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Abstract 
It is an undeniable fact that the average temperature is rising. This temperature increase is greatly being influenced 

by indisputable climate change. The bulk of the negative effects of this climatic change are felt more in the cities. 

These cities have some critical urban characteristics like unplanned, congested buildings lack of landscape features 

and reflective surfaces Thus giving rise to urban heat island effect, urban-dust-dome effect and radiation effects 

from reflective surfaces of roads and roofs. Indoor thermal stresses in these cities are equally increasing because 

both indoor and outdoor thermal comfort levels are negatively affected. Green strategy is the concept that focuses 

on using passive means to minimize these environmental problems and improving the indoor air quality IAQ and 

thermal comfort. When passive means of achieving indoor comfort is effectively implemented, it  results in 

reducing the excessive use of non-renewable energy for mechanical means of achieving indoor comfort. The main 

highlight of green strategy is sustainability in the built environment in particular and the entire universe in general. 

This paper evaluates the efficient use of passive design techniques that will achieve indoor comfort and ensure 

energy efficient buildings and environmental sustainability. The researchers employed descriptive research 

methods with extensive literature review. Survey method and statistical regression analysis based on Software 

Package for Social Sciences (SPSS) standards, is used to establish the relationship between different green 

strategies and thermal comfort. The conclusion highlights the importance of green strategies in improving the 

indoor thermal comfort of occupants in office buildings 
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1.1 Introduction 
In most countries within the tropical regions and subregions of hot climate areas, extreme heat has been a daunting 

problem. This problem is becoming more challenging because the indoor spaces where we spend about 90% of 

the time, is not properly designed to respond to the changing climate trends (Leech et al., 2002). Rather the 

designers pay more attention to aesthetic features ignoring the most important aspects of functionality, ventilation 

and thermal comfort of the occupants. With the increasing rise in average temperature, coupled with poor 

ventilation of the buildings, the occupants have no other alternative than to rely on artificial means for cooling and 

lighting. The frequent power disruption and load shedding in Nigeria, which last over eight hours a day amid hot 

dry conditions have made the life of city dwellers more miserable and has not helped matters (Akande, 2010). The 

immediate effect is uncomfortable indoor environment which may lead to poor productivity, health and 

psychological consequences (Parsons, 2003). 

Green strategies are effective passive means of achieving indoor comfort in a more sustainable manner, which 

will also minimize adverse effect to the environment. Green strategies can be actualized through many frontiers, 

like efficient use of materials, energy efficiency in buildings and design strategies. All these are sustainable 

strategies that are recent means of averting the negative consequences of human-induced activities which then 

guarantee comfort in both indoor and outdoor environments. This research concentrates on green techniques that 

will facilitate energy efficiency because energy is a critical key element in the world economy today. Energy is a 

major cost component in building industry which influences both cost of construction and running buildings.     

In this era of technological growth, energy is regarded as a scarce resource. Energy is specifically valued in 

architecture because virtually all materials and the technology of their production are driven by one form of energy 

or another (Atolagbe and Fadamiro, 2005). Energy is highly indispensable in sourcing, manufacturing, 

transportation, assemblage and in cooling, warming and cleaning of built spaces (Atolagbe and Ajayi, 2015). 

Several studies have confirmed that the building industry ranks highest in energy consumption worldwide. In some 

of those studies, it was stressed that buildings account for about 40% of the global energy consumption and 

contribute over 30% of the CO2 emissions (Koranteng, Essel and Nkrumah, 2015; Akande, Fafiyi and Mark, 2015; 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by International Institute for Science, Technology and Education (IISTE): E-Journals

https://core.ac.uk/display/234644187?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Innovative Systems Design and Engineering                                                                                                                                     www.iiste.org 

ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online)  DOI: 10.7176/ISDE 

Vol.10, No.7, 2019 

 

28 

Oyedepo, 2014; Ohajuruka, 2013). Still narrowing it down, a large proportion of this energy is used for thermal 

comfort in buildings (Yang, Yan and Lam, 2012). The increased use of air-conditioners and lack of sustainable 

design approaches especially in public buildings like offices, have led to the present energy crisis (Koranteng, 

Essel and Nkrumah, 2015). 

