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Abstract  

Indoor Air Quality 

(IAQ) systems provide 

a feasible way to 

maintain a healthy 

environment. the 

purpose of this study is 

evaluation of indoor 

air quality as relating 

to ventilation rate and 

its effect on energy 

consumption in 

Kogi state, a case of 

Lokoja  
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Introduction  
The issues of energy 

demand and air quality 

go hand in hand in city 

environments. A major 

proportion (up to 40%) 

of the total global energy 

demand is consumed by 

urban buildings (Perez-

Lombard, Ortiz, & Pout, 

2008); of which,  up to 

40% is consumed by 

commercial buildings 

(Department of Energy, 

2009).  Space 

conditioning contributes 

a major portion of the 

energy bill paid by office 

buildings. In 2004, 

approximately 60% of 

the total energy 

consumed by Canadian 

commercial/institutional 

buildings was used for 

space air conditioning. 

To reduce such a large 

energy cost, office 

building constructions 

have shifted towards 

high level of insulation 

and air tightness, and 

minimal ventilation rate  

Keywords:    

Energy 

Consumption, 

Indoor Air Quality 
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metropolis residential 

buildings. With a view 

to ascertain the 

present states of the 

indoor air quality as it 

relates to ventilation 

rate of residential 

buildings in Lokoja and 

compare with 

standard with respect 

to energy efficiency. 

This was achieved 

through random 

sampling of the Lokoja 

housing estate, where 

out of 83 buildings 51 

were conducted via the 

measurement of the 

carbon dioxide, 

temperature, relative 

humidity, carbon 

monoxide, particulate 

matter and the energy 

consumption of 

selected buildings via 

the use of Indoor Air 

Quality Visual Monitor 

and Watts Clever 

Wireless Energy 

Monitor. Direct-

reading instruments 

employed during the 

study showed CO2 

levels in measured 

areas of the facility to 

be generally between 

420 and 700 ppm. The 

average temperature 

inside the building was 

in the low to mid-22’s 

and the indoor relative 

humidity ranged from 

the low to high 51’s. 

18,482 kWh was the 

total energy 

consumption for the 

total hours for the 

experiment which was 

16 hours for one 

month and the cost of 

the energy 

consumption for the 

month/16 hours was 

N6,299 as shown 

above. This indicated 

that the rate of energy 

consumption is on the 

high-side.

 

s well. Given that many nations are actively pursuing carbon 

reduction plans, and thus energy efficiency, improved energy 

management is a key priority.   

Clearly, the commercial built environment is a major consume of energy, 

but this also offers an opportunity to save energy through advanced 

management (Kumar & Morawska, 2013).  Yet, saving energy by, for 

example, reducing power assisted ventilation results in build–up of 

pollutants generated indoors by internal sources, including its occupants. 

However, replacing indoor with outdoor air in fact can create a problem for 

indoor air quality (IAQ) if the air outdoors is polluted, which is often the 

case in many urban environments (Kumar & Morawska, 2013).  This is 

because vehicular emissions pollute outdoor air and its infiltration leads to 

deterioration of IAQ (Balakrishnan, Ramaswamy, & Sambandam, 2011; 

Goyal & Kumar, 2013). 

a 
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The European EN standard 13779: 2007 defines good indoor air quality as 

follows: indoor air quality can be categorized by COc concentration. This 

notion sets the foundations to operate DCV by measuring CO2 and 

controlling ventilation accordingly. The standard also sets the normal 

expectation for indoor CO2 level at 420 and 700 ppm, which is slightly 

above the normal levels in outdoor air (400ppm). The modern ventilation 

systems are built around this supposition to ensure good enough indoor 

air quality which remaining energy efficient. 

Further complexity is added by the changing climatic conditions and the 

human expectations of comfortable indoor environments; both of which 

increase building energy requirements for heating, cooling, lighting, and 

the use of other electrical equipment (Kumar & Morawska, 2013). Taken 

together, all these aspects elicit a need to understand the patterns of 

energy consumption, both spatially and temporally, in the urban built 

environments, and optimise in a manner which would not compromise 

IAQ. 

Optimal energy use is the key for sustainable building operation and hence 

there is a need for the correct combination of energy–efficient building 

designs, energy saving technologies, informed behavioural choices, and 

optimisation based on local climatic conditions that can lead to substantial 

reductions in energy consumption (Kumar & Morawska, 2013).  Whilst 

newly constructed commercial buildings can offer considerable energy 

efficiency improvements, about 60% of the buildings that will be standing 

in 2050 have already been built. Previous research has attempted to 

address the issues of energy management, but adequate answers to many 

of the relevant questions are still unavailable. 

