize the operational energy costs. 

2.5.1 Orientation of building 

Building orientation means facing the building to as to utilize the benefit of its surroundings to capture 

the best scenic view. However, from Gromiko, (Gromicko, 2012) buildings can be oriented so as to 

capitalize on the sun’s free energy which can increase building indoor comfort and reduce energy costs 

2.5.1.1 The suns true position.   

It’s a common belief that the sun rises from the east and sets in west but the reality is this only happens 

on the autumnal and vernal equinoxes. Therefore during the other 363 days of the year the sun take a 

different path.  The sun rises and sets slightly south of east and winter and slightly North of east and 

west in summer because of the Earth’s tilt.   According to Lee Jin You (Lee Jin You, et.al, 2012) the Earth 

rotates about on a fixed plane which is tilted 23.5° with respect to its vertical axis around the sun. 

 For this reason the sun stays in the southern sky and northern sky during the winter and summer 

respectively whereas in the southern hemisphere, the sun rises and sets in the north east and northwest 

respectively in winter.  Then during the summer it rises and sets in the southeast and southwest, 

respectively.  Therefore the suns position is not constant; it changes depending on the day of the year 

and the latitude of the observer. As seen in figure 1, the suns path varies for example at the 40  ͦlatitude 

the sun rises  from the east during the equinox whereas it rises due south east or north east during the 

solstices. Also at the 65 ͦ latitude the sun raises more to the south of East and more to the north of east 

during the winter and summer solstice respectively (Lee Jin You, et .al, 2012). 
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Figure 1: illustration for the sun’s varying paths (source: lee Jin you, et.al, 2012) 
The sun can be utilized as a light source or heat source depending on the suns position at a given time of 

the day. During the preliminary design stage it’s important to place the building in such away where the 

benefit of day lighting, energy conservation and shading can be exploited. 

2.5.2 Shading  

Shading is one of the passive cooling methods where the sun rays are blocked before they emerge into 

the buildings environment in order to minimize the incident solar radiation.  This in effect cools the 

building thus positively impacting the building energy performance. Peak cooling load can significantly 

be reduced realizing energy savings of about 10 to 40 percent (Mohammad, 2010).  In effect the 

operating hours of the Air Handling units will be reduced therefore reducing on the maintenance costs 

and energy consumed.  

Studies by (Kumar et.al 2005) show that indoor temperatures can be reduced by about 2.5 to 4.5 OC if 

solar shading is used; a further room temperature reduction of up to 6.8 oC can be achieved with 

insulation. Below are ways in which Shading can be achieved in a building;  

2.5.2.1 Shading by devices 

Shading can be achieved by devices which can either be a part of the building or not part placed 

separately from the building facade. Examples of shading devices include;   Louvers, Overhangs, Awnings 

among others. It is very important to put into consideration the solar orientation when designing and 

selecting a suitable shading device. Fixed overhangs are very effective for windows facing south because 

of the high solar angles and yet they are very ineffective on low afternoon sun for the windows facing 

west (Mohammad, 2010). Furthermore, the horizontal orientation of the shading device is more 
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efficient than all the other orientations and below are some of the design recommendations that were 

drawn, 

 The orientation and the sun angles should be analyzed critically as basis for selecting an 

appropriate shading device 

 Movable blinds work very well in the hot and dry climates where heat gains are caused by hot 

ambient air. For effective blocking of radiations in composite climates, the blinds should be 

highly reflective and colored. See figure 2. 

 

Figure 2: illustration for a movable blind (Design Builder, 2013) 
 The external appearance of the building is also a key factor to consider when selecting the 

shading device. 

 The reflective capacity is an important factor to consider for internal shading devices. It should 

be able to reflect the short waves back out through the window; otherwise the sunlight will be 

converted into heat inside in the building envelope. 
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Figure 3: Illustration for overhang, louvers and sidefins (Design Builder, 2013)  
 

 2.5.2.2 Vegetation Shading  

The surrounding air temperatures can be reduced by trees, shrubs through the process of 

evapotranspiration where they loss water vapor to the atmosphere. The sun rays can be effectively 

blocked by trees with heavy Foliage since a dense shade is cooler than filtered sun rays. Creeping Plants 

which can stick onto the walls of building such the Jasmine and the English Ivy can provide both shading 

and insulation.  

2.5.2.3 Roof Shading  

This can be achieved by externally covering the Roof surface with mass to reduce heat gain. Examples of 

mass that can be used include; concrete, plants, canvas sheeting, Earth. There is a limitation of this 

method is no allowance for heat transfer to atmosphere at night. On addition to this, the roof cannot be 

used for any other purpose and it’s tedious to maintain. 

2.5.3 Increase day lighting 

Day lighting is where by natural day light is utilized for internal illumination of a built environment 

through openings like windows, Doors and reflective surfaces. Therefore energy saving is realized since 

the use of artificial lighting energy is reduced especially during the day. With the day lighting fewer 

electric lights are installed, automatic dimming or switching lights whose operation depends on the 

illumination can also be used.  
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2.5.4 Green Roof Technologies 

With this type of technology, the roof is constructed using vegetation on the outer layer. The roof 

receives water for an irrigation system. These roofs are also called sometimes called Eco roofs or 

vegetative roofs. Using Energy plus, the roof capability to reduce energy consumption with the various 

options like soil type, irrigation options and plant type. The aspects below are put into considering when 

modeling a green roof;  

 The soil layer heat conduction 

 The radioactive exchange of Long  and short wave within the plant canopy 

 The Plant and soil Evapotranspiration  

 The moisture balance which allows precipitation, irrigation, and moisture transport between 

two soil layers  

 According to Frankenstein and Koenig , 2004, the energy balance between the plant canopy and 

soil  based on the Army Corps of Engineers’ FASST vegetation models  

 

Where; the Pc represents the precipitation heat, Hc and Lc represent the turbulent heat fluxes, Ic is the 

shortwave radiation flux, the terms εc , ɑc , and Ac  are the canopy emissivity, shortwave and long wave 

absorption coefficients. I ir (W/m2) is the incoming long wave radiation, I s (W/m2) is the incoming 

shortwave (solar) radiation, T c (K) is the temperature of the canopy layer, σ is the Stefan-Boltzmann 

constant (5.699×10–8 W/m2·K4), and Sij is the long wave transfer matrix between sink layer i and source 

layer j. The figure below illustrates the canopy model. 
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Figure 4: Illustration for the source and sink layers for the canopy  
Although there is growing interest in the green root technologies, there is some resistance in applying it 

widely (FEMP, 2004).  One of the major barriers is the lack of standards and guidelines to establish the 

structure and the load requirements and also the design and installation of a green roof. The green roofs 

are also associated with persistent leaks because of water proofing failure which may mandate very 

expensive repairs, high cost of removal and reinstalling of the vegetation. 

2.5.5 Variable Air Volume (VAV)  

The VAV system is a type of heating, ventilating, and air-conditioning (HVAC) system where the air flow 

varies to meet fluctuating heat gains and losses within a given thermal Zone. These systems have 

advantage of controlling the fan capacity which reduces the system fan energy consumption which is 

sound element of the total cooling energy requirements for a building. Furthermore, there is greater 

dehumidification with VAV systems than with the Constant Volume system (CAV). This aids in regulating 

the temperature of discharge air to attain part load cooling capacity (Tao, et.al, 2011) 

2.5.6 Wall Insulation 

This is where materials or devices are used on the outer surface of walls to prevent flow of 

conduction of heat. Poor conductors of heat are used for this purpose which may include; feathers, fiber 

glass, stone, wool, wood, and cellulose fiber. Insulation can also be achieved by double skin walls with 

air lining since air is also a poor conductor of heat. 

The factors below should be put into consideration when selecting insulation material; 

 material’s flammability 

  acoustic properties 

 Hygroscopic properties 

 environmental credentials 

 thermal performance of the product within the construction context 
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 Thermal 
According Energy saving trust, 2010 the important Thermal properties of insulation construction are; 

Thermal Conductivity (ʎ or K-Value), Thermal Resistance (R-Value) and Thermal transmittance (U-Value). 

Thermal conductivity is the measure of the ease of heat flow through a given material and is 

independent of material thickness. The lower the ʎ value the better the thermal performance. Thermal 

resistance is the measure of how much heat loss if reduced through a given material thickness. 

Mathematically thermal resistance is expressed as;  where l is length (meters) and ʎ is 

the thermal resistance (W/m-K). Units for R value are meters squared Kelvin per Watt (m2K/W). Thermal 

transmittance is the measure of heat loss through a given material thickness by conduction, convention 

or radiation, therefore, the lower the U-Value the better the thermal performance. Units for U-Value are 

Watts per meter squared Kelvin (W/m2K). It’s very important to put into the current building regulations 

prior to installation of insulation material for example U-Value of not more than0.30 W/m2K is accepted 

for the United Kingdom.  According to Energy Saving Trust (Energy Saving Trust, 2013)  roughly 

insulation material thickness of about 60mm to 120mm should be installed to achieve the 0.30 W/m2K 

U-Value depending on the type of   material used.  

2.5.7 Glazing 

Glazing is where glass is installed onto the building to allow day light into the building interior while 

providing weather protection. This is done in form of windows, doors and skylights on the building. 

There are various types of glasses which include: 

 Annealed glass which is the most commonly used, it has good surface flatness although it easily 

breaks because it’s not tempered and heat strengthened. 

 Heat-strengthened glass is more resistant to loads and thermal stresses as annealed glass.  

 Fully-tempered glass which gives more superior resistance to breakage and is suitable for safety 

glazing.  

 Laminated glass which comprises of two or more layers of glass with a plastic sandwich layer. 

It’s used as safety glazing and as overhead glazing in skylights. The plastic sandwich layer also 

provides protection from ultraviolet rays and vibrations. 

 Coated glass which is covered with reflective and low-emissivity (low-E) coating. This type of 

glass has improved thermal performance because of its ability to reflect visible light and infrared 

radiations. 
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 Tinted glass which contains minerals through the glass thickness hence giving the glass more 

ability to absorb visible light and infrared radiations.  

 Insulating glass units which consist of two or more glass layers with enclosed continuous air 

spacing. The air space has a desiccant to dehydrate the sealed space.  Insulating glass unit has 

good sound and heat proof capabilities hence its wide application in commercial windows, 

curtain walls and skylights. 

