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_____________________________________________________________________________________________ 

Across the world, buildings are now the subject of research; this situation is not unrelated to the detrimental effects of 

this industry's massive energy use on the climate. In this regard, ensuring building products are energy efficient has 

become standard practice in majority of industrialized countries, while emerging nations are falling behind in pursuit 

of this admirable goal. This investigation was driven by the lack of energy standards, the overall dearth of energy data, 

and the open-ended nature of operational energy end-uses distribution and performance evaluation in Nigeria. Hence, 

this study evaluates operational energy consumption pattern and performance assessment of senate office buildings in 

Federal Universities in North-Central region of Nigeria. Simple energy audit was conducted which covers energy 

consumption and energy management regimen using energy survey form in the absence of monthly energy bills. 

Results revealed that energy supply to these buildings is on average of 37.3% to 63.7% from national grid and 

generators respectively. Energy end-uses consumption pattern showed similar trend to global reports as established 

by earlier studies. The results also established the dominance of cooling loads, accounting for not less than 40% of 

annual energy being in the tropical climate. This is an indication that cooling loads is an avenue where significant 

energy saving can be achieved. EUI of 176.82KWh/m2/yr was derived as performance benchmark. The value is far 

above global best practises, this implies that these buildings were not energy efficient. Thus, it is imperative to ensure 

regular energy audit as none of the building has been audited before and ensure that significant buildings are sub-

metered particularly senate office buildings for effective monitoring while general refurbishment towards efficient use 

of energy should be encouraged. 

Keywords: Energy audit, Energy benchmarks, Energy consumption, Energy end-uses, Energy Use Index, Senate 

buildings 
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INTRODUCTION 

One of the main issues facing the twenty-first century is 

environmental sustainability, which calls for worldwide 

cooperation to address (Bazazzadeh et al., 2018; 

Bazazzadeh et al., 2020). This threat has been linked to 

the world's population growth and the rapidly rising 

energy demand required to maintain comfortable living 

conditions (Rai, 2004; Coglianese, 2022). The majority 

of the energy used by buildings and the activities that go 

along with them comes from fossil fuels with 

greenhouse gases (GHG) as major by-products 

associated with global warming (ECN, 2015; 

Bazazzadeh et al., 2020) and cumulatively the dreaded 

case of climate change (Kasozi & Tutesigensi, 2007; 

Perez-Lombard et al., 2008). In this regard, increasing 

building energy efficiency has been demonstrated to be 

essential to mitigating the effects of climate change 

through energy performance monitoring, which also has 

a built-in economic benefit (IEA, 2021; IEA, 2022). 

Energy performance evaluation exposes poor 

performing buildings when their performance index is 

compared to existing benchmarks. Also, a pointer to 

areas where efficiency strategies could be applied for 

better performance.   

It was discovered that the building industry used, on 

average, between 30% and 45% of the world's energy 

supply, with the operating phase accounting for the 

majority of consumption (Asimakopoulus et al., 2012; 

UNDP, 2010). In the meantime, it has been determined 

that the building type that uses the most energy during 

operation stage is non-domestic structures, especially 

office buildings. Office buildings are becoming a 

primary focus for energy reduction globally as a result 

of this accomplishment (Sadrzadehrafiei et al., 2012; 

DEEC, 2013; Chung & Rhee, 2014). Universities, on the 

other hand, are expected to report their energy use and 

ensure efficiency as key cooperative responsibilities 

after the European Commission Joint Research Centre 

(ECJRC, 2012) classified them as high energy 

consuming organizations with at least 30% dedicated to 

office spaces (Sapri & Muhammad, 2010). In a similar 

vein, Adekunle et al. (2008) emphasized the necessity 

of monitoring and regulating energy use in Nigerian 

institutions due to the restricted supply in order to fulfill 

the goals of community development, teaching, and 

research. United Kingdom (UK) had developed a 

method for evaluating energy performance of tertiary 

institution buildings which involved segregation of 

various buildings into space types (BRECSU, 1997). 
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The shortcoming of the methodology is that assessment 

is based on the performance of group of buildings; 

individual building is not given attention to. Most 

developed countries set energy benchmarks for different 

building categories in a timely manner in response to the 

construction sector's energy reduction, but most 

developing countries, including Nigeria, are falling 

short of this admirable goal (Janda, 2009; Iwaro & 

Mwasha, 2010).  