 

Review of Related Literature 

According to the United States Environmental Protection Agency (USEPA, 

2016), “Indoor Air Quality (IAQ) refers to the air quality within and around 

buildings and structures, especially as it relates to the health and comfort 

of building occupants.” Contrary to popular belief, indoor air can be even 

more polluted than outdoor air. Most people think of air pollution as 

something outside smog, ozone, haze hanging in the air, or some smell from 

a chemical factory nearby. But the truth is, the air inside homes, offices, and 
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other buildings can be more polluted than the air outside (Bluyssen & De 

Richemont, 2010). Common pollutants found in the air inside homes are: 

lead (in house dust), formaldehyde, fire-retardants, radon, microscopic 

dust mites from moulds, even volatile chemicals from fragrances used in 

conventional cleaners. According to Bluyssen and De Richemont, (2010), 

some pollutants are tracked into the home via a new mattress or furniture, 

carpet cleaners, or a coat of paint on the walls.  

Poor Indoor Air Quality (IAQ) is among the top five environmental risks 

(USEPA, 2016). Improving IAQ in buildings can greatly improve the 

wellbeing of occupants. Pollutants in a building’s air can cause dizziness 

and headaches as well as aggravate allergies and asthma. While cleaning 

and vacuuming can improve indoor air, cleaning alone will not solve IAQ 

problems. Good IAQ carries numerous, valuable benefits. It helps improve 

the health, productivity of employees and happiness of occupants, 

decreases absenteeism, increases learning and student performance levels 

and creates a more positive customer experience (Lavin & Higgins, 2006). 

Benefits of good IAQ has also been tied to greater return on investment 

(ROI) and bottom-line economics (ASHRAE, 2009).  

Problems related to poor IAQ have been greatly documented and available 

for consumption yet many building design and construction decisions are 

made without taking into consideration the potentially serious 

consequences of poor IAQ. For as long as man started to systematically 

building his home, ventilation has been a major design factor. In the last 12 

centuries, the awareness and concerns about IAQ issues has steadily come 

into the lime light and is a strong factor when designing and constructing 

any habitable structure. However, according to ASHRAE (2009), “in most 

cases IAQ is still not a high-priority design or building management 

concern compared to function, cost, space, aesthetics, and other attributes 

such as location and parking.” 

 

Energy Efficiency and Sustainability  

In developed countries, energy consumption in both residential and 

commercial buildings is dominated by space heating, cooling, air 

conditioning and lighting, as shown in Figure 1 (2010 Residential Energy 

End-Use Split & 2010 Commercial Energy End-Use Splits). 
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Figure 1: (a). Residential buildings total energy end use (2010). (b). 

Commercial sector building energy end use (2010). 

 

The energy consumption in commercial and domestic buildings in EU was 

more than 435 Mtoe (40.3%), because of the use of air conditioning 

systems in buildings for occupant comfort. The energy consumption on 

lighting also increases, and it becomes a significant part of total energy 

consumption in buildings (European commission, 2003). To improve the 

energy efficiency of air conditioning systems, various studies on air 

conditioning systems using solar energy to drive desiccant and 

adsorption/absorption have been carried out analytically and 

experimentally (Choudhury, Chatterjee, & Sarkar, 2010). Though these 

systems have a strong potential for energy saving since they may replace 

high electrical energy and thereby fossil fuel consuming, the performance 

on cost effective may further improved while combined with proper 

control strategies. 

 

Required Minimal and Maximal Ventilation Rates of Residential Buildings 

Energy losses by uncontrolled infiltration may also be reduced by 

tightening the building envelope. However, adequate ventilation to satisfy 

occupants requirements for health and comfort must be provided in a 

controlled manner. No commonly agreed values exist yet for this minimum 

adequate ventilation. As an example, the level of the ventilation 

requirements in the ASHRAE 62 standard has tripled between 1981 and 

1989 (from 2.5 to 7.5 liters per second and person), partly because 

moderate smoking was allowed in the 1989 standard but not in the 1981 
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standard. The energy used to heat and cool buildings and provide other 

building services such as lighting is a significant proportion of national 

economies and the world's energy balance. The percentage used for 

heating and cooling in European countries ranges from 20 - PO% of the 

total energy consumption depending on the climate, the socio-economic 

situation and the structure of the energy use in a country.  