There various type of window glazing and they include;  

a) Single-Glazed Windows: The single-glazed windows consist of one glass pane of glass. There is 

considerable energy loss with this type of glazing because a huge amount of solar radiation, 

energy, light and heat energy passes through this glass. Therefore minimal energy efficiency is 

realized with this installation since its R- Value is about 1 m2K/W. 

b) Double-Glazed Windows: The double glazed windows consist of two glass panes an air space. 

These windows have the R-Value of about 2 m2K/W hence better energy efficiency can be 

realized as compared to the single glazed windows.  

c) Low-E, low emissive Glazed Windows: This is simply very thin metallic film set between two 

glass pane of double glazed window. Here all the ultraviolet light is blocked hence more 

efficiency is realized. This installation has an R-Value of about 3.2  m2K/W 

d) Triple-glazed Windows: These are composed of three glass layers with R-Value of about 2.9 

m2K/W. Triple-glazed are suitable for mainly very cold climate given their potential on saving 

heating costs. 

2.6 conclusions 

The above reviewed energy and environmental conservation measures can be categorized into: no cost, 

low cost and major investment measures. The no cost measures are those which can be implemented at 

the design stage of the building to utilize nature. The no cost measures can also be the operational ones 

where energy consumption is controlled by the occupants through managing the existing energy 

systems in the building.  Low cost measures are those which require some money for implementation. 

The low cost measures can be implemented when carrying out maintenance and renovation of the 

existing building. The operational cost can also fall into the low cost measures if there is some cost 

implication which is not necessary capital expenditure. The major investment measures are those that 

are capital expenditure for the existing building or future building. 
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Chapter Three: Methodology 

During this study, focus was mainly put on the data that is required in the Design Builder software for 

Modeling, Calculation and simulation exercises. 

3.1 Site Weather Characteristics 

The climatic condition of Kampala district were established which involved data collection for: rain fall, 

Temperature, relative humidity and site location.  The data for rain fall, relative humidity and 

temperature were retrieved from literature which included; The Uganda National Bureau of statics 

statistical Abstract, the Annual State of the Environment reports from National Management Authority, 

the British Broadcasting Corporation news and also from scholars like Namanya Didacus Bambaiha, 

2009. 

The site location characteristics data of the building site were established using a hand held Global 

Positioning System (GPS) device whose model was Garmin “GPSMAP 60”. The characteristics included; 

the orientation of the building, site altitude and the site coordinates. 

 

Figure 5: picture of the Garmin GPSmap 60 device 
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3.2 Baseline survey and Model development 

The current building specifications were established which included; building architectural and structural 

drawings, activity and occupancy schedules, lighting system in place, ventilation air conditioning system. 

This data was mainly retrieved through site visits and interactions with the technical team of the office 

building. The collected data was then used to develop a model of the office building using Design 

Builder-Energy plus software. 

Design builder V2.3 has eight main TABS for entry of data namely; the Layout, Activity, Construction, 

Openings, Lightings, HVAC, CFD and Options TABS. All these TABS were used apart from the CFD TAB for 

specifications Data entry of the building under study. 

 It’s important to note that because of the Design Builder software’s general rule on in-putting data, the 

default data in the software was always left intact unless there were any important reasons for it to be 

edited.  

3.3 Simulation of Building Energy requirements 

The Design Builder V2.3 software was used for simulation of the building energy requirements. Design 

Builder is a modeling environment where virtual building models can be worked on. It provides a wide 

range of environmental performance data like: energy consumption, carbon emissions, comfort status, 

maximum summertime temperatures and HVAC component sizes. The analysis was mainly based on the 

buildings heat loads due to gains and losses where the associated cooling and heating load requirements 

were established.  Furthermore, the monthly and annual energy consumption trends were revealed with 

the associated carbon dioxide production. 

3.4 Economic Analysis for the suggested Energy and Environment Conservation Measures 

A Cost benefit Appraisal was carried out for each individual EECM. The Net Present Value/worth method 

was used given its superiority over the other methods, namely; Accounting Rate of Return (ARR) and 

Payback Period (PP). According to Atrill, (Atrill, 2003), the NPV is a better method for upraising 

investment opportunities because of the reasons below; 

 NPV takes into account for the time value of money by discounting all the associated cash flows 

for the project according to when they are expected to come up. 

 NPV considers all cash relevant cash flows irrespective of their time of occurrence. 

 Analysis on  the NPV has a direct bearing on the wealth of business owners or share holders 

Internal Rate of Return (IRR) is the other method of investment Appraisal which is similar to NPV.  IRR 

involves discounting of future cash flows and represent the yield from a given investment.  
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Chapter Four: Findings 

4.1 Site Climate and Weather Characteristics 

        The office building is located in Kampala district the capital city of Uganda. Uganda is one of the five 

countries in the Eastern Region of Africa.  Uganda has an equatorial type of climate because of its 

location across the equator. Moderate temperatures and humid conditions are experienced throughout 

the year with mean daily temperature of 28 oC (Namanya, 2009), see table 1.  

Uganda experiences bimodal rainfall pattern with two distinct rainfall seasons. There are long and short 

rains which are received from March to May and October to December respectively. According to 

McSweeny et.al, 2008, 50-200mm per month is received generally though is varies and annually ranges 

from 400 to 2200mm. Therefore Kampala city experiences wet and dry climate; though due to its 

relatively high altitude, cooler mean temperatures are reported than in the other cities with the same 

type of climate.   
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Table 1: Kampala District Climatic Data (Source: http://www.bbc.co.uk/weather) 

 
 
 

A) TEMPERATURE 
            Month January February March April May  June July August September October November December 

Average Minimum 
Temperature (°C) 18 18 18 18 17 17 17 16 17 17 17 17 

Average Maximum 
Temperature (°C) 28 28 27 26 25 25 25 25 27 27 27 27 
Record Minimum 
Temperature (°C) 12 14 13 14 15 12 12 12 13 13 14 12 
Record Maximum 
Temperature (°C) 33 36 33 33 29 29 29 29 31 32 32 32 

        
  

    B) PRECIPTATION 
            Month January February March April May  June July August September October November December 

Average Precipitation 
(mm) 46 61 130 175 147 74 46 86 91 97 122 99 

Average Sunlight 
Hours 5 6 5 4 4 6 6 5 5 5 5 4 

Wet Days (+0.1 mm) 9 9 14 19 19 11 10 14 12 14 16 12 

            C) RELATIVE 
HUMIDITY 

            Month January February March April May  June July August September October November December 
Relative Humidity AM 78 81 84 88 89 88 89 89 86 83 83 81 
Relative Humidity PM 54 56 62 69 72 69 66 66 65 64 63 62 
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From table 1, the Kampala minimum average temperatures range from 16 OC to 18 OC and a range of 

25 OC to 28 OC for the maximum temperatures.  The highest and lowest average precipitation is 

about 170 mm and 45 mm whereas the relative humidity ranges from 50 to 90 throughout the 

whole year. Also according to UBOS, 2012 there is no variation in the former reported temperatures 

as shown in figure 6. 

 

 

Figure 6: Mean daily temperature for Kampala (source: UBOS Statistical Abstract 2012) 
Since Kampala city is not set into of design builder software, the Kisumu city location template was used 

for analysis because it’s closest to Kampala with almost the same climatic and weather characteristics. 

4.2 Base line survey and Model development of the office building 

  4.2.1 Current building specifications 

The National Environmental Management Authority house is a four-floor structure with abasement 

directly exposed to outdoor conditions. The basement is being utilized as parking area for the staff. 

Appendices (i), (ii) and (iii) show the details of the plans for the various floors of the office building.  

The site location characteristics were obtained using hand held Global Positioning System (GPS) device. 

Table 2 shows results obtained using the GPS Device 

Table 2: Site Location Characteristics 
Location characteristics 

Elevation 1195 meters 
Coordinates  00o19o  N , 32o35o 
Orientation   045O  NORTH EAST 
 

 



18 
 

4.2.2 Lighting 

The NEMA house office building predominantly depends on artificial means for light energy. A walk 

around survey was carried to establish the number of lights in each occupied space (room). Furthermore 

the specifications of the individual lights used were determined. All the lights used in the offices are the 

either the (four feet) 4’ or (five feet) 5’ Fluorescent Tube lights and fittings which are rated 40 and 50 

watts respectively. For the external security lighting, four Flood lights of each 25 Watts are installed. 

The general internal lighting for the office area is set to the Fluorescent Compact template since all the 

lights in the building are fluorescent tube lights (25mm diameter). The installed light fittings are mainly 

of 120mm and 150mm length with rating of 40 and 50 watts respectively. The lighting is controlled 

manually by the occupants in the respective zones by means of the popular on and off switches.  

The building’s type of installation for the internal lighting system is the Luminous and louvered ceiling 

whose template is set into the design builder software as the luminaire type with all its corresponding 

characteristics, namely Lighting Energy (W/m2/ 100 lux) of 4.6 ,radiant fraction of 0.37, visible fraction of 

0.18 and  convective fraction of 0.45. The luminous and louvred ceiling luminaire type was loaded into 

design builder. 

4.2.3 Activity 

The predominant activities for the office building in question were found to be; Sitting and walking. 

Therefore the selected activity template to establish the base line conditions was Generic Office area 

whose preset activities are light office work, standing and walking. It is important to note that there are 

other zones like the Toilets, Urinals and fire escape. For such zones, there templates were entered at 

individual floor levels and the appropriate templates selected for these zones. The other default (system 

generated) parameters in the activity window were left intact.  

4.2.4 Construction  

The buildings construction structures were majorly classified as Floor, Roof and walls for easy entry and 

analysis using the design builder software. 
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4.2.4.1 Floors 

The floors were categorized into; Ground floor, External floor and internal floor. 

Ground Floors 

The ground floor comprises of three layers, the first layer made of aggregate and hard core of 381mm 

thickness. The middle layer (2) is made of 203mm thick cast concrete whereas the innermost surface 

layer is of 38.1mm ordinarily Portland cement mixed with Terrazzo stone screed.  

External Floors 

The external flooring is a two layer structure with the inner layer of 127mm cast concrete and the 

outermost layer made of 50.8mm external rendering.  

Internal Floors 

The internal flooring is also a three layer structure with the two outer layers made of 50.8mm sand 

screed render. The middle layer made of Hollow brick work of 304.8mm. Internal flooring is 

characterized for the all suspended floors in the office building, Namely First Floor, second Floor and 

Third Floor.  

4.2.4.2 Walls 

The wall constructions are categorized external Walling and internal Partitions. 