However, because of the bulk-metering approach used, 

it is uncertain how much energy is utilized by each 

building in Nigerian universities. It is a well-known fact 

that there are generally insufficient building energy 

statistics in Nigeria as a result of insufficient empirical 

research on building energy use, particularly in 

universities. There are no local energy benchmarks and 

no effort has been made to determine the true energy 

end-use distribution for different building categories 

(Imaah, 2004; Fadamiro & Ogunsemi, 2004). After 

identifying these issues, the study examined the 

operational energy performance of Federal University 

senate buildings, which serve as the major 

administrative offices, in the hot and humid climate of 

North-Central Nigeria. Senate buildings are 

conventional office structures that are comparable in 

both design, construction and operations to any other 

public office buildings. 

 

LITERATURE REVIEW  

Global energy sources revealed that fossil fuel that has 

harmful greenhouse gasses has major by-product had 

been reported to account for largest supply of 79% of 

world energy while the renewable energy (clean energy) 

is just about 18% and 3% from Nuclear power source 

(Kumar et al, 2010). Globally, buildings and its related 

activities has been estimated to be consuming above 

40% of overall energy supply (Madlener & Sunak, 

2011). This is not unconnected to the fact that energy is 

an indispensable variable and a major determinant factor 

of socio-economic and quality of life globally 

(ASHRAE, 1990; Kousksou et al., 2014). This scenario 

is expected to continue with the dynamics of energy 

demand particularly countries with emerging economies 

in Africa, South America, South-east Asia and Middle 

East (IEA, 2014).  

United Nations on Environmental Programme (UNEP, 

2007) reported that built environment with other 

supporting activities accounted for about 40-45% of 

total energy demand in European countries. In United 

States of America and United Kingdom buildings 

consume approximately not less than 40% of total 

energy supply and accountable for nearly 40% of 

greenhouse gas emissions (Springer Science and 

Business Media, 2017). Equally, in China and India, 

energy consumption estimation values stood at 

minimum of 25%. In Nigeria, building sector was 

reported to have accounted for consuming about 40% of 

electricity supply from the national grid (Akinbami, 

2010). Epileptic nature and the gross inadequacy of 

power supply is augmented by back-up generators 

(Adenikinju, 2005) This situation is responsible for why 

electricity supply to office buildings in Nigeria through 

back-up power is about 75% of the time energy is 

required (Batagarawa et al., 2011). 

Mambo and Mustapha (2016) revealed that the average 

Nigerian building's energy use is not fixed. In order to 

comprehend the state and energy performance of a few 

office buildings in Abuja, Nigeria, Mua'zu (2012) 

looked at the operational energy consumption of those 

buildings. The resulting performance ranged from 13 

KWh/m2/yr to 134 KWh/m2/yr while the common 

suppressed energy supply was blamed for this outcome. 

Additionally, Batagarawa (2013) looked into the 

possibility of using phase change material (PCM) on the 

building envelope in order to reduce energy use. The 

end-use distribution for lighting, equipment, and cooling 

was estimated to be 12%, 48%, and 40%, respectively. 

Mua'zu (2015) derived typical performance baseline for 

22 Abuja office buildings. The results of EUI varied 

from 90 KWh/m2/yr to 134 KWh/m2/yr, with 59%, 43%, 

15%, and 4% values for cooling, equipment, lighting, 

and services, respectively. Similarly, Salihu et al. (2016) 

investigated the energy supply, demand, and 

consumption in Kaduna city's office buildings. 

According to the study, 51%, 35%, and 14% of the 

energy consumed was accounted for by equipment, 

lighting, and cooling loads. It was clear that none of 

these studies took place in a university environment.  

The few studies had attempted to examine energy 

consumption in universities. Adekunle et.al. (2008) 

examined electricity consumption and demand in 

University of Lagos, Nigeria. The study revealed that 

space cooling and lighting are the major end-uses which 

accounted for 33% and 7% respectively. Also, Adebisi 

et al. (2019) x-rayed energy performance of selected 

administrative buildings in tertiary education. The study 

derived performance benchmark at 181.34KWh/m2/a 

while the end-uses distribution for VAC, Lighting, 

Equipment and building services consumed 45.6%, 

9.6%, 44.4% and 0.003% respectively. Other notable 

studies that had explored energy consumption of 

individual buildings in tertiary institutions included 

Colin and Christopher (2013) investigated the effect of 

users on the energy demand of five academic buildings 

at the University of Sheffield, UK. In the same vein, 

Mehreen and Sandhya (2014) looked at the energy 

consumption and occupancy of a multi-purpose 

academic building of Heriot-Watt (HW) University, 

Edinburgh, Scotland to understand the relationship 

between electrical energy and users’ activities.  
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RESEARCH METHODOLOGY 

Universities in Nigeria use bulk-metering systems for 

their building facilities; as a result, there is no 

information available on the energy use of specific 

buildings particularly senate office buildings. This 

scenario guided the exploratory approach used in this 

study, while case studies were selected via purposive 

sampling. This method allows for the examination of a 

phenomenon in its natural setting because it has been 

used previously for similar studies conducted worldwide 

(Francis, 2001; Ogbonna, 2008; Batagarawa, 2013, 

Adebisi et al., 2022). The buildings investigated were 

the main administrative office buildings (senate 

buildings) of five (5) universities in North-Central 

Nigeria as illustrated in Plate 1 with acronyms CSB 1 to 

CBS 5. 