To address this issue several researches have been conducted in both temperate and tropical regions. In Greece, 

Nicosia Cyprus, London United Kingdom, Germany and Kuwait, different aspects of building envelope designs 

were evaluated against indoor thermal performance by different researchers (Konstantina,  Eli, Christian, Efrosini 

and Agis, 2014;; Chu, Li, Lu, Hou and Wang, 2012; AI-Anzi, Seo and Kranti, 2009). In some tropical countries 

like Ghana and Indonesia, similar studies were investigated on the influence of building envelope design on indoor 

comfort (Rashdi, Suraya and Embi, 2016; Koranteng et al,. 2015). However, in Nigeria and particularly in south 

eastern region, few of such researches have been carried out. It is this knowledge gap that this research intends to 

address.   

 

1.2 Problem Statement. 

Most existing office buildings in Enugu urban were designed without adherence to standards in terms of window 

orientation, natural ventilation, shading devices and compact form. These are among some passive green strategies 

that ought to have given succour to the building occupants against the uncomfortable indoor environment. Building 

form, spacing and configuration affects both the solar and wind factors. They play a large role in determining the 

amount of solar radiation received by the building surface and air flow rate into the indoor space (Nayak and 

Prajapati, 2006). Building surface being the exposed components to the outdoor environment should be compact 

in terms of surface to volume (S/V) ratio to help maintain thermal performance and occupants’ comfort. 

Orientation particularly window orientation, affects positively the indoor thermal comfort by minimizing the 

direct solar radiation into the building envelope. It also facilitates air flow in form of natural ventilation into the 

indoor spaces. Architectural design strategies in respect of natural ventilation and sun shading devices increase 

indoor air velocity and body cooling mechanism. These are some passive green strategies that form the major 

design inputs that should be the bedrock of office buildings. But however, these were not properly articulated and 

implemented in most office buildings in Enugu metropolis. They are the main bane of indoor thermal discomfort 

which affects the occupants of office buildings in Enugu. 

 

1.3 Aim and Objectives. 

The aim of this research is to assess the influence of green strategies on indoor comfort in office buildings in Enugu 

state. Green strategy is highly connected to energy efficy and environmental sustainability.. These objectives are 

posited to achieve the aim, 

(a) To evaluate through self- report of respondents on the extent to which design strategies (DS) can  

influence thermal comfort. 

(b) To assess the likelihood of how energy efficiency (EE) can affect thermal comfort of office buildings in 

the tropics. 

(c) To assess the impact of material properties (MP) on thermal comfort of office buildings in tropical region. 

 

1.4 Conceptual Framework. 

The conceptual framework that guides this research is to establish the relationships that exit among design 

strategies, energy efficiency, building material selection and thermal comfort. It is from the conceptual framework 

that the hypotheses are formulated. This conceptual framework is expressed diagrammatically in figure 1,1 below. 

Figure 1.1 Showing the relationship among green techniques (design Strategies, energy efficiency and Material 

properties) to thermal comfort 

 
Source; Researcher’s concept. 
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(a) Hypothesis 1; Design strategies cannot substantially influence indoor comfort in office buildings. 

(b) Hypothesis 2; Energy Efficiency does not effectively influence indoor comfort of occupants in office 

buildings. 

(c) Hypothesis 3; Material Properties cannot significantly influence indoor comfort in office buildings 

 

2.0 Review of Related Literature. 

Green strategies that affect indoor comfort of office buildings could be grouped into three categories namely, 

design strategies, energy efficient strategies and material selection. 

 

2.1 Design strategies (DS) 
These are passive design variables that are targeted towards harnessing the potentials of the immediate natural 

environment for the purpose of providing indoor comfort at minimum energy demand. Building envelope have 

great influence on both the indoor and outdoor space conditions (Goulding, Lewis and Steemers, 1992). The 

different elements of building envelope are the main components that affect the overall heat transfer coefficients. 

Research has verified that buildings account for 36%, 25% and 43% of the peak cooling load in Hongkong, 

Singapore and Saudi Arabia respectively (Al-Tamimi, Fadzil and Harun, 2010). Since Nigeria is within the tropical 

region like the countries mentioned above, the indoor environment could equally be influenced by the building 

envelope.  Acoording to Appah and Koranteng (2012) many factors such as shape, orientation, absorption of solar 

radiation, window-to-wall ratio and material selection, are the various means in which buildings respond to the 

external environment. The individual elements of buildings envelope that moderate climatic potentials are 

discussed below. 

