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ABSTRACT 
The generators, both diesel and gasoline types are designed to produce harmful exhaust emissions such as; 

carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), particulate matter and sulfur dioxide (SOx). 

These harmful exhaust emissions spread in buildings were generators are used due to human errors and 

atmospheric conditions. The health hazards associated with high concentration or even lower levels of some of 

these emissions in air are numerous and therefore, cannot be ignored. This paper presents a research conducted 

on generators harmful exhaust emissions, their spread in buildings, effects on humans and preventive strategy.  

It first presents the different types and nature of the harmful exhaust emissions and further discussed their 

sources in buildings. The effects of the harmful exhaust emissions on humans such as health disorders (Cancer, 

respiratory tract infection, carbon monoxide poisoning, fatigue, headache, bleeding and depression, lowered 

immune system) were also highlighted and analyzed. The preventive strategy which includes; implementing safe 

practices, proper use and maintenance of generators, and piping the exhaust emission away from buildings was 

finally presented. 
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I. INTRODUCTION 
The generators in general, are not perfect and they produce emissions through their exhaust pipes or 

other system. These emissions are produced as a result of the combustion of fuels, natural gas, gasoline, petrol 

(Omidvarborna et al., 2014).The major products of the complete combustion of petroleum-based fuels in 

generators and other internal combustion engine are carbon dioxide, water and nitrogen from air comprising 

highest percentage. A very small portion of the nitrogen is converted to nitrogen oxides and some nitrated 

hydrocarbons. Carbon monoxide (CO), hydrocarbons (HC), and oxides of nitrogen (NOx), particulate matter and 

sulfur dioxide are other generators’ exhaust emissions and they are harmful to humans. Some excess oxygen 

may be emitted which may be dependent on the operating conditions of the generator’s engine. 

Furthermore, the emission of generator exhaust contributes greatly to air pollution and are part of the 

major causes of health disorders and deaths in buildings in Nigeria (Bola, 2018; Yinka, 2017; Onoiribholo, 

2018). The harmful exhausts emissions from generators are usually spread in buildings as a result of human 

errors and atmospheric conditions. Therefore, there is the need to reduce to minimum health hazards associated 

with the generator exhaust emissions in buildings. For health hazards to be minimized, the concentration of 

generator exhaust emissions in buildings should be reduced. 

Moreover, these emissions can be reduced via maintenance and proper usage of generators (Dahlgren, 

2014) and safe practices since the concentration of a chemical species in generator engine exhaust is a function 

of several factors, including engine type, engine operating conditions, fuel and lubricating oil composition and 

emission control system (Johnson, 1988; Elias et al., 2009).  

The main objective of this paper is to identify and analyze the harmful exhaust emissions from 

generators in buildings, their effects on human health and to suggest preventive strategy. 

 

GENERATOR EXHAUST EMISSIONS 
Emissions from gasoline generator exhaust and other spark-ignition engines that run on unleaded gasoline are 

qualitatively similar to the emissions from diesel engines (Alsberg et al., 1984). 

 

Diesel Generator Exhaust Emissions 
Diesel engines (generators) emit compounds containing a complex mixture of gases, vapors, liquid 

aerosols and particulate substances or particles. These substances are the products of combustion. The exhaust 

emissions from diesel generators are usually more visible than those emitted from petrol engines because they 
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contain over ten times more soot (HSE, 2012). Diesel engines generally produce less carbon monoxide than 

petrol engines but more oxides of nitrogen, sulphur oxides, aldehydes and particulate matter (table 1). 

The main chemical constituents of diesel generator exhaust emissions are carbon (soot), nitrogen (N2), water 

(H2O), carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), of sulphur oxides (sulphur dioxide 

(SO2), aldehydes, ketones, alcohols, polycyclic aromatic and various hydrocarbons (PAHs). 

The composition and quantity of diesel generator exhaust emissions depend on the following;  

(a) The engine type (non-turbocharged, turbocharged diesel engine), 

 (b) The engine condition,  

(c) Specification of the fuel used, 

 (d) Workload demand on the engine, and 

 (e) Engine temperature  

 

Gasoline generator exhaust Emissions 

Emissions from gasoline generator exhaust are quiet similar in terms of quality to the emissions from diesel 

engines and they are shown in table 1.  