 

 
Plate 1: Pictorial view of the buildings (Author, 2023) 

 

The fieldwork exercise involved conducting simple 

walk-through energy audit using building energy survey 

form as a guide to collect energy consumption related 

data while information related to energy management 

regimen was collected using structured questionnaires 

self-administered to the facilities managers of the 

institutions studied. Performance assessment was 

evaluated using the most widely used energy 

performance index known as Energy Use Index (EUI). 

The results were presented using descriptive statistics.  

EUI ensures unbiased and accurate comparison of 

buildings of different sizes and was estimated by this 

mathematical expression:  

 
The Annual energy consumption estimation was carried 

out using mathematical model adopted from studies of 

similar characteristics (Batagarawa, 2013; Rosenberg, 

2014; Adebisi, et al., 2019). This is so because time and 

finances for on-site equipment measurements is beyond 

the scope of this study.  The detail of the mathematical 

model is express as follows: 

Qa = energy rating x quantity x duration of use (hours) 

……...equation (1) 

Where Qa is the quantity of energy consumed by 

appliance; obtained from 

manufacturers/label/maintenance manual.  

QA = Qa1 + Qa2+ Qa3 + Qan……. equation (2) 

Where QA = total energy consumed by appliance 

Qa1, Qa2…... Qan = different appliances. The same 

equation (2) is applied for Ventilation (QV), air 

conditioning (QC) and lighting (QL). Hence,  

QV = Qv1 + Qv2 + Qv3 +… Qvn……..equation (3)  

QC = Qc1 + Qc2+ Qc2 + Qcn ………...equation (4)  

QL = Ql1 + Ql2+ Ql3 + Qln............…...equation (5)  

So total energy consumption (QT),  

QT=QA+QV+QC+QL…………. equation (6) 

Also, total energy supply (QS),  

QS = QP + QG…………equation (7) 

Where QP, energy from primary source, and QG energy 

from generator. 

 

The annual energy consumption was further 

disaggregated into end-uses; Ventilation and Air-

conditioning (VAC), lighting, equipment and building 

services in the absence of no heating load. The data was 

analysed using descriptive statistics that included tables 

and percentages. Consequently, a performance baseline 

was derived in terms of EUI. Meanwhile, in the absence 

of local benchmark in Nigeria, the result was compared 

with international benchmarks of Chartered Institute of 

CSB 1 CSB 2

CSB 3 CSB 4
CSB 5
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Building Service Engineers (CIBSE) in UK and South 

African Building Regulation SANS 10400-XA 

benchmarks for office buildings where climate sub-

tropical is similar to Nigeria according to Köppen-

Geiger global climate classification. 

 

RESULTS AND DISCUSSION 

All buildings got their primary energy source from the 

national grid while the daily shortage was augmented 

via alternative means. Co-incidentally, all the buildings 

had 500KVA stand-by diesel generators each to take 

care of the epileptic nature of power supply in the 

country.  The supply of electricity to these buildings 

varied on a daily basis but averagely the daily supply of 

energy from the primary source ranging between 

minimum of four (4) hours and maximum of eight (8) 

hours of the daily working hours. Based on this premise, 

Figure 1 represented the average percentage ratio of 

primary to alternative energy supply on annual basis. 

Electricity from primary source was estimated and 

found to be averagely accounted for about 62.7% while 

back-up generator was responsible 37.3% of annual 

energy supply. This result was in contrary to outcome of 

energy use in similar office buildings outside academic 

environment where back-up consumption was reported 

to be up to 75% in Nigeria (Batagarawa, 2013). 

Consequently, location of buildings seems to be a 

significant factor on primary energy supply in Nigeria, 

this may account for lower back-up consumption. The 

implication of this is that tertiary institutions were 

seemed to be given preferential treatment in terms of 

energy supply from the national grid in order to meet the 

primary goal of teaching and learning.  