External Walling 

All external walls of the building have three layers, namely: the outer most layer which is made of 50mm 

(2in) external rendering finish, the 125mm medium weight masonry block middle layer, the 37.5 mm  

inner most layer made of sand cement mortar with lime surface finish. The named specifications were 

also entered into design builder after which the heat transfer properties were generated. 

Internal Partitions  

The Internal partition construction was characterized for the walling separating the zones (offices) in the 

building.  These structures are made of two layers; the outer and inner most layers are each of plaster 

board of thickness 50.8mm. The two skins are mounted into frames of Mild steel 50x50x 3mm angle 

bars to form a complete partition wall. 

4.2.4.3 Roofing 

The NEMA office building has a flat roof of two layers, with the outer and inner most layers made of 

10mm Asphalt and 150mm insulation of woolen rolls respectively. 
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All the building’s construction specifications were entered in design builder. Table 3 shows the summary 

for the base case construction properties.    

Table 3 Base case construction properties 

 
 

4.2.4.3 Openings 

The building has frame glass windows on all the four building facades, namely the North East, South 

East, North West and South west facades. The building also has one front glazed external doors and 

an Atrium on the North East facade. It’s important to note that external windows, atria and external 

glazed doors are all modeled as windows in design Builder. The façade and window are established 

as in the table 4 with an overall window to wall area ratio of 0.28. 
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Table 4: Summary of building wall surface and window area 
Building Wall Surface Exterior Envelope Wall Area /m2 Window Area/m2 

North East Façade 639.86 213.01 
South East Façade 159.04 26.63 
North West Façade 159.04 30.63 
South West façade 639.86 180.84 

Total 1597.79 451.10 
 Window to Wall Area Ratio 0.28 

  

With the above summary, the” Preferred height 1.5m, 30% glazed” layout template was loaded into 

design builder as in the figure 7.  

 

Figure 7: Glazing details for the office building 
The buildings window panes are made of 6.00 mm thick laminated glass with a blue reflective solar 

shield. Some thermal properties were retrieved from the manufactures product catalogue which 

include: Total solar transmission (SHGC) = 0.687, Light transmission= 0.744 and U-Value of 1.974 W/m2-

K. These values were entered into the simple glazing data design builder interface. The U-value of the 

windows used is lower than that of walls of the building under study. 
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4.2.5 Building’s HVAC System 

There was limitation on obtaining data for the Air conditioning system of the building as the consultant 

was not in agreement with sharing details like schematic drawings, the chiller details, and COP for 

proper detailed analysis. Basic information was gathered which is as in the table 5; 

Table 5 Buildings air conditioning details 
Type of HVAC System Constant Air Volume system 
Number of AHU'S   80 
Each AHU  Power Rating  6600 W 

Number of Conditioned zones  80 

Set Point Temperature 22-24 oC  (Cooling)        20-22 OC   (Heating) 
For the above mentioned reason, the simple HVAC calculation method was used in design builder where 

the Constant Volume template was loaded as the assumed system for the current building with 

Electricity from the grid as the main source of power as in  figure 8; 

.  

Figure 8:  Loaded template for HVAC system 
Using the provided drawings, the model was developed for the Nema office building using Design 

Builder Software. Figure 9 shows the Axonometric View of the Building, the other views namely; plan, 

left, right, and front view can be accessed from the various building levels. 
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Figure 9: Axonometric view of the developed model 
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Chapter Five: Results and Discussion 

5.1 Simulations of the buildings energy requirements  

5.1.1 Heating Design 

The heating design calculations for the developed model were carried out for the base case. The main 

aim of this calculation is to determine the size of the heating plant required to meet design winter 

conditions. Therefore since the model climatic conditions are not for winter conditions, this calculation 

was used to analyze the building performance through heat gains and losses from individual fabric 

elements and for each zone(i.e. Floors and Rooms) in the model.   

A constant steady state external temperature of 15.7 oC was used in the calculation. This was taken from 

the weather data set relative to the location of the building.i.e Kampala-Kisumu. A Higher confidence 

level of 99.6 % was selected in the generated default design data meaning that there will be a 0.04% 

chance of extreme “winter” weather conditions occurring. The infiltration was also defined from the 

construction tab since it has significant impact on the results; therefore the default value of 0.70 air 

changes per hour (ac/hr) was used for the calculations.  

The air temperature parameter control was selected because of its advantage over the operative 

temperature control option, i.e. calculated plant sizes will be lower when air temperature is selected as 

a control parameter. This is because of with operative temperature control, there unrealistic start up 

loads due to the lag in the thermal response of the building fabric (walls, floor and the ceilings) and yet 

this response governs thermostat hence the operation of the equipment for heating and cooling (Design 

Builder, 2013).). For this reason unrealistic heating load results will be registered. The design margin was 

left intact to the default value of 1.20 meaning that the plant sizes would be based on the calculated 

heat loss plus 20 % to cater for any extra heating capacity required when the heating system has been 

switched off for extended periods like overnight or over the weekend. The calculations were run at 

building level then steady state heat loss for the building was obtained as in the graph below. 
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Figure 10: The graph for temperature (oC) and heat balance (kW) for the building 
5.1.1.1Review of the Heating Design Calculation Results 

The figure 11 shows the average temperatures for the whole building in the Top graph with the internal 

air temperature which was the controlling parameter, then the resultant radiant and operative 

temperature. The average internal air temperature of the building was found to be 21.4 oC, 20.32 oC as 

the resultant radiant temperature value, then comfort or operative temperature of 20.86 oC. It’s 

important to note the operative or comfort temperature is a combination of the radiant and operative 

temperature and is a measure of the perceived temperature in a given Zone. The external design 

“winter’’ temperature was found to be 15.7 oC. The heat balance graph is also as shown in the lower 

Graph of the figure above which provides a break down heat gains and losses for each of the fabric 

components for the whole building. Table 6 shows the summary of results obtained. 
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Table 6: Breakdown of the heat gains and losses 

 

The walls registered the highest heat losses of 12.87 KW whereas the external floors registered the 

lowest losses of 0.03 KW respectively. Heat gains were reported from interior floors, Ground Floors and 

internal partitions with the highest of 3.33 KW from ground floors. The infiltration losses were found to 

be 7.92 KW.  The total heat input required to meet heat losses at design conditions was found to be 

24.01 KW. Therefore a heating plant of capacity 24.01 KW will be required for the building. 

Table 7: Summary for heat design capacity for the various floors 

Floor Design Heating Capacity/ KW 
Ground Floor 7.24 

First Floor 6.72 
Second Floor 7.07 
Third Floor 7.80 

Total for the building 30.01 
 

5.1.1.2 Heating Design Iterations 

Since the fabric elements showed significant heat losses, iterations were made to establish the optimal 

option in terms of the heating load requirement.  The construction template was therefore changed 

from the project template to the Best practice medium construction template because on running the 

heating design calculations the default infiltration reduced from 0.70 to 0.3 air changes per hour with 

the least heating requirement of 14.20 KW. 
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Table 8: Results for the iterations made on the construction templates 
Construction Templates 

Construction Templates Infiltration rate ac/hr 
Building Heating 

Design capacity/KW 

Project Construction Template(Base Case) 0.7 
30.01 

 
Best practice Heavy weight 0.3 14.25 
Best practice medium weight 0.3 14.20 
Best practice light weight 0.3 14.23 
General Energy code Heavy Weight 0.5 19.15 
General Energy code Light Weight 0.5 19.23 
General Energy code Medium Weight 0.5 19.21 
Reference , Heavy weight 0.7 20.70 
Reference , lightweight 0.7 20.83 
Reference , medium weight 0.7 20.81 
Uninsulated Heavy weight 1.0 36.64 
Uninsulated Lightweight 1.0 44.33 
Uninsulated Medium weight 1.0 38.45 
 

Best Practice –Medium Weight construction Template. 

The best practice medium weight construction template is characterized with higher performance 
constructions as shown in the figure below, for example the roof, walls, Doors and partitions. 

Table 9: Properties of the best practice-medium weight construction 

Best Practice Construction Properties 

  Layers 
R-Value   

(m2-K/W) 
U- Value 

(W/m2-k) 
External Walls 

No=4 layers , Outer most: 105mm Brick 
work, Layer 2: 118.2mm Extruded 
Polystyrene-CO2 Blowing, Layer 3:100mm 
Concrete block, Inner most:13.0mm Gypsum 
Plastering         , 

4.000 0.250 

Flat Roof No=4 layers , Outer most: 10mm Asphalt, 
Layer 2: 251mm MW Glass wool rolls, Layer 
3:20mm Air Gap, Inner most:13.0mm  
Plaster Board         , 

6.667 0.150 

Internal Partitions 

No=3 layers , Outer most: 25mm Gypsum 
Plaster Board, Layer 2: 10 mm Air Gap, Inner 
most:25.0mm  Plaster Board         , 

0.520 1.923 
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Ground Floor 

No=4 layers , Outer most: 239.3mm Urea 
Formaldehyde Foam, Layer 2: 100 mm Cast 
concrete, Layer 3: 70mm floor screed, Inner 
most:30.0mm Timber Flooring 

6.667 0.150 

External Floor No=3layers , Outer most: 25 mm External 
Rendering, Layer 2: 25.48 mm MW Stone 
wool rolls, Inner most:5.0mm Timber 
Flooring 

6.667 0.150 

Internal Floor 
No=1 layers , 100mm Cast Concrete(Dense) 

0.211 4.73 

External Door No=1 layers , 35 mm Painted Oak 0.34 2.823 
Internal Door No=1 layers , 35 mm Painted Oak 0.34 2.823 
Infiltration Mode Constant (ac/hr)= 0.3 
 

The minimum temperature range of the site is 18 to 16 ͦC implying that minimal or no heating is 

required. No further analysis was done to reduce the buildings heat loads given the minimal heating 

load requirement of 30.1 KW for the base scenario. It was also observed that the best practice template 

resulted into lower U-values of the external walls and internal partitions than the base case as in table 9  

5.1.2 Cooling Design 

The cooling design calculations for the developed model were carried out for the base case. These 

calculations helped to determine the total cooling load requirement to meet the design summer 

conditions for the building. Furthermore the building performance was analyzed to identify the source 

of the most significant heat gains which contribute to cooling Loads.  