2.1.1 Building Forms and Geometry. 

Building form, its spacing and configuration within the neighbourhood affects both the solar and wind factors. 

They play a large role in determining the amount of solar radiation received by the building surface and also the 

quantity and speed of air flow through the building indoor spaces (Nayak and Prajapati, 2006). Compact forms 

such as cubes and lower surface-volume ratio (S/V), show lower heat gain than elongated forms (Federal Ministry 

of Power, Works and Housing, FMPWH, 2016). In related research, Wang, Rivard and Zmeureanu,  (2006) stated 

that selecting the optimum shape, orientation and envelope configuration can reduce the energy consumption by 

about 40%. High energy demand for the provision of indoor comfort in built sector is ranked high among the major 

issues of sustainable environment. If about 40% of energy required in building sector can saved by shape factor 

and orientation, it suggests the effectiveness of the green strategy. 

2.1.2 Building fenestration. 
Window placement, size and orientation have a strong influence on the productivity and indoor comfort of building 

occupants (Appah and Koranteng, 2012). It was also reported by Al-Najem (2002) after a research on the effect of 

ventilation in the tropics, that heat gain through the exterior windows account for 25-28% of the total heat gain. 

However, Carmody, 

Selkowitz, Arastch and Heschong, (2007) stipulated that high performance windows have benefits such as 

increased comfort, reduced condensation problems and heat gain control. A study carried out by Bokel (2007) on 

the effect of window position and window size on energy demand for heating, cooling and electric lighting, arrived 

at the following conclusions; 

(a) that external facades should have a WWR of about 30% of the facade area. 

(b) that WWR between 20% to 40% is also acceptable. 

These results indicate that it is only the optimal window-to-wall ratio that will ensure adequate natural ventilation, 

reduction in solar heat gain and guarantee indoor comfort at minimum energy consumption. One of the major 

objectives of this study is to verify the relationship between percentage size of window as part of design techniques 

and thermal comfort.   

2.1.3 Shading Devices. 

The main purpose of shading devices is to protect and shade building facades from the direct effects of solar 

radiation. This will minimize the amount of heat gain from outdoor to indoor spaces. In a study conducted by Al-

Tamimi, Fadzil,and Sharifah (2011), it was concluded that selecting the best shading devices can improve the 

number of comfortable hours. In the tropics, the percentage increase of these improvements is about 20% and 4.7% 

in unventilated and ventilated conditions respectively. Shading both transparent and opaque surfaces of the 

building envelope will minimize the amount of solar radiation that induces overheating in both indoor spaces and 

building structure. 

2,1,4 Building Orientation. 

Buildings that are well orientated on the site with reference to sun’s path will provide better thermal comfort to 

the occupants (Muktar and Halil- Zafer, 2017). In the tropical regions, the alignment of the longer facade of 

buildings in the north and south axis will reduce solar heat gain and facilitate natural ventilation (Syed Fadzil and 

Sin Sheau, 2004). Selecting the most optimal building orientation is one of the critical energy efficient design 
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decisions that could have great impact on building envelope energy performance (Nedhal- Ahmed and Sharifah-

Fairuz, 2009). This can be used to minimize the direct sun radiation into the building windows, building openings 

as well as external opaque walls. Despite the positive impact of building orientation on indoor comfort, the required 

attention is given to it, but rather more regard is on the street and access-based orientation. The purpose of 

orientation is to turn the building to its most important side so that occupants will have the best living conditions 

even when the weather is not too conducive (Akande, 2010 in John and Lesado, 2017).  An adequately oriented 

building can save a lot of money by cutting down heating and cooling costs (EcoWho 2017). Also Prianto et 

al,.2000 concluded that building orientation has a strong correlation with wind direction and sun radiation. These 

research findings are all pointing out the importance of orientation as a contributory factor to indoor comfort. 

 

2. 2 Energy Efficiency (EE). 

Energy efficiency is one of the passive cooling or heating initiatives that focusses on heat gain control and heat 

dissipation to improve indoor thermal comfort with low or no energy consumption (Leo Samuel, Shiva Nagendra 

and Maiya, 2013). Natural cooling techniques utilize the interaction between the energy available from immediate 

natural environment and building envelope design to dissipate heat (Niles and Kenneth, 1980). Attaining energy 

efficiency and conservation in the achievement of indoor comfort in the built environment, is one the targets of 

green strategies because of sustainability benefits involved.  Building design is one of the key factors determining 

the building’s energy efficiency besides occupant behaviour (Akande, Fabiyi and Mark, 2015). Some specific 

design passive techniques for actualizing indoor comfort with little or no energy requirement include but not 

limited to natural ventilation, Landscaping and installation of renewable energy resources. 