 

Materials and Methods 

Area of study 

The study area, Lokoja lies between latitudes 7º45’N and longitude 6º45’E. 

Lokoja is the administrative headquarters of Kogi State Nigeria. It is well 

connected and accessible through state and federal highways. It is also 

located close to confluence of the River Niger and Benue; the area is 

sandwiched between a water body and hill i.e. River Niger and Mount Patti 

respectively which had streamlines the settlement to a linear one and has 

a modifying effect on the climate. The climate is characterized by wet and 

dry season. AW type climate as classified by Koppen’s and situated in 

Guinea Savannah Region. The annual rainfall is between 1016mm and 

1524mm with the mean annual temperature of 27º7’C (NPC, 2006).  

i. Indoor Air Quality Visual Monitor  

The Indoor Air Quality Monitor Measures Particulate matter in the range 

0.3 - 2.5µm, Carbon dioxide (CO2) in the range 400 – 10,000 ppm, 

Temperature in the range 10 - 40ºC and Relative Humidity 0 – 95%.  

 
Plate 1: Indoor Air Quality Visual Monitor  
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ii. Watts Clever Wireless Energy monitor 

The second instrument used in the study is Watts Clever Wireless Energy 

monitor (EW4500) (Plate 3.2). This meter is portable and equipped with 

Triple display showing; Your current electricity usage, Your accumulated 

electricity usage over any period of time and Your per hour usage. The 

Watts Clever Wireless Energy monitor displays the hour/minutes, 

Day/Month and Year. 

 

 
Plate 2: Watts Clever Wireless Energy monitor 

 

Data Collection Procedure 

The following are the procedures carried out in other to archive the 

objectives of the study. Data was collected by adhering to the experimental 

procedure described below.  

Steps: The following are the six steps that was followed to carry out the 

experiment in the selected houses: 

i. Sampling Locations: this include the selected houses to be sampled. 

ii. Sampling Session: Sampling times was selected in an attempt to 

collect data during potential high activity. The two (2) time windows 

(Sampling Sessions) include: 

a. Morning time (Session 1): approximately 8:00-10:00 a.m.  

b. Evening time (Session 2): approximately 4:00-6:00 p.m.  
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iii. Calibration of the Equipment: The Indoor Air Quality Visual Monitor 

and Watts Clever Wireless Energy monitor was calibrated according 

to the manufacturer’s instructions. 

iv. Positioning of the Equipment: The Indoor Air Quality Visual Monitor 

was placed away from all walls, openings and corners. The 

equipment was placed at different sampling points within each 

space in the various selected houses. Watts Clever Wireless Energy 

monitor was connected to the selected house meter. 

v. Documentation of Results: The resulting values was documented on 

a sampling form.  

vi. The Precision Requirements: The Indoor Air Quality Visual Monitor 

calibrate in 200 seconds for start-up of the analyser and 60 seconds 

recalibration for new measurement. Watts Clever Wireless Energy 

monitor calibrate automatically before the start of new 

measurement. These were done to ensure accuracy of results.  

 

Results and Discussion 

During the field reconnaissance activities on the weekends of June and July, 

2020, operations within the Lokoja housing estate appeared to be 

representative of those of a typical weekday. The weather was clear and 

sunny with a temperature of approximately 31oC (87oF). Out of 83 estate 

houses randomly selected 51 houses were conducted. The followings 

parameters were measured such as the Particulate matter, Carbon dioxide 

(CO2), Temperature and Relative Humidity. 

 

Table 1: Measurement collected on June, 2020. 
Week
end 

Session CO2 

(ppm) 
Temperatu
re (oC) 

Relative 
Humidity (%) 

CO 
(ppm) 

UFP 
(p/cc) 

1 Morning 8:00 - 
10:00 am 

390 21.8 51.6 1 4.7 

 Evening 4:00 - 
6:00 pm 

460 31.2 52.6 1 4.6 

2 Morning 8:00 - 
10:00 am 

523 30.4 55 1 4.8 

 Evening 4:00 - 
6:00 pm 

490 23.6 52.9 1 3.2 

3 Morning 8:00 - 
10:00 am 

492 24.8 53.6 1 4.1 
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 Evening  4:00 - 
6:00 pm 