 It’s important to note that the periodic steady state external temperatures are used in the Design 

Builder Software. The temperatures are calculated using maximum and minimum design summer 

weather conditions. Weather data from January and July is used in the southern and northern 

hemisphere respectively, the simulations calculate half Hourly heat flows and temperatures for each 

zone where the cooling capacity required to maintain any cooling temperatures set points for the 

respective zone are determined. Still Ambient air conditions are assumed during the calculations, that is 

to say, no wind but the calculation includes solar gains through windows, scheduled natural Ventilation, 

internal gains from occupants, lighting and equipment.  



29 
 

The daily temperature profile used in the cooling design calculations is calculated from the maximum 

and minimum values using a sinusoidal curve with an assumption the maximum temperature lags the 

maximum solar elevation by three hours. The highest confidence level of 99.6 % confidence level was 

used where the weather data used in summer cooling design calculations is maximum dry bulb air 

temperature of the day of 32.7 oC; the wet bulb temperature Coincident with maximum dry bulb 

temperature is 19 oC and Minimum dry bulb air temperature at night time is at 21.5 oC. Infiltration of 0.7 

air changes per hour (ac/hr) which is a default value for model infiltration was properly defined in the 

construction tab as it has impact in the generated results.  

As explained above in the heating design calculations, the air temperature was selected as the control 

radiant fraction. The design margin was set to 1.15 by default which implies that the plant sizes will be 

based on the calculated cooling loads plus 15% to cater for any additional cooling capacity required 

when the cooling system has been switched off for extended periods. 

5.1.2.2 Review of the cooling Design Calculation Results 

Three graphs were generated after running the cooling design calculations and they included; Graph for 

external temperature, internal air temperature, operative and radiant temperatures, Graph for Heat 

balance, cooling loads, Relative Humidity and finally a graph for Ventilation and infiltration details. 

 The generated results of interest are categorized into three different data sets and they include; 

comfort data, internal gains data, and fabric and ventilation data.  

Comfort Data 

At building level, the average internal air temperatures for the whole building were obtained. From the 

graph below, the air temperature is closely being controlled to 23.8 OC because air temperature was set 

as the control parameter. The operative is at 26 OC about 2 oC higher than the set point because of the 

higher radiant temperatures since operative temperature is a combination of the air temperature and 

the radiant temperature. The peak summer design external temperature of 32.7 oC is seen to occur at 

1500 hrs on the sinusoidal curve. 

The relative humidity increases gradually from about 37.80% to 39.3% from about 0000hrs to 0500hrs 

respectively. A drastic increase to about 48.0 % was realized at about 0530hrs after which it says fairly 

stable during occupancy. From the graph showing total fresh air delivery rates into the building, the 
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infiltration level is at 0.71 ac/hr, the natural ventilation changes with the occupancy levels   according to 

the activity  and seen to decrease to up to 0.67 ac/hr at about 1400 hrs. 

 

Figure 11: Graphs for the NEMA building comfort data 
Internal Gains Data 

From the graph generated as in the figure 12, there is a marked impact of up to 57.513 W/m2 solar gains 

on the building in the morning hours from 0700 hrs to 1200 hrs. There is a relatively high and constant 

gain due to the general lighting of 15.12 W/m2. The equipment gains were found to range from the 8.30 

to 9.10 W/m2 which are directly dependent on the zone occupancy levels whose gains ranged from 4.0 

to 8.05 W/m2 on average for the whole building.  The sensible cooling loads required to offset these 

gains at the respective times are also shown in the graphs. The latent heat gains were seen to follow the 

occupancy schedules. 
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Figure 12: graphs for the NEMA building internal gains 
Table 10: summary for cooling design capacity for the various floors 

Floor Design Cooling Capacity/ KW 
Ground Floor 72.630 

First Floor 38.510 
Second Floor 39.390 
Third Floor 42.660 

Total for the Building 193.190 
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5.1.3 Energy and Environment Conservation Measures  

5.1.3.1 Variation of Site Orientation for the building 

The building is currently placed with front elevation facing the North West, the rare elevation facing 
South East, the side elevations facing North East and South West directions as shown in the figure 
below.  

 

Figure 13: Base case Site Orientation 
The site orientation was varied at 45o intervals and its impact on the entire buildings cooling load 

required analyzed. Placing the building at the 0o and 360o gave the highest percentage increase on 

cooling load whereas 90o Site orientation gave the least percentage reduction of the same as shown in 

the figure below. 

Table 11 Effect of orientation on cooling load 

Site Orientation/ 
Degrees Cooling Load/ kW 

Percentage 
Variation 

0 223.17 -15.52% 
45 BASE CASE 193.19 0.00% 

90 186.54 3.44% 
135 201.54 -4.32% 
180 216.70 -12.17% 
225 199.99 -3.52% 
270 189.92 1.69% 
315 210.95 -9.19% 
360 223.17 -15.52% 
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The highest percentage increase in cooling load of 15.52% was realized when the building was placed at 

0o and 360o. This is because with this site orientation, the North West and South East Facades are in the 

East and West directions. Therefore when the sun rises, exterior windows on the North West façade of 

the building are directly facing the solar radiations which are gained by the building interior leading to 

overheating from about 8:00 am to 11:00 am. There was morning Peak solar gains from exterior 

windows of up 56.08 W/m2 at about 10:00 am is realized as shown in the figure below. The solar gains 

reduced to a minimum of up to 15.12 W/m2   at 13:00hrs when the sun is directly above the building. 

 

Figure 14: Graph for site orientation 0o and 360o 
The solar gains were seen rise gain to a maximum of up to 66.18 W/m2   in the afternoon because the 

exterior windows on the South East Façade are also facing the solar radiations which lead to heating of 

the building due to solar gains. The highest percentage reduction on cooling load was realized when the 

building was placed in the 90o site orientation. This is because here the buildings North West and South 

East facades with the most number of exterior windows are not directly facing the sun solar radiations 
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as the sun rises and sets. This lead to fairly constant solar gains in the range of 34.029 to 38.55 W/m2 

gains as shown in the figure 15 below; 

 

Figure 15: Graph for site orientation 90o 
Therefore the 90o site orientation was the best orientation for the building under study 

 

 

5.1.3.2 More Efficient Glazing 

The building’s current glazing was replaced with more energy efficient panes. This was done by selecting 
five double glazing templates of Low Emissivity and higher U-Value and impact monitored as in the table 
12. 
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Table 12: impact of changing glazing system on building cooling load 

Glazing 
Cooling 

Load/kW 
Percentage 
Reduction 

U-
Value 

Total Solar 
Transmition(SHGC) 

Base Case: 193.19 
   Double LoE Elec Ref colored 6mm/13mm 

Argon 155.701 19.41% 1.322 0.097 
Double LoE(e2=0.2) Clear 3mm/13mm 
Argon 157.78 18.33% 1.721 0.688 
Double LoE Spec sel Tint 6mm/13mm Air 169.91 12.05% 1.635 0.282 
Double LoE Spec sel Clear 
3mm/13mm/6mm Air 178.03 7.85% 1.345 0.43 
Double LoE(e2=0.1) Tint 6mm/13mm Air 177.5 8.12% 1.772 0.369 

 

Glazing with the “Double LoE Elec Ref colored 6mm/13mm Argon” resulted into the highest percentage 

of cooling load of up to 19.41%. This installation has a U-Value of 1.322 W/m2-K and low Solar Heat Gain 

Coefficient (SHGC) of 0.097 hence shielding off a relatively significant portion of the incident solar 

radiation. Therefore less is transmitted to the building occupied zones. The windows are made of two 

layers with the 6mm colored outer pane, 6mm clear inner pane and 13mm Argon filled air space.  

5.1.3.3 Plain Window Shading 

Iterations were made with available types of window shading options where the blinds with high 

reflectivity slats placed outside and are always on gave the optimal cooling load requirement for the 

building model. Below is an illustration for the selected template in design builder. 

 

Figure 16: Illustration of the selected window shading 
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Plain window blinds with high reflectivity slats reduced the total cooling load requirement to 150 kW 

which is 22 % below the base case. This is mainly due to effect from the reduced solar gains from 

exterior windows; these gains were seen to reduce from 57.513 to 12.880 W/m2.  

Table 13: Properties of selected shading devices 
Properties for the window shading type selected for the model 

Blind to glass distance(m) 0.015 
slat Orientation Horizontal 
Slat width 0.0188 
slat thickness 0.001 
Slat Angle w/m-k 45.00 
Slat conductivity 0.900 
Minimum slat angle 0.00 
Maximum slat Angle 180 
Slat beam solar transmittance 0.00 
Slat beam solar reflectance, Front side and Back side 0.80 
  5.1.3.4 Local shading  

The available templates for local shading in Design Builder are the louver, overhangs and the general 

which is a combination of overhangs and louvers. Iterations were made to establish the effect on the 

solar gains from exterior windows of the building.   

Table 14: Iterations for shading devices 

Shading device Peak solar gain/ W/m2 
Cooling Load Requirement/ 
kW 

Base case with Local shading 57.51 193.19 
Louver 0.5 projection 40.82 171.76 
Louver 1.0 m projection 43.05 173.56 
Louver 1.5 projection 47.99 177.00 
Overhang 0.5 m 49.70 179.02 
Overhang 1.0 m 43.15 169.72 
Overhang 1.5 m 48.82 179.10 
Overhang 2.0 m 35.42 160.27 
General(Combined) 

  Louver 0.5 projection + 0.5m overhang and 
sidefins 32.00 160.70 
Louver 1.0m projection + 1.0m overhang and 
sidefins 15.03 147.46 
overhang + sidefins(0.5m) 44.78 173.11 
Overhang  + sidefins(1.0m) 34.34 161.23 
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Overhangs on the external windows gave more reduction on the solar gains than the louvers with the 

same projection. It is shown in the table above that increasing the projection of the shading device 

reduces the amount solar radiation onto the windows hence minimizing on the solar gains, for example 

the overhang with 2.0 m projection reduced the solar gains up to 39 % with also significant decrease of 

the entire buildings cooling load requirement by up to 17 %. Combining overhangs, louvers and sidefins 

gives even better solar reduction. The combination of Louvers overhangs and sidefins projected at 1.0 

meters gave the optimal cooling load requirement for the office building, i.e., the solar gains were 

reduced by 40.3 % whereas the total cooling load of the building was reduced by 17 %. The other 

associated gains were also seen to reduce, namely general lighting, equipment and average zone 

occupancy.  

 

5.1.3.5 Controlled Lighting 

Lighting gave a marked impact on the building internal gains of up to 27 W/m2 for the base condition. 