2.2.1 Natural Ventilation. 

Natural ventilation keeps the air moving within the indoor environment and therefore keeps the inhabitants cooler 

even without the use of energy. Some studies revealed that thermal comfort in naturally ventilated environments 

is much better than in mechanically controlled environments (Fanger and Toftus, 2002; Xia,Zhao and Jiang,.1999). 

Wong and Huang (2004) made a comparative study on the indoor air quality of naturally ventilated and air-

conditioned bedrooms of residential buildings in Singapore (hot humid climate like Nigeria). 

The finding of this research was that thermal comfort in an air- conditioned environments were usually 

overcooled, resulting in extremely high PPD (percentage People Dissatisfied) 

2.2,2 Landscaping; 

Landscaping of the immediate external environment of buildings can moderate the indoor temperature and improve 

thermal comfort of occupants. In a research on climate change and Architects’ perspective towards achieving 

thermal comfort in buildings in south Eastern Nigeria, the importance of green areas on thermal comfort was 

emphasized. It was concluded that vegetation absorbs unwanted carbon dioxide, cleans the air, reduces the sun 

glare, absorbs solar radiation, and by transpiration cools the air, and help reduce overheating of the air (Alozie, 

Eze and Irouke, 2016). 

2.2.3 Renewable Energy/Energy saving techniques. 

The concept of energy efficient buildings has implications on regulations, economic energy demand and the 

environment (March, 2005). Energy efficient buildings are buildings which use design practices to take advantage 

of natural resources and minimize energy waste. This ensures drastic reduction of environmental pollution and 

sustainability of the ecosystem. Renewable energy resources commonly used for building applications include 

solar, wind geothermal, and biomass. Chwieduk, (2003) proposed three basic criteria for an energy efficient 

building and there are; 

►the building should be equipped with efficient installations and materials appropriate for the location and 

conditions. 

►the building should be provided with amenities and services appropriate to the buildings’ 

intended use 

►the building should be operated as much as possible to ensure low energy use when 

compared to other similar buildings. 

These criteria for energy efficient buildings not only guarantee indoor thermal comfort but also ensure 

environmental sustainability. 

 

2.3 Material Properties (MP). 

The properties of building materials of various building components play very important role in controlling the 

processes of heat transfer which eventually influence indoor thermal performance. Heat transfer mechanisms 

between the outdoor and indoor environments affect the indoor temperature which is very fundamental to indoor 

thermal comfort. Though it is important to note that solar heat gain pass though window openings, but opaque 

walls also admit solar heat gain as explained below. The most important thermal properties that affect indoor 

thermal comfort are, surface qualities, thermal conductivity, thermal resistance, thermal transmittance and density. 
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2.3.1 Surface qualities. 

Absorptance/reflectance will strongly influence the solar heat input. To minimize indoor solar heat input, reflective 

surfaces are preferred. 

2.3.2 Thermal conductivity λ 
Thermal conductivity is a property of the material which represents the quantity of heat per unit time in watts, that 

flows through a 1m thick even layer of material with an area of 1m2, across a temperature gradient of 1 K (Kelvin)  

in the direction of heat flow (CSR Hebel Technical Manual, 2006). The lower the value of thermal conductivity, 

the less the thermal heat transmitted (Mahia, Taufiq, Ismail and Masjuki, 2007). Building materials with low 

conductivity is preferable in terms of ensuring less solar heat gain through the opaque walls. 

2.3.3  Thermal Resistance of materials R. 

The thermal resistance of a material is the ability to obstruct the flow of heat between two surfaces of different 

temperatures. Resistance can be expressed as the R-value which is a function of the material thickness and the 

reciprocal of its thermal conductivity (CSR Hebel Technical Manual, 2006). 

2.3.4 Thermal Transmittance, or U-value 

This is the heat flow density (W/m2) with 1K temperature difference (∆T) between air inside and air outside in 

units of W/m2K (Szokolay, 2004). 