 

 
Figure 1: Cumulative annual percentage ratio of energy supply to the buildings 

 

The annual energy consumption was disaggregated into 

end-uses. The values obtained affords the opportunity of 

determining the sources of considerable energy demand 

where savings can be significant. Therefore, the results 

of disaggregation into various end-uses for all the five 

buildings audited as presented in Table 1. The outcomes 

revealed that aggregately VAC, Lighting, equipment 

and building services consumed 42.1%, 10.54%, 

44.03% and 0.003% of the annual energy consumption 

respectively. 

 

Table 1: Disaggregation of annual energy into end-uses 

 

Case study 

building 

VAC (KWh) Lighting (KWh) Equipment 

(KWh) 

Building 

services 

(KWh) 

CSB 1 358,189.37 79,294.20 330,358.42 20.35 

CBS 2 913,264.67 194,324.03 835,593.33 58.29 

CSB 3 411,078.05 84,949.62 447,475.46 39.06 

CSB 4 185,870.13 60,407.79 217,932.73 46.99 

CSB 5 201,928.85 86,005.79 217,621.49 15.19 

Cumulative % 

average 

42.17% 10.54% 44.03% 0.003% 

 

The results implied that VAC (cooling load) as a 

weather induced load contributed to more than 40% of 

energy use in this category of office buildings. These 

outcomes had validated and re-affirmed the dominance 

of cooling loads as equally submitted by global reports 

on similar office building and earlier studies on office 

buildings in Nigeria (Batagarawa, 2013; Mua’zu, 2015; 

Salihu et al., 2016; Adebisi et al., 2019). This is an 

PRIMARY 

SOURCE 

(NATIONAL 

GRID), 62.70%

ALTERNATIVE 

SOURCE 

(GENERATOR), 

37.30%
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indication that cooling loads is an avenue where 

significant energy saving can be achieved. The annual 

energy consumption, the energy use index as well as the 

derived cumulative baseline performance is presented in 

Table 2. 

 

Table 2: Annual Energy Consumption and Energy Use Index 

Case study building Annual energy consumption 

(KWh) 

EUI (KWh/m2/a) 

CSB 1 767,862.34 164.74 

CBS 2  1,943,240.32 306.53 

CSB 3 976,432.44 155.18 

CSB 4 464,675.33 117.87 

CSB 5 506,214.22 139.78 

Derived Cumulative 

Performance baseline 

                             176.82 

KWh/m2/a                          

 

 

The EUI obtained from this study is far above good and 

typical best practice benchmarks of 128KWh//m2/yr 

when compared to CIBSE (UK) benchmark (CIBSE, 

2016). This may be owing to the difference in climatic 

conditions under which the CIBSE benchmarks was 

based unlike warm climate experienced in tropical zone 

like Nigeria as well as gap in technological 

advancements between the countries. Therefore, CIBSE 

benchmarks may not be adoptable for office buildings in 

Nigeria. Notwithstanding, comparing the result with 

South African Building Regulation SANS 10400-XA 

benchmarks established in 2011 where the weather is 

similar to Nigeria, but technology is a bit more advanced 

compared to Nigeria. The benchmarks stated that EUI 

under 130KWh/m2 /yr, between 130-210KWh//m2 /yr, 

210-320KWh//m2 /a were established for best, good and 

typical practices respectively while any case of EUI 

more than 320KWh//m2/yr was categorised as poor 

performing office building. The derived performance 

value fell within good practice when compare with 

South Africa benchmarks. Nevertheless, The EUI fell 

within the same range when compared to earlier studies 

on office buildings conducted in Nigeria (Batagarawa, 

2013; Mua’zu, 2015). The implication of this result is 

that there is need for building owners and managers to 

ensure proper monitoring of energy use embrace 

building refurbishment towards improving efficient use 

of energy. 

 

CONCLUSION 

In Nigeria, general paucity of energy data and 

unavailability of energy benchmarks for any building 

category has shown an unresponsive attitude to building 

energy monitoring. This is also evident has none of the 

buildings has been audited before despite been in 

existence for many years. The peculiar nature of bulk-

metering system in universities has make estimation of 

individual building energy demand unknown. Although, 

these buildings enjoy more energy supply from the 

national grid in comparison to similar office building 

outside university environment owing to the peculiarity 

of the organisation where constant energy is needed for 

effective teaching and learning. Furthermore, 

disaggregation of energy into end-uses was found to be 

in line with what is obtainable in tropical climate 

globally, where cooling load dominates and a potential 

avenue where tangible saving could be achieved. 

Meanwhile, performance evaluation shown that these 

buildings are energy inefficient. Therefore, it is 

recommended that building facilities managers of these 

universities should embrace regular energy audit and 

ensure that significant buildings are sub-metered for 

effective monitoring while general refurbishment 

towards efficient use of energy should be encouraged. 
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