The investigated building’s lighting system was controlled manually by the common on and off switches 

therefore many chances are that the lighting is used all the time during unoccupied and low occupancy 

hours.  The best practice template was loaded into the model which gave significant reduction in the 

heat gains due general lighting ranging from 1.50 W/m2 to 1.71 W/m2 from 8:00 hrs to 22:00 hrs.  The 

internal lighting luminaire type also changed by default to suspended with its corresponding 

characteristics, namely Lighting Energy (W/m2/ 100 lux) of 3.30 ,radiant fraction of 0.37, visible fraction 

of 0.18 and  convective fraction of 0.45. The Best practice template is automatically loaded with a linear 

light control where the lights dim continuously from maximum electric power, maximum light output to 

minimum electric power, minimum light out with the increasing daylight. In effect the total cooling load 

requirement was seen to decrease by 17.1 % as shown in the table below. 

Table 15: Building cooling load with best practice construction 

Floor Base Design Cooling Capacity/ kW 
Design Cooling capacity with Best 

practice template/kW 

Ground Floor 72.630 60.55 
First Floor 38.510 32.19 

Second Floor 39.390 32.55 
Third Floor 42.660 35.43 

Total for the Building 193.190 160.720 
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5.1.3.6 External Wall Insulation (EWI) 

The building under study does not have any external wall insulation. Using the developed model from 

Design Builder, ten different insulation materials were loaded into the building model external walling 

and their impact on the buildings cooling load noted. Insulation thickness was fixed at 50mm while 

putting into consideration lower U- Values of material while selecting. The cooling design calculations 

were ran for the individual materials where the Polyurethane board gave up to 8.42 % reduction on the 

buildings cooling load as in the table below. 

 
 

 

Table 16: Impact on cooling load from the selected insulation material 
insulation materials with thickness 50mm 

Sr. No insulation material 
Cooling 

Load 
U-Values/ 
W/m2-K 

Percentage 
reduction on cooling 

load 

 

 Base case without external wall 
insulation 193.19 

  01 Aerated Concrete 177.763 0.500 7.99% 
02 Asbestos 177.170 0.819 8.29% 
03 Foam Slag 185.263 1.733 4.10% 
04 Hard Rubber 187.601 1.403 2.89% 
05 MW Glass wool High Performance boards 177.194 1.510 8.28% 
06 Vermiculite insulating Brick 186.379 1.779 3.53% 
07 XPS Extruded  Polystene-CO2 Blowing 177.300 0.535 8.22% 
08 XPS Extruded  Polystene-HFC Blowing 176.956 0.484 8.40% 
09 PUR Polyurethane Board (Diffusion Open) 177.122 0.457 8.32% 
10 PUR Polyurethane Board (Diffusion Tight) 176.921 0.430 8.42% 

 

The Polyurethane Board (Diffusion Tight) insulation material was therefore selected for further analysis. 

Furthermore impact of insulation thickness was also analyzed using the Polyurethane Boards as in the 

table below. It was noted that increase in insulation thickness gives more reduction on the cooling load 

because the U-Value reduces hence reduced heat gains into the building.  
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Table 17 impact of increasing insulation material thickness on cooling load 

Thickness/mm cooling Load/ KW U- value/ W-K/m2 
Cooling Load 
Reduction/ % 

25 178.570 0.749 7.57% 
50 176.921 0.438 8.42% 
75 176.114 0.307 8.84% 

100 175.592 0.237 9.11% 
125 175.307 0.193 9.26% 
150 172.756 0.163 10.58% 

 

The material thickness of 100mm and U-Value 0.237 W/m2-k was selected for running the proceeding 

simulation given the fact that it’s in the thickness range of 60 to 120mm and the U-Value is below 0.30 

W/m2-k which is according to the British Standards. 

5.1.3.7 Temperature Set Point 

The impact of indoor temperature setting on the buildings energy consumption was also analyzed using 

Design Builder. The base case heating and cooling set point temperatures are 22 OC and 24 OC 

respectively. The heating and cooling set back temperatures were 12 oC and 28 oC respectively. 

Table 18 Effect of set point temperature on energy load 

Cooling Set Point Temperature 
Percentage Reduction on 

Cooling Load 

24 OC  (Base Case) 
 25 OC 12.80% 

26 OC 16.39% 
 

Increasing the cooling set point by 1 OC created a marked impact of 12.80 % reduction on the building 

cooling load. Further increase to 26 OC further decreased the load by 16.39% as shown in the table 

above. According to ASHRAE, 2010 the temperature can be set up to 26 OC since the recommended 

comfortable temperature range is 22.5° to 26°C for occupants dressed in summer clothes (0.35 to 0.6 

clo).  The recommended comfortable temperature for building occupants in winter clothing (0.8 to 1.2 

clo) is 20to 23.5C as in appendix (v). 

Setting the heating and cooling set back temperature 1 oC higher or lower from 12 oC and 28 oC didn’t 

show any variation on the heating and cooling loads respectively for the building. The setback 

temperatures were therefore left intact. 
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5.2 Building’s Energy Consumption 

5.2.1 Energy 

Simulations were run over a period of one year to establish the buildings energy consumption annually 

and monthly. At this stage, zones like urinals, fire escapes and corridors were excluded from thermal 

calculations to establish a more realistic annual Fuel total trend for the developed building model. The 

energy consumption showed peak Kilo Watt hour (KWh) values in the months of January, April and 

October. Up to 31,192 KWh were realized in January which was the highest and the lowest of 24,364 

KWh in June. 

 

Figure 17 Fuel total trends for the modeled office building 
The Energy breakdown was also obtained in form of monthly Fuel breakdown as shown in the figure 

below. The chillers registered the highest energy consumption in the range of 24500KWh to 18800 KWh 

on a monthly basis. Consumption from room electricity ranged from 5500KWh to 4700KWh. Lighting 

energy consumption ranged from 1190 KWh to 990 KWh. Exterior lighting and Domestic Hot water  gave 

a range of 56.1 KWh to  50 KWh whereas negligible energy of 0.11 KWh to 0.00 KWh was  due to 

heating. 
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Figure 18: fuel breakdown trends for the modeled office building 
 

 

 

5.2.2 Annual Carbon dioxide Production 

The annual carbon dioxide production trends registered maximum of 21386.48 kg in January and a 

minimum of 16722.98 kg in June. Carbon dioxide production was seen to follow the same trend with the 

energy consumption trends implying that there is direct correlation between the former and the latter 

as shown in figure 20. 

 

Figure 19: Carbon dioxide production trend for the simulated year of the model 
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From table 19, the associated carbon dioxide emissions from the building under study in relation to 

energy utilization is about 0.69 kgs of carbon dioxide per kWh of electricity consumed. It’s important to 

note the building models carbon dioxide intensity of electricity which close to 0.705 kg CO2 per kWh 

which is Africa’s estimated carbon dioxide intensity of electricity. (ICCP Report, 2005) 

Table 19: Utilized carbon dioxide conversion factors for the model 

Annual Fuel  
Total/kWh 336738.89 
CO2 Annual 

Total/kgs 230666.6 

CO2  Conversion 
factor( kgs CO2 per 
kWh of electricity) 0.685 

 

Replacement of Constant Air Volume (CAV) with Variable Air Volume (VAV) HVAC System 

The VAV systems have an advantage of system fan capacity control over the constant Air Volume 

volumes. This way there will be less energy consumption by fans which is a substantial part of the total 

cooling energy requirements for the building.  The “VAV with outside air reset” HVAC template was 

loaded into design Builder and simulations run for the building. This template was selected because it 

didn’t have any component of reheating and preheating as the other available templates in Design 

builder.  There was reduced monthly energy consumption as shown in the graph below. 

 

Figure 20: Monthly energy consumption with VAV system 
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The monthly consumption was seen to decrease to the range of 24.7 to 19.6 tonnes from 31.2 to 24.4 

tonnes of the base scenario. The two trends follow the same shape with the highest and lowest 

consumption in January and June respectively. 

5.3 Effect of the EECMs on the Office Building’s Energy Consumption  

5.3.1 Monthly Energy consumption 

The Figure 22 below shows the monthly energy consumption of the office with the individual EECM 

loaded in the model. At the beginning of the year in January, all the EECM, Namely; Best practice 

construction, 90 degrees Site orientation, more efficient glazing, plain window shading, local shading, 

controlled lighting, External Wall Insulation (EWI), VAV with outside air reset and set point give reduced 

energy consumption. In the following months, it’s seen that the Best practice construction measure 

rather increases on the energy consumption from the base case.  

This increase was as result of the increased chiller electricity component in the following months. 

External Wall insulation also gives increased energy consumption in the months of February, March, 

July, August, and September. Minimal reduction was caused by the controlled lighting whereas; 90 

degrees Site orientation, more efficient glazing, Plain window shading, Local shading, VAV with outside 

air reset and set point gave marked impact on the buildings energy consumption for all the months.  

However further simulation was carried out on the model by making iterations on the building’s 

infiltration rates with the best practice template. From figure 21, reducing the infiltration rate from 0.3 

ac/hr to 0.1 ac/hr resulted into a 0.53% decrease in the buildings annual energy consumption.  

 

Figure 21: Iteration of the infiltration rate with best practice construction template loaded into the 
building model 
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5.3.2 Annual Energy Consumption 

The Figure 22 shows the buildings Annual energy consumption with the individual EECM loaded in to the 

model. The best practice and Controlled lighting measures resulted into 4.4 % and 0.27 % respectively 

more consumption than the base case. External wall insulation led to 0.78 % reduction whereas the 90 

degrees Site orientation, more efficient glazing, plain window shading, Local shading, VAV with outside 

air reset and set point temperature measures gave more marked impact of 3.37%, 17.34%, 23.40%, 

26.40%, 20.37% and 2.91%.  Furthermore, plain window shading gave more significant reduction 

compared to Local shading implying that shading devices placed at the exterior will give better results as 

compared to the sandwich installation. Therefore more efficient glazing, plain window shading, local 

shading and the VAV air conditioning alternatives gave the best energy saving on the NEMA office 

building followed by the 90 degrees site orientation and set point temperature measures. 

 

Figure 22: Energy consumption of the each measure month wise 
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Figure 23: Annual fuel totals (kWh) for the various energy conservation measures 
 

5.4. Effect of the EECMs on the Office Building’s Carbon dioxide Production 

5.4.1 Monthly Carbon dioxide Production 

The figure 24 shows how carbon dioxide production varies monthly for the individual measures. Less 

impact was given by the Best practice construction, controlled lighting and External Wall Insulation. 