Thermal transmittance is a direct measure of the thermal insulating ability of a given building component air 

to air. It is inversely proportional to the measure of the total thermal resistance of the material component, R (given 

as U =  1/R) (CSR Hebel Technical Manual, 2006).Table 2.1 below indicates the U-values of some basic building 

components. 

Table 2.1. Building Fabric materials and their U- values 

Building Components Materials Used U- value 

(W/m2 k 

Roof Aluminium roofing sheets 1.27 

Wall 200mm sandcrete wall with plaster 1.14 

Window pane 4mm single glazed reflective glass 5.80 

Window frame Aluminium frame 5.88 

Door frame 25mm hardwood panel door 3.20 

Door frame 50mm hardwood 2.84 

Floor 150mm concrete slab with 50mm screed 0.82 

Source; Koranteng and Nkrumah, (2015).  

2.3.5 Density and Porosity. 

The density Ƿ is the mass of a volume (Kg/m3 )  of the material comprising the solid itself and gas-filled pores. 

Density plays major role in the thermal properties because the lighter the material, the more insulating and the 

heavier the more heat storing (Rosenlund, 2000).  For insulating and minimum heat flow, lighter building materials 

are recommended. But these light materials lack structural stability which is required in most building components. 

In internal spaces where it is necessary to regulate temperature using passive means, composite elements made up 

of both light and dense materials could be used. 

 

2.4 Thermal comfort. 

Thermal comfort is defined as the condition of the mind which expresses satisfaction or dissatisfaction with the 

thermal environment (Malgwi and Musa, 2014). Thermal environment in this context is concerned with the 

immediate environment which could be an enclosed or open space. The environmental conditions of both indoor 

and outdoor spaces affect the level of human thermal comfort. But however, this research concentrates on the 

indoor environment because it is more defined and can be controlled by some design measures to suit human 

comfort. Since substantial amount of time is spent at indoor space either to work, rest and for leisure, it is 

imperative that indoor spaces should be conducive and comfortable for the occupants. 

The use of mechanical means of ventilation requires high energy demand which is more expensive. But 

unfortunately, the economic and environmental costs of obtaining this indoor comfort through artificial means are 

becoming very expensive and unaffordable to the average citizenry. This has triggered many research studies on 

the use of building envelope design to achieve indoor comfort at minimal energy demand. 

.  

3.0 Methodology. 

3.1 Data Collection. 

Descriptive research methodology design was considered adequate for this study because it is basically concerned 



Innovative Systems Design and Engineering                                                                                                                                     www.iiste.org 

ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online)  DOI: 10.7176/ISDE 

Vol.10, No.7, 2019 

 

32 

with possible causal relationship between phenomenon and variables. According to Kothari and Garg (2014) 

descriptive research methodology is all about specific prediction, narration of facts and characteristics concerning 

individuals, groups or situations Data for this research was through primary sources.  

Subjective data collection techniques like questionnaires and interviews were adopted. This method is 

considered adequate because it is one of the most economical means of obtaining the occupants thermal comfort 

preferences and perceptions. The number of respondents is selected from a poll of Enugu State civil servants in 

the ministry who must have been in active service for not less than five years. This is to ensure that the respondents 

must have experienced afternoon indoor office conditions through the two major seasons (dry and rainy seasons) 

prevalent in the study area. 

Purposive or judgemental sampling techniques are most appropriate for this research because the respondents 

should be the civil servants who meet the specified characteristics. A sample size of 150 respondents is randomly 

selected from civil servants who possess the above mentioned qualities. The subjective thermal preferences and 

acceptance of the respondents were obtained using the judgement of likelihood based on these inputs indicated by 

a five-tier lexicon consistent with everyday usage shown below. 

very unlikely unlikely possible likely Very likely 

1 2 3 4 5 

 

3.2 Statistical Analysis of the subjective variables. 

Multiple Regression analysis was adopted for analysis of the variables. This was considered adequate since we are 

interested in establishing the relationship between the output, response or dependent variable (TC which is 

quantitative) and input, independent or explanatory variables (DS, MP and EE which are also quantitative). Linear 

Regression analysis and one-way analysis of variance ANOVA were used to compare means of the dependent and 

independent variables. A software package known as Statistical Package for Social Science (SPSS) was used.  The 

P-value represents the probabilities that the Null hypothesis is true. As stated in the hypothesis, it means that 

Material properties, Design strategies or Energy Efficiency do not significantly influence thermal comfort of office 

workers in Enugu State. P-values were calculated using parametric statistic of Regression Analysis. In this paper, 

P-value less than 5% (P<0.05) is considered to be statistically significant.                        