512 32.7 53.6 1 3.1 

4 Morning 8:00 - 
10:00 am 

548 33.9 54.4 1 2.1 

 Evening 4:00 - 
6:00 pm 

480 25.2 53.8 1 3.6 

 Mean 486.87
5 

27.953 53.4375 1 3.8 

 Standard 
Deviation 

47.603
83 

4.609 1.063602 0 0.96 

Note: ppm = part per million, CO2 carbon dioxide, CO carbon monoxide, 

UFP = Ultra-Fine particles,  

 

Table 1, depicts the month of June, indoor air quality measurement within 

the buildings parameter. an assessment of major air handling systems was 

conducted using a calibrated Indoor Air Quality Visual Monitor produced 

by Richard Barrow in Thailand. Measurements of temperature (Temp), 

relative humidity (rH), Particulate matter, carbon dioxide (CO2) were 

collected throughout the housing estate. The temperature within the 

buildings at the housing estate ranged from approximately 21.8 to 33.9oC, 

the relative humidity was approximately 51.6 to 55 percent, the carbon 

monoxide readings within the buildings of the housing estate were 

generally less than 1 part per million (ppm) and the carbon dioxide 

readings ranged from 390 to 548 ppm inside the buildings.  

 

Table 2: Measurement collected on July, 2020. 
Week

end 

Session CO2 

(ppm) 

Temperatu

re (oC) 

Relative 

Humidity (%) 

CO 

(ppm) 

UFP 

(p/cc) 

1 Morning 8:00 - 

10:00 am 

650 26.4 57.1 0 3.1 

Evening 4:00 - 

6:00 pm 

670 34.3 59 1 1.9 

2 Morning 8:00 - 

10:00 am 

450 22.1 58.2 1 1.5 

Evening 4:00 - 

6:00 pm 

502 32.5 59.1 1 1.4 

3 Morning 8:00 - 

10:00 am 

490 23.4 58.6 1 1.6 
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Evening 4:00 - 

6:00 pm 

618 33.2 58.5 1 4.4 

4 Morning 8:00 - 

10:00 am 

630 32.8 59.1 1 2.7 

Evening 4:00 - 

6:00 pm 

540 28.7 60.4 1 1.8 

 Mean 568.75 29.175 58.75 0.875 2.246 

Standard 

Deviation 

83.337

1 

4.750865 0.936559 0.353

553 

0.9274

53 

Note: ppm = part per million, CO2 carbon dioxide, CO carbon monoxide, 

UFP = Ultra-Fine particles,  

 

Table 2 shows the indoor air quality parameter collected in the month of 

July 2020. The carbon dioxide readings ranged from   490 to 670 (ppm), 

the temperature within the buildings of the housing estate ranged from 

approximately 22.1 to 34.3 9oC, the relative humidity was approximately 

57.1 to 60.4 percent while the carbon monoxide readings within the 

buildings of the housing estate were generally less than 1 part per million 

(ppm). 

CO2 is a good indicator of proper ventilation within a building environment 

and the ASHRAE’s Standard 62 recommends an indoor level not to exceed 

650 ppm above outdoor ambient air. Carbon dioxide concentrations above 

1,000 ppm can cause occupants to feel sluggish and may be indicative of 

low ventilation rates. Direct-reading instruments employed during the 

study showed CO2 levels in measured areas of the facility to be generally 

between 420 and 700 ppm. The average temperature inside the building 

was in the low to mid-22’s and the indoor relative humidity ranged from 

the low to high 51’s. These conditions were found to be within the 

American Society of Heating, Refrigerating and Air Conditioning Engineers 

(ASHRAE) Standard 55 comfort parameters of 68 to 74.5 degrees 

Fahrenheit (wintertime) and 30 percent to 65 percent relative humidity. 

However, Particulate matter for both months; a condensation particle 

counter was used to assess any unusual condition associated with the 

presence of ultra-fine particles (UFPs) that were present, resulting from 

sources of combustion or chemical reaction, not previously detected. 

Respiration of UFPs challenges the body’s natural defense mechanisms and 
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overexposure may strain these mechanisms, causing an adverse reaction. 

Measurements of UFPs within the buildings during this assessment were 

generally well within acceptable parameters for indoor air. 