Lower carbon dioxide production was realized only in the month of February with Best practice 

construction and all the other months registered higher than the base case in the range of 18 to 21.5 

tonnes as compared to 16.7 to 21.3 tonnes range of the base case. The trend followed by the Controlled 

lighting is similar to that of the base case with all the months having slightly higher carbon dioxide 

production with the maximum difference being 88.5 kgs in the month of October. External wall 

insulation led to a reduction in some months which included; January, February, April, July, September 

and October where October gave the highest reduction of up to 1303.70 kgs. The other months gave 

increased production with the lowest of 125.06kgs and highest of 697.84kgs in the months of December 

and May respectively. More marked impact was given by the; plain window shading, local shading, VAV 

air conditioning system and set point measures as shown in the figure 4 below. Local shading registered 

the highest reduction of 5808.08kgs in the month of January. 
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5.4.2 Annual Carbon dioxide Production 

The figure 25 shows the effect of the individual EECM on the total building’s Annual Carbon dioxide 

production. Increase in carbon dioxide production was realized with the best practice and controlled 

lighting measures, where they gave 4.43 % and 0.23% increment respectively. 

The other measures namely; plain window and local shading, External wall insulation, VAV air 

conditioning system, set point gave reduced carbon dioxide production with plain window and local 

shading resulting into the highest impact of up 23.4 % and 26.4% respectively. 

 

Figure 24: Carbon dioxide production trend for the different measures 

 

Figure 25: Annual carbon dioxide production (kgs) for the various energy and environment 
conservation measures
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5.5 Economic analysis. 

Based on the observations about the impact of the EECM on the buildings energy consumption, further 

analysis was done for all the measures that have a cost implication. The measures in question include; 

Replacement of CAV with VAV system, Local shading, Plain window shading, External wall insulation and 

More Efficient Glazing. 

The time factor is a very important feature in investment decision making.  Any investment is expected 

to yield economic benefits at some point in time. The Net Present worth (NPW) method was used for 

analysis as in equation 2; 

      Equation 2 

Where   is the present worth of cash inflows and  is the present value of cash out flows. For 

this case,  was taken as the saving realized on implementation of the EECM and   as the cost 

of investment for the proposed measure. The cost of investment was established by seeking quotations 

from reputable contractors for the works in question for the office building.  The savings were assumed 

to be constant over a given period of time, therefore    was determined as in equation 3; 

       Equation 3 (Source: Academic Resource center IIT, 2012) 

Where  is the annuity (series of equal receipts on savings that occur at evenly spaced intervals),  is the 

discount rate for the future cash flow and is the period into consideration for return on investment  

5.6.1 Realized savings 

A reduction in the annual energy consumption (kWh) was realized in implementation of the measures. 

The annual savings were therefore determined by getting the difference between the total units for the 

base case and those realized with individual EECM simulated in the building model as in Figure 19. The 

Units were then converted into Uganda shillings using rate of 385 Ugx per kWh (Nicolaj, 2011). The 

present value of the annual cash inflows in terms of savings was then calculated using equation 3. A rate 

of 5% annually was used in the calculations, (PKF, 2012). It was assumed that it would take five years for 

the investments realize benefits to building management for the projects to be worthwhile. Five years 

was assumed after consultation the NEMA Finance and Administration department on the time 
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realization on renovation investment of the office building.   Therefore for all the calculations;  is the 

Annual energy saving is 5% and   is Five years.  

Table 20: realized savings on implementation of each EECM 
EECM Energy for 

Base Case 
Scenario/ 

kWh 

Energy  with 
EECM/kWh 

Saving/ 
kWh 

Saving/Ugx(1 
kWh@ 385 

Ugx) 

Pwin/kWh  

More Efficient Glazing 336738.89 278358.2 58380.69 22,476,566 97,311,767 
Plain window shading 336738.89 257944.45 78794.44 30,335,859 131,338,396 
Local shading(Louvers + 
Over Hangs) 336738.89 247839.36 88899.53 34,226,319 148,182,050 
External Wall Insulation 336738.89 334103.11 2635.78 1,014,775 4,393,446 
VAV System 336738.89 268159.97 68578.92 26,402,884 114,310,671 
 

5.6.2. Cost of Investment  

The cost of investment for; More Efficient Glazing, Plain window shading, Local shading(Louvers + Over 

Hangs) and  External Wall Insulation were then determined from the quotations sought from reputable 

contractors as in Appendix vi Replacement of the CAV HVAC system with a VAV HVAC system measure 

costing was done by using the cost of 205 GPB per unit area (m2). This cost was retrieved from Design 

builder as the cost for the VAV template selected for analysis. This was therefore multiplied by the 

conditioned area for the office building. It’s important to note that the current running exchange rate of 

Great British Pound (GBP) and United states dollar ($) at 3800 and 2500 Uganda shillings(Ugx) 

respectively 

Table 21: Building Model Conditioned and Unconditioned Area 

 

However, the default cost of the VAV system from the design builder is not realistic (i.e. Ugx. 

1,167,440,560); therefore a quotation was sought for the same as in Appendix ix. 
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Table 22: Cost on investment for the EECMs 

Energy Efficient Conservation  Measure Cost of Investment/ Ugx 

More Efficient Glazing 19,452,250 

Plain window shading 11,277,500 
Local shading(Louvers + Over Hangs) 67,490,000 

External Wall Insulation 51,601,050 

VAV System 532,826,000 
 

This cost was taken as the cash out flow ( ) as in Equation 3. The Net present worth of each 

measure was then determined and below is the table of results. From 

http://en.wikipedia.org/wiki/Net_present_value , a project adds value if NPW is greater than zero and 

can be accepted otherwise the project should not be accepted.  

 
Table 23: Net Present Worth for each EECM 

Energy Efficient Measure Pwout (Cost of 
Investment)/ 

Ugx 

Pwin/kWh Net Present 
Worth 

Remark 

More Efficient Glazing 
 
 

19,452,250 
 
 

97,311,767 
 
 

77,859,517 

 

May be accept 

Plain window shading 
 

11,277,500 
 

131,338,396 
 

120,060,896 
 

May be accepted 

Local shading(Louvers + 
Over Hangs) 67,490,000 148,182,050 80,692,050 

May be accept 

External Wall Insulation 51,601,050 4,393,446 -47,207,604 Reject 
VAV System 532,826,000 114,311,000 -418,515,000 Reject 
 

Therefore the EECM of More Efficient glazing, plain window shading and local shading are acceptable for 

implementation on the office building under study whereas External Wall insulation and VAV system are 

not worth the investment with the assumed period. 

The savings realized as a result of External Wall insulation are not worth the investment for the existing 

but can be considered for a new similar building in order to have reduced energy consumption and 

Carbon dioxide emissions. The VAV HVAC system has very high cost of investment hence also worth for 

a new construction and not for the existing office building. 
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Chapter 6. Conclusions and Recommendations 

6.1 Conclusions  

 The site average minimum average temperatures range of 16 °C to 18 °C and maximum temperature 

range of 25 ͦC to 28 ͦC indicates that more cooling is required as compared to the heating. The calibrated 

base model conditions revealed a marked impact of up to 57.513 W/m2 solar gains on the building 

especially in the morning hours on addition to other significant constant general lighting gains of 15.12 

W/m2. In order to conserve the Energy and Environment for the building under study, below are the 

conclusions on the EECMs that were evaluated.  

6.1.1 Best practice construction 

The best practice construction with 0.1 ac/hr infiltration rate resulted into energy consumption of up to 

0.53% decrease than the base case. The heating and cooling load requirement were decreased by the 

higher efficient materials characterized by this template.  However it was noted that higher infiltration 

rate resulted into higher energy consumption. With 0.3 ac/hr, 4.43% energy consumption increase is 

realized which further increases to 4.46% with 0.5 ac/hr. 

6.1.2 90 degrees Site Orientation 

Placing the current building to the 90 degree orientation resulted into a significant 3.34% decrease on 

the annual energy consumption. The production of carbon dioxide by the building was in turn also 

reduced by the same proportion. Therefore buildings should be placed in away where the facades with 

more glazing i.e. external windows and doors, are directly facing the direction where the sun neither 

rises nor sets not minimize on internal heat gains from exterior windows which in turn leads to 

increased cooling loads. So for buildings located the region close to the 0o latitude (equator), the best 

site orientation is the 90 degrees. This measure does not require any cost for implementation for 

structures to being planned to be constructed but not possible for existing buildings. 

6.1.3 More Efficient Glazing 

Using more energy efficient windows with higher R-Value, low emissivity and low Solar Heat Gain 

Coefficient (SHGC) is beneficial both in reducing energy consumption and improving the indoor comfort 

levels of the building. Simulation results revealed that replacing the existing windows with a double 

glazed low emissivity windows resulted into up to 17.34% energy reduction and carbon dioxide 

production. Although it might not be possible to apply this measure on the existing building, however it 
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can be applied to similar buildings at the pre-construction stage especially those with large window 

areas but putting the initial cost factor into consideration. 

6.1.4 Local shading 

The combination of Louvers overhangs and sidefins projected at 1.0 meters gave a significant reduction 

on the annual energy consumption of up to 23.4% and the associated carbon dioxide production was 

also reduced by the same proportion. This measure can be applied to the existing building to get the 

benefit. 

6.1.5 Plain window shading 

Simulation of the model with “blinds with high reflectivity slats placed outside” revealed savings on the 

annual energy consumption of up to 26.4%. This window shading option can be applied onto the existing 

building putting the initial cost factor into consideration. 

6.1.6 Controlled Lighting 

Although controlled lighting reduced on the buildings cooling load requirement by 17%, there was no 

significant reduction of the buildings annual energy cost as shown in figure 17. With the revealed 

results, it’s not feasible to apply this measure on the building under study. 

6.1.7 External wall insulation 

Insulation of the building external walls resulted into minimal reduction on the annual energy 

consumption of the office building. Increasing the thickness of the insulation material also leads to 

reduced energy consumption. For example increase from 75mm to 100mm leads to 7% reduction on the 

building’s cooling loads. This measure can be applied to the building under study but given its minimal 

impact on energy consumption and carbon dioxide production, it is not cost effective. 