 

3.3 Results and Discussions.     

3.3.1 Results 

 From table 3.2, the mean scores of EE, MP and DS indicated that DS has the highest mean score of 3.74. This 

signifies that DS has the highest influence on thermal comfort (TC). The frequency tables in figures 3.2, 3.3 and 

3.4 showed that the frequencies for ‘likely’are 36 for EE, 65 for DS and 17 for MP. These were further explained 

by the Bar charts in figures 3.1.1, 3.1.2 and 3.1.3 From figure 3.1.1, the highest frequency for EE is on 

‘possibility’The highest frequency for DS is  on ‘ likely’and the highest frequency for MP is on very ‘ unlikely’.  

Table 3.1 Showing the mean, median and mode of the subjective rating of respondents 

Statistics 

 Energy Efficiency Material Properties Design Strategies Thermal Comfort 

N 
Valid 150 150 150 150 

Missing 0 0 0 0 

Mean 3.56 2.61 3.74 2.6783 

Median 3.00 2.00 4.00 2.5000 

Mode 3 1 4 2.00 

 

Table 3.2 Showing the frequency rating of the influence of Energy efficiency (EE) on thermal comfort. 

Energy Efficiency 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

very unlikely 6 4.0 4.0 4.0 

unlikely 14 9.3 9.3 13.3 

possible 57 38.0 38.0 51.3 

likely 36 24.0 24.0 75.3 

very likely 37 24.7 24.7 100.0 

Total 150 100.0 100.0  
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Table 3.3 Showing the frequency rating of the influence of Design strategies (DS) on thermal comfort 

Design Strategies 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

very unlikely 4 2.7 2.7 2.7 

unlikely 4 2.7 2.7 5.3 

possible 48 32.0 32.0 37.3 

likely 65 43.3 43.3 80.7 

very likely 29 19.3 19.3 100.0 

Total 150 100.0 100.0  

 

Table 3.4 Showing the frequency rating of the influence of Material properties (MP)  on thermal comfort 

Material Properties 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

very unlikely 53 35.3 35.3 35.3 

unlikely 37 24.7 24.7 60.0 

possible 9 6.0 6.0 66.0 

likely 17 11.3 11.3 77.3 

very likely 34 22.7 22.7 100.0 

Total 150 100.0 100.0  

 

Table 3.5 Frequency of the average impacts on thermal comfort (TC). 

Thermal Comfort 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

1.25 3 2.0 2.0 2.0 

1.50 5 3.3 3.3 5.3 

1.75 19 12.7 12.7 18.0 

unlikely 30 20.0 20.0 38.0 

2.25 17 11.3 11.3 49.3 

2.50 12 8.0 8.0 57.3 

2.75 9 6.0 6.0 63.3 

possible 10 6.7 6.7 70.0 

3.25 4 2.7 2.7 72.7 

3.50 13 8.7 8.7 81.3 

3.75 5 3.3 3.3 84.7 

likely 10 6.7 6.7 91.3 

4.25 9 6.0 6.0 97.3 

4.50 1 .7 .7 98.0 

4.75 3 2.0 2.0 100.0 

Total 150 100.0 100.0  
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Figure 3.1.1 Bar chart showing the frequency of EE rating on TC. 

 
 

Figure 3.1.2 Bar chart relating the frequency of DS rating on TC. 

 
 

Figure 3.1.3 Bar chart relating the frequency of MP subjecting scores on TC. 
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Fgure 3.1.4 Bar chart showing the frequency of different ratings of Lexicon of TC           

 
3.3.2 Discussion of Analysis. 

From table 3.6 which is the model fit table, the value R-square is 0.507 and Adjusted R-value is 0.497, which 

means that the independent variables (Design strategies, Material properties and Energy efficiency) account for 

50.7% of variance in the dependent variable (thermal comfort). The ANOVA table shown in table 3.3 clarifies the 

model fit by showing P-value of 0.00 which justifies the explanatory power of the model fit. Table 3.9a indicates 

the P-values of the independent variables  

Table 3.9b shows the P-values of the independent variables and from the same table, the p-values for energy 

efficiency and material properties are 0.685 and 0.034 respectively. These values are greater than 0.05 (P=0.685 

P=0.034; P>0.05) which implies that the risk level of rejecting the null hypothesis is very high and therefore, both 

energy efficiency and material properties do not significantly influence indoor comfort in office buildings. But for 

design strategies, the result shows that the p-value is less than 0.05 (0.00< 0.05). This implies that design strategies 

can significantly influence indoor comfort in office buildings. 