 

Table 1: Generator Exhaust Emissions 
Generator exhaust emissions 

 

Compound 

% of total 
Petrol Diesel 

   
Nitrogen 71 67 

Carbon dioxide 14 12 
Water vapor 13 11 

Oxygen  10 

Trace elements < 0.6 ~ 0.3 
Nitrogen oxides < 0.25 < 0.15 

Carbon monoxide 1 - 2 < 0.045 
Particulate matter  < 0.045 

Hydrocarbons < 0.25 < 0.03 
Sulfur dioxide possible traces < 0.03 

(Source: ADUI, 2000) 

All figures in table 1 are approximate values. 

 

GENERATORS’ HARMFUL EXHAUST EMISSIONS 

Generally, internal combustion engines are not perfect. Even most modern, technologically advanced 

generators and other internal combustion engines still naturallyly produce some level of harmful emission 

output. This is because several conditions in the combustion chamber prevent complete combustion and causes 

unwanted chemical reactions leading to harmful emissions.  

The harmful emissions from generators and their causes are: 

 

Carbon monoxide (CO) Emission 

Carbon monoxide is a byproduct of incomplete combustion. The air and fuel mixture in the engine will 

not burn completely when it does not have enough oxygen present during combustion because there is 

insufficient oxygen present to fully oxidize the carbon atoms into carbon dioxide. As a results this, carbon atom 

bond with only one oxygen atom thereby forming carbon monoxide (Yamaki et al., 1986). The carbon 

monoxide, CO usually formed is colorless, tasteless, and odourless, but highly toxic and combustible gas. 

 

Hydrocarbon (HC) Emission  

Hydrocarbons are raw fuels of organic compounds that are made up of only hydrogen and carbon 

atoms. The amount of hydrocarbons emitted from combustion chamber when combustion does not take place at 

all as a result of misfire is high (Pulkrabek, 2004). Misfire occurs due to fuel delivery, ignition or air induction 

problems. Partial misfire occurs when there is poor mixing of fuel and air as a result of excessive intake of air 

and low temperature. The harmful hydrocarbons emitted are benzene (C6H6) and Polycyclic Aromatic 

Hydrocarbons (PAHs) among others. 

 

Oxides of Nitrogen (NOx) Emission 
According to Zaebst et al. (1988), high engine cylinder temperature and pressure which occur during 

the combustion process can cause nitrogen to react with oxygen to form Oxides of Nitrogen -NOx. Lean air/fuel 

mixture, extreme temperature intake air and overheated engines are the common causes of excessive NOx. 
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Sulfur dioxide 

Sulfur dioxide is emitted as the result of fuel combustion and in very small concentration in diesel 

engine as shown in table 1. Sulfur dioxide is an invisible gas and has a nasty, sharp smell. It reacts easily with 

other substances to form harmful compounds, such as sulfuric acid, sulfurous acid and sulfate particles. 

 

Particulate matter 

Particulate matter is made up of all solid and liquid particles (includes both organic and inorganic 

particles, such as dust, soot, smoke, and liquid droplets) suspended in air. 

The particulate matter emitted by generator contains 60–80% of elemental carbon (Zaebst et al., 1988), 2–7% 

sulfuric acid (Pierson & Brachaczek, 1983) and some metallic species, e.g., iron from the engine and exhaust 

system (Lang et al., 1981), barium from fuel (Hampton et al., 1983) and zinc from lubricating oil (Hare & 

Baines, 1979), and adsorbed organic compounds (National Research Council, 1982). 

 

THE SPREAD OF GENERATORS’ HARMFUL EXHAUST EMISSIONS IN BUILDINGS 

The generator engines are designed to push exhaust gases in a given direction. At the end of the exhaust pipe, 

the speed is about 7 m/s which enables emissions to be directed away from the body of the generator. In 

addition, wind plays an important role in the movement of these gases. The generators’ harmful exhaust 

emissions can spread in buildings through the following means:  

 

i. Directing exhaust pipe towards the building as shown figure 1. 

 
Figure 1: Wrong direction of generator’s exhaust pipe (Source: CTIF. 2014) 

 

ii. Keeping generator in room, corridor, gang way, stair case and passage among many others.  

 
Figure 2: Generator in a corridor 
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iii. Keeping generator less than 7m away from a building. In this position, the concentration of emissions 

from generator in a building increase faster to a level that endanger human life.  

 

 
Figure 3: Generator in close proximity to house 

 

iv. Positioning of generator’s harmful exhaust pipe due west in the tropics. The wind is usually from the 

east and to the west (American Meteorological Society, 2009) through most of the tropics and positioning of 

generator’s harmful exhaust pipe due west will cause emissions to be blown in the opposite direction which may 

be towards building. 

v. Fast blowing wind. Wind blowing faster