6.1.8 Replacement of CAV with VAV system 

The VAV system is an energy conservation measure because the system reduces the amount of air 

supply by all the Air Handling units as a function of the zone load hence resulting into reduced energy 

required to condition the various zones. For the building under study, the simulations revealed 20.3 % 

reduction in the annual energy consumption. This measure can be applied on the existing building 

despite the fact that it’s a capital investment. The VAV system can thus be more efficient on future 

similar office buildings. 
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6.1.9 Set point Temperature 

Adjusting the set point temperature for cooling from 24°C to 25°C created a marked impact of 2.9 % 

percentage reduction on the annual energy consumption. This is an operational measure without any 

cost implication which can be adopted onto the building under study and any other similar building. 

6.2 Recommendations 

Based on the conclusions of this research work, the recommendations below are made for the existing 

building as well as for similar future projects in this site setting: 

1. It is highly recommended to use low-emmitance double-glazed windows to explore the benefit 

of energy efficiency especially in large glazed buildings for tropical wet and dry climates. 

2. It is highly recommended to implement Plain window blinds with high reflectivity slats on the 

existing building, similar building and future projects in this site setting. 

3. It is recommended that the cooling set point is adjusted to 25 ͦC for the NEMA office building.  

4. For future projects in this area or other locations with similar site characteristics, buildings 

should be orientated with the highly glazed facades facing the North and South directions. 

5. It is not feasible to implement the VAV system for the current building given the very high cost 

of investment. This system can be implemented for future projects with more feasibility 

analysis. 

6. Local shading using louvers and overhangs can be implemented for the existing building, similar 

office buildings and future projects. 

7. It is not recommended to apply external wall insulation for the building under study because of 

the minimal savings against the high cost of investment. However this EECM is recommended 

for future similar projects. 
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Appendix (i): Ground Floor and First floor Plan of NEMA House 
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Appendix (ii): Second Floor and Third Floor Plan of NEMA House 
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Appendix (iii): Basement Plan of NEMA House 



58 
 

Appendix (iv): Summary of the building Thermal Performance after running the Heating Design 
Calculations 

Zone Comfort Temperature (°C) 
Steady-State Heat Loss 

(kW) 
Design Capacity 

(kW) 
GROUND FLOOR Total Design Capacity= 7.240 KW 

Trainees 21.25 0.37 0.45 
Researchers 21.54 0.26 0.31 
Ladies 19.82 0 0 
Lobby and Sitting Area 19.94 1.99 2.39 
Gents 19.98 0.06 0.07 
Disabled 21.41 0.14 0.16 
Papo 21.55 0.14 0.17 
Quick Reference 21.51 0.26 0.31 
Multimedia Room 21.18 0.41 0.49 
Fire Escape 21.18 0.3 0.36 
Corridal 21.71 0.2 0.24 
Secretary 21.61 0.15 0.18 
General Office 21.51 0.62 0.74 
Fire Escape 21.04 0.28 0.33 
Childrens Books 21.51 0.3 0.36 
Main Library 21.51 0.4 0.48 
Engineers Office 21.41 0.17 0.2 

FIRST FLOOR Total Design Capacity=6.72 KW 
SECRETARY  2 20.93 0.36 0.44 
DSC. OFFICERS  1 21.21 0.16 0.19 
E_EDU BOOKS 21.39 0.17 0.21 
CTO 21.12 0.23 0.28 
LADIES URINALS  1 19.75 0.13 0.15 
Gents 19.75 0.13 0.15 
EIAS 21.27 0.23 0.28 
GIS EISS 21.39 0.16 0.2 
EISA GIS_RA 21.29 0.35 0.42 
Analyst Lab 20.96 0.49 0.59 
Fire Escape 20.86 0.32 0.38 
Director FM 21.29 0.28 0.34 
Secretary  1 21.35 0.21 0.26 
General office 21.22 0.62 0.74 
Fire Escape Stair case 20.89 0.32 0.39 
Director 21.34 0.2 0.24 
DSC. OFFICERS 21.56 0.09 0.11 
Secretary 21.39 0.18 0.22 
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Resource Store 21.37 0.19 0.22 
Zone 2 21.63 0.04 0.05 
Graphics Office 21.34 0.24 0.28 
EES 21.52 0.1 0.12 
Drawing Office 21.26 0.34 0.41 
CLEANERS ROOM 21.36 0.04 0.05 

SECOND  FLOOR Total Design Capacity= 7.070 KW 
FIRE ESCAPE  1 20.82 0.7 0.84 
STORAGE & EQUIPMENT 21.29 0.22 0.27 
REGISTRY 21.27 0.36 0.44 
ENRE 21.27 0.23 0.27 
URINALS LADIES 19.67 0.13 0.16 
URINALS GENTS 19.8 0.1 0.12 
ACC.CASHIER 21.34 0.2 0.24 
ACC. ASSISTANT 21.42 0.17 0.21 
PAO 21.41 0.18 0.21 
ADMIN.OFFICE 21.4 0.18 0.21 
PERSONEL OFFICE 21.33 0.21 0.25 
FIRE ESCAPE 20.82 0.67 0.81 
SECRETARY SHARED 21.4 0.18 0.22 
DIRECTOR FINANCE  7 21.54 0.28 0.34 
CHIEF ACCOUNTANT 21.33 0.33 0.39 
PROPERTY MANAGER 21.32 0.24 0.29 
COMMON ROOM 21.29 0.21 0.26 
SECRETARY 21.36 0.19 0.23 
BOARD ROOM 21.21 0.72 0.86 
DIRECTOR FINANCE 21.26 0.38 0.45 

THIRD FLOOR Total Design Capacity= 7.800 KW 
FIRE ESCAPE 20.83 0.35 0.41 
Lecture Room 21.14 0.58 0.69 
ENRE 21.21 0.24 0.29 
Ladies 19.59 0.17 0.2 
Gents 21.14 0.32 0.39 
Meeting Room 21.3 0.21 0.25 
Secretary 21.32 0.2 0.24 
Executive Director 21.2 0.47 0.57 
Toilet 21.34 0.14 0.16 
Fire Escape 20.83 0.33 0.39 
Meeting Room 20.91 0.53 0.64 
DED 21.21 0.38 0.46 
Secretary 21.31 0.21 0.25 



60 
 

Consultants 21.31 0.21 0.25 
Bio-Diversity 21.17 0.4 0.48 
Land Use 20.92 0.53 0.64 
Director PPL 21.23 0.31 0.38 
Secretary Shared 21.25 0.28 0.34 
Chambers 21.52 0.12 0.14 
Senior Legal Officer 21.19 0.31 0.38 
Chambers 21.14 0.21 0.25 
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Appendix (v): Summary of the building Thermal Performance after running the cooling Design Calculations 

one/Room 

Design 
Capacity 
(kW) 

Design 
Flow 
Rate 
(m3/s) 

Total 
Cooling 
Load 
(kW) 

Sensible 
(kW) 

Latent 
(kW) 

Air 
Temperature 
(°C) 

Humidity 
(%) 

Time 
of Max 
Cooling 

Max 
Op 
Temp 
in 
Day 
(°C) 

Floor 
Area 
(m2) 

Volume 
(m3) 

Flow/Floor 
Area (l/s-
m2) 

 TOTAL BUILDING COOLING REQUIREMENT =193.190  KW 
 GROUD FLOOR Total Design Capacity= 72.63KW 
 Trainees 2.91 0.22 2.53 2.41 0.12 24 48.1 12:00 30 22.9 80 9.62 
 Researchers 2.74 0.21 2.38 2.26 0.12 24 48.2 11:30 29.5 22.9 80 9.03 
 Ladies 1.76 0.12 1.53 1.41 0.12 25 46.1 11:30 29.2 18 63 6.61 
 Lobby and Sitting Area 36.97 3.04 32.15 30.53 1.61 23 51.1 17:00 27.7 427.3 1803.4 7.12 
 Gents 1.57 0.11 1.37 1.26 0.11 25 46.1 11:30 29 16.4 57.5 6.49 
 Disabled 1.18 0.09 1.03 0.98 0.04 24 47.9 11:30 29.2 7.9 27.5 11.42 
 Papo 1.42 0.11 1.23 1.17 0.06 24 48.1 11:30 28.9 11.2 39.2 9.55 
 Quick Reference 2.63 0.2 2.28 2.17 0.11 24 48.2 11:30 29.6 21.5 75.3 9.21 
 Multimedia Room 3.73 0.28 3.24 3.11 0.13 24 47.9 17:00 31.8 22.9 80 12.44 
 Fire Escape 1.65 0.12 1.44 1.35 0.08 24 48.3 17:00 28.8 15.6 54.7 7.91 
 Corridal 1.79 0.13 1.56 1.46 0.1 24 48.6 15:00 27.6 20.6 72.2 6.47 
 Secretary 1.2 0.09 1.04 0.97 0.07 24 48.6 17:00 28 13.6 47.4 6.53 
 General Office 4.65 0.34 4.05 3.74 0.3 24 48.8 17:00 28.5 58.5 204.7 5.85 
 Fire Escape 2.34 0.18 2.03 1.97 0.06 24 47.7 17:00 32 10.8 37.9 16.65 
 Childrens Books 2.22 0.16 1.93 1.79 0.14 24 48.6 17:00 28.5 25.8 90.3 6.35 
 Main Library 2.9 0.21 2.52 2.34 0.19 24 48.7 17:00 28.4 35.6 124.7 5.99 
 Engineers Office 0.97 0.07 0.84 0.79 0.05 24 48.4 17:00 27.9 9.5 33.3 7.59 
 FIRST FLOOR Total Design Capacity= 38.510KW 
 SECRETARY  2 2.06 0.16 1.79 1.71 0.08 24 48 12:00 30 15 52.6 10.37 
 DSC. OFFICERS  1 1.37 0.11 1.19 1.15 0.04 24 47.8 11:00 29.8 7.4 26 14.18 
 E_EDU BOOKS 1.44 0.11 1.25 1.19 0.06 24 48.1 11:30 28.9 11.2 39.2 9.74 
 CTO 1.87 0.14 1.63 1.57 0.06 24 47.8 11:00 30 10.5 36.9 13.63 
 LADIES URINALS  1 1.82 0.12 1.58 1.47 0.11 25 46 11:30 28.7 17.4 60.8 7.12 
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Gents 1.85 0.13 1.61 1.5 0.11 25 45.9 11:30 28.8 
EIAS 1.7 0.13 1.48 1.41 0.07 24 48.1 11:30 29 
GIS EISS 1.36 0.1 1.18 1.13 0.06 24 48.1 11:30 28.9 
EISA GIS_RA 2.92 0.22 2.54 2.41 0.13 24 48.2 11:30 29.7 
Analyst Lab 4.05 0.31 3.53 3.39 0.13 24 47.8 17:00 32.1 
Fire Escape 2.52 0.2 2.2 2.14 0.06 24 47.4 17:30 32.7 
Director FM 1.63 0.12 1.41 1.32 0.1 24 48.6 17:00 28.5 
Secretary  1 1.2 0.09 1.04 0.97 0.07 24 48.7 17:00 28 
General office 3.36 0.25 2.92 2.7 0.23 24 48.8 17:00 28.4 
Fire Escape Stair case 1.37 0.1 1.19 1.13 0.06 24 48.2 17:00 29.1 
Director 1.08 0.08 0.94 0.87 0.07 24 48.6 17:00 27.9 
DSC. OFFICERS 0.67 0.05 0.58 0.55 0.03 24 48.4 14:30 27.9 
Secretary 1 0.07 0.87 0.81 0.06 24 48.7 17:00 27.7 
Resourse Store 1.04 0.08 0.9 0.84 0.06 24 48.7 17:00 27.8 
Zone 2 0.29 0.02 0.25 0.24 0.01 24 48.3 14:30 27.6 
Graphics Office 1.31 0.1 1.14 1.05 0.08 24 48.7 17:00 28 
EES 0.65 0.05 0.56 0.53 0.03 24 48.5 14:30 27.6 
Drawing Office 1.81 0.13 1.57 1.46 0.12 24 48.7 17:00 28.2 
CLEANERS ROOM 0.14 0.01 0.12 0.12 0.01 24 48.2 14:30 27.3 