 

Table 3: Power Demand and Energy Consumption of Domestic Appliances 

(June and July) 
Applianc

es 

Types Wa

tts 

Amp

eres 

Hours/

month 

With R2SP(Single Phase 

Residential) Tariff of 

N21.30/kWh 

Pressing 

Iron 

Dry iron 12

00 

5.22 16 408.96 

Toaster Large 14

00 

6.09 16 477.12 

Kettle Medium 22

00 

9.57 16 749.76 

Blender Medium 45

0 

1.96 16 153.36 

Microwa

ve 

Medium 90

0 

3.91 16 306.72 

Water 

Dispense

r 

Normal 70

0 

3.04 16 238.56 

Cooker 4 Plate 45

00 

19.5

7 

16 1533.6 

Refrigera

tor 

Large 14

0 

0.43 16 47.712 

Water 

Heater 

100 Litre 30

00 

13.0

4 

16 1022.4 

Air-

conditio

ner 

Medium (2HP) 14

92 

6.49 16 508.474 

Televisio

n 

 30

0 

1.3 16 102.24 

Washing 

Machine 

With spinning, 

dryer and others 

21

00 

9.13 16 715.68 

Lighting 

Bulb 

-energy 

saving 

 15 0.07 16 5.112 

 
    

Fan Ceiling 85 0.37 16 28.968 
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 Total 

Energy 

 
18,

48

2 

80 16 6,299 

 

Table 3 depicts the major appliances found in households of the estate and 

upon which the experiment was conducted using the Watts Clever Wireless 

Energy monitor which displayed the Watts, Ampere while the specific time 

duration for the experiment was 2 hours for morning and 2 hour for 

evening session respectively which is cumulatively into 16 hours for a 

month and also the cost of energy consumption. 18,482 kWh was the total 

energy consumption for the total hours for the experiment which was 16 

hours for one month and the cost of the energy consumption for the 

month/16 hours was N6,299 as shown above. This indicated that rate of 

energy consumption is on the high-side.  The basic unit of electricity is the 

kiloWatthour (kWh). In simple terms, 1 kWh (=1000Wh) is the amount of 

energy used by an electrical appliance rated 1kw (=1000 watt, e.g. a 

1000watt electric heater) used for 1 hour. Another example is ten 100-watt 

light bulbs used for 1 hour. This means that such electrical appliance/s 

used for 30 minutes will consume half unit because 1hour consumption 

gives 1000Wh (=1kWh). Therefore If used for 2 hours, same appliance will 

consume double unit. 

 

Estimated monthly and lifetime savings achieved 

The following calculations are for the In Home Displays (IHD) of the 

households conducted; 9% for the energy saving was achieved for using 

IHD. 

Monthly household Electricity Consumption (KWh/month)       = 18,482   

Percentage Reduction in Consumption due to IHD (%)              = 9.0%  

Average Lifetime of IHD (5/12)                                                   = 5/12 =0.417 

Discount Factor (% of benefit attributable to VEET)                  = 100%  

 

Calculation   

Estimated electricity saving per month (kWh /month) for installing an 

IHD;  

= 18,482   x 9.0% = 16,633.8 kWh /month 
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 Estimated lifetime electricity savings (kWh); 

= 16,633.8  x 0.417 =  6,936.295 

Estimated lifetime electricity saving (kWh) taking into account the 

discount factor  

= 6,936.295 x 100% = 6,936.295 

 

Conclusion and recommendations 

Air quality measurements were performed throughout the interior of the 

building and air samples were collected in the specific rooms, at the 

direction of the housing estate buildings. In each case, direct 

measurements and results of collected samples indicated conditions 

consistent with a building that has an efficient and balanced ventilation 

system that is properly removing indoor air and properly mixing fresh, 

outdoor air. In addition, there were no conditions noted that would 

indicate a chemical exposure nor any evidence of past moisture-related 

issues that might cause an adverse condition. 

Due to the lack of evidence of potential contaminants capable of causing 

chronic health problems, sensitization or discomfort within samples 

collected and analyzed, no further action is recommended concerning 

pursuing future investigations to the indoor air quality of the housing 

estate. 

18,482 kWh was the total energy consumption for the total hours for the 

experiment which was 16 hours for one month and the cost of the energy 

consumption for the month/16 hours was N6,299 as shown above which 

is relatively on the high-side. The researcher recommended that Watts 

Clever Wireless Energy (In Home Display) should be installed in home so 

as to help the residents reduced the rate of energy consumption. 
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