The result on design strategies agrees with what many researchers had earlier reported .from the literature on 

building orientation, building form, fenestration and shading devices. The influence of these components on 

thermal comfort were rated very high (FMPWH, 2016; Appah and Koranteng, 2012; Carmody et al,. 2007; Ai-

Tamimi, et al,.2011; Muktar and Halil-Zafer, 2017). The significant influence of design strategies on indoor 

comfort of office buildings is likely to be as a result of open form of the buildings which might have enabled 

optimum window ratio and natural ventilation. 

The result of the subjective analysis of energy efficiency and material properties on thermal comfort was at 

variance with results of earlier studies. According to some researchers, energy efficiency buildings could 

reasonably improve indoor comfort of occupants (March, 2015; Chwieduk, 2003; Alozie, Eze and Irouke, 2016). 

Also research results had shown that the properties of some building materials influence the rate of heat transmitted 

into the indoor space which ultimately affects human comfort (Mahia, Taufiq, Ismail and Masjuki, 2007). It could 

be that the physical and chemical properties of some building material components may have been modified during 

construction stages and also by interaction with the environment. This could account for insignificant contribution 

of material properties to remarkable improvement of indoor comfort in the office buildings. 

Table; 3.6 Showing both the dependent and independent variables entered.  

Variables Entered/Removeda 

Model Variables Entered Variables Removed Method 

1 
Energy Efficiency, Material 

Properties, Design Strategiesb 
. Enter 

a. Dependent Variable: Thermal Comfort 

b. All requested variables entered. 

Table; 3.7 Showing the model fit 

             Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

 .712a .507 .497 .63523 

a. Predictors: (Constant), Energy Efficiency, Material Properties, Design Strategies 
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Table 3.8 ANOVA  table 

                                                                            ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 60.628 3 20.209 50.083 .000b 

Residual 58.914 146 .404   

Total 119.542 149    

a. Dependent Variable: Thermal Comfort 
 

   b. Predictors: (Constant), Energy Efficiency, Material Properties, Design Strategies 

 

Table 3.9a Showing the P-values of the independent variables. 

Coefficientsa 

Model Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) 1.073 .300  3.575 .000 

Material Properties .127 .059 .127 2.140 .034 

Design Strategies .405 .034 .721 11.988 .000 

Energy Efficiency .020 .050 .025 .407 .685 

a. Dependent Variable: Thermal Comfort 

 

Table 3.9b showing the relationship between Design envelope factors and thermal comfort. 

Variables Unstandardised 

Coefficients 

Standardised 

Coefficients 

T P ᾳ sig Comment 

Constant 1.073  3.575 .000 ˂ 

0.05 

significant 

Material 

Properties 

0.127 0.127 2.140 0.034 >0.05 Not 

significant 

Design 

Strategies 

0.405 0.721 11.988 .000 ˂ 

0.05 

Significant 

Energy 

Efficiency 

0.020 0.025 0.407 0.685 >0.05 Not 

significant 

 

3.4 Conclusion and Recommendations  

The subjective study of the influence of green strategies on indoor comfort of office buildings in Enugu revealed 

that design strategies has great influence on indoor comfort of office workers. The result however indicated that 

the other aspects of green strategies (energy efficiency and properties of material components) do not significantly 

influence comfort of occupants. This do not mean that energy efficiency and material components have no 

influence on thermal comfort but in comparative terms, design strategy has greater influence. Again the disposition 

of the respondents may also contribute to their individual responses that affect the result. 

One of the major highlights of this study is that the key stakeholders in building industry (architects, engineers, 

builders, developers and end-users) should understand the urgent need to adopt green initiatives in the design and 

construction of buildings. Special attention should be paid to orientation, optimum window ratio shading devices 

and compact form articulation, all of which encourage natural ventilation that guarantee comfort at minimum 

energy demand, Main target should always be to utilize the potentials of specific building locations to optimize 

natural means of achieving indoor comfort. These requirements should be enshrined in National Building Code 

for the country. 
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