SECOND  FLOOR Total Design Capacity= 39.390KW 
FIRE ESCAPE  1 3.2 0.24 2.78 2.64 0.14 24 48.2 16:30 29.7 
STORAGE & EQUIPMENT 1.62 0.12 1.41 1.34 0.07 24 48.1 11:30 29.2 
REGISTRY 2.82 0.21 2.45 2.32 0.13 24 48.2 11:30 29.5 
ENRE 1.58 0.12 1.37 1.3 0.07 24 48.1 11:30 29.1 
URINALS LADIES 1.68 0.11 1.46 1.35 0.11 25 46.2 11:30 29.2 
URINALS GENTS 1.63 0.11 1.41 1.3 0.11 25 46.2 11:30 29.1 
ACC.CASHIER 1.49 0.11 1.3 1.23 0.07 24 48.2 11:30 28.9 
ACC. ASSISTANT 1.43 0.11 1.24 1.18 0.06 24 48.2 11:30 28.8 
PAO 1.48 0.11 1.29 1.22 0.06 24 48.1 11:30 29 
ADMIN.OFFICE 1.5 0.11 1.3 1.24 0.06 24 48.1 11:30 29 
PERSONEL OFFICE 1.72 0.13 1.5 1.43 0.07 24 48.1 11:00 29.6 
FIRE ESCAPE 5.43 0.42 4.72 4.58 0.14 24 47.7 17:00 33.2 
SECRETARY SHARED 1.01 0.07 0.88 0.82 0.06 24 48.7 17:00 27.8 
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DIRECTOR FINANCE  7 1.76 0.13 1.53 1.44 0.09 24 48.6 14:30 27.4 
CHIEF ACCOUNTANT 1.84 0.13 1.6 1.47 0.12 24 48.8 17:00 28.1 
PROPERTY MANAGER 1.26 0.09 1.09 1.01 0.08 24 48.7 17:00 27.9 
COMMON ROOM 1.08 0.08 0.94 0.88 0.06 24 48.6 17:00 28 
SECRETARY 0.99 0.07 0.86 0.8 0.06 24 48.7 17:00 27.8 
BOARD ROOM 3.78 0.28 3.28 3.02 0.26 24 48.9 17:00 28.4 
DIRECTOR FINANCE 2.09 0.15 1.82 1.69 0.13 24 48.7 17:00 28.6 

THIRD FLOOR Total Design Capacity=  42.660 KW 
FIRE ESCAPE 1.83 0.14 1.59 1.53 0.06 24 47.9 15:00 29.9 
Lecture Room 4.52 0.34 3.93 3.74 0.19 24 48.1 11:30 29.8 
ENRE 1.7 0.13 1.48 1.41 0.07 24 48.1 12:00 29.1 
Ladies 2.06 0.14 1.79 1.66 0.13 25 46 11:30 29.2 
Gents 2.25 0.17 1.95 1.86 0.09 24 48.1 11:30 29.2 
Meeting Room 1.61 0.12 1.4 1.33 0.07 24 48.1 11:30 28.9 
Secretary 1.56 0.12 1.36 1.3 0.06 24 48.1 12:00 28.9 
Executive Director 3.84 0.29 3.34 3.18 0.16 24 48.1 11:30 29.6 
Toilet 1 0.08 0.87 0.84 0.04 24 47.9 12:00 29.2 
Fire Escape 2.78 0.21 2.41 2.35 0.06 24 47.6 17:00 33 
Meeting Room 3.69 0.28 3.21 3.08 0.14 24 47.9 17:00 31 
DED 2.17 0.16 1.89 1.76 0.12 24 48.5 17:00 28.5 
Secretary 1.14 0.08 0.99 0.93 0.06 24 48.5 17:00 28 
Consultants 1.14 0.08 0.99 0.93 0.06 24 48.5 17:00 27.9 
Bio-Diversity 2.13 0.16 1.85 1.72 0.13 24 48.6 17:00 28.3 
Land Use 2.54 0.19 2.21 2.08 0.13 24 48.4 17:00 29.1 
Director PPL 1.72 0.13 1.5 1.4 0.1 24 48.5 17:00 28.3 
Secretary Shared 1.57 0.12 1.37 1.28 0.09 24 48.5 17:00 28.2 
Chambers 0.75 0.06 0.66 0.61 0.04 24 48.7 15:00 27.2 
Senior Legal Officer 1.62 0.12 1.41 1.31 0.09 24 48.6 17:00 28.1 
Chambers 1.04 0.08 0.9 0.85 0.05 24 48.3 17:00 28.4 
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Appendix (vi): carbon dioxide production with the individual EECM 

            
MONTH JAN FEB MAR APIRL MAY JUNE JULY AUG SEPT OCT NOV

Base case 21366 19880 19553 20559 19602 16689 17477 17564 17978 20307 18958
Best practice 
construction  21523 19765 20054 21116 20871 17991 19620 19088 19004 21169 19511

90 Degree Site 
Orientation 21037 18535 17299 19245 19896 17464 18183 16943 15993 18623 18622

More Efficient 
Glazing 17802 16572 16181 17134 16194 13628 14071 14299 14850 16837 15830

Plain window 
shading 16480 15490 15092 16035 14975 12531 12844 13137 13771 15644 14686

Local shading 15786 14907 14517 15483 14402 12085 12374 12597 13216 15016 14075
Controlled Lighting 21386 19883 19559 20595 19651 16723 17502 17585 18010 20395 19088
External Wall 
Insulation 21285 19873 19887 20000 20300 17049 17300 18133 17021 19003 19376

VAV without side 
air reset 16926 15601 15471 16247 15674 13393 14196 14173 14387 16164 15065

Set point 
temperature 20827 19365 18988 19913 18941 16160 16899 17034 17481 19734 18426
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Appendix (vii) 
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Appendix (viii): Preferred quotation used for costing the EECMs 
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Appendix (ix) 

PROPOSED: NEMA HOUSE HVAC SYTEM. 

AIRCONDITIONING  INSTALLATION - BILLS OF QUANTITIES                  
VRV SYSTEM      
Item Description/Specification Unit Qty Rate(USD) Amount(USD) 

  AIR CONDITIONING INSTALLATION         

            

           

  
Provide all materials, install, connect and set to 
work the following all as described in the 
Drawings. 

        

            

  Indoor Units         

A 

LG Single Package Unit, cooling capacity 57.7kW 
Nominal Ton 15RT Air Circulation 5,850CFM, 
Power input 18kW, with centrifugal blower as GK-
C1808C00. 

No 3 30,900.00 92,700.00 

           

A 

LG Single Package Unit, cooling capacity 70kW 
Nominal Ton 20RT Air Circulation 8,000CFM, 
Power input 25kW, with centrifugal blower as GK-
C2408C00 

No 1 31,710.00 31,710.00 

  Air Supply Duct         

i 
Rectangular shaped riser pre-insulated duct with anti 
bacterial film 20mm thick size 600x600mm complete 
with all fitings and accessories. 

LM 25  $                   
340.80   $ 8,520.00  

ii 30 micron Prefilter 600x300mm LM 10  $                
1,440.00   $14,400.00  

iii 5 micron HEPA filter 600x600mm LM 10  $                
1,920.00   $19,200.00  
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Rectangular shaped pre-insulated duct with anti-
bacterial film 22mm thick complete with all fittings 
and accessories 

        

ii Ditto but 600x500mm LM 40  $                     
83.60   $3,344.00  

iii Ditto but 500x300mm LM 35  $                     
60.80   $2,128.00  

  Ditto but 400x300mm LM 30  $                     
53.20   $1,596.00  

v Ditto but 300x300mm LM 35  $                     
45.60   $1,596.00  

vi Ditto but 200x200mm LM 75  $                     
30.40   $2,280.00  

            

  Reducers         

i 600x500mm by 500x300mm No. 5  $                     
59.00   $294.98  

ii 500x300mm by 400x300mm No. 5  $                     
48.07   $240.35  

  Tee         

vi 600x600x500 mm No. 4  $                   
161.50   $ 646.00  

vii 500x500x200mm No. 3  $                   
102.60   $307.80  

  400x400x200mm No. 10  $                     
99.10   $ 991.00  

  300x300x200mm No. 5  $                     
85.00   $425.00  

  Bends         

i 600x600mm No. 4  $                   
156.56   $ 626.24  

ii 400x300mm No. 9  $                     
80.56   $725.04  

iii 200x200mm No. 8  $                     
65.00   $ 520.00  

            

  Volume control Damper 200x200 No. 40  $                     
63.00   $2,520.00  
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  Supply of a booster fan for the air flow in the duct. No 4  $           
5,075.00   $20,300.00  

            
  

Air diffuser mounted on air supply ducts 
300x300mm, complete with all accessories. No 36  $                  

85.00  

 $3,060.00  

            
  

Supply of flexible ducts. 
M 200 25.00  $5,000.00  

  TOTAL COST(USD)       
213,130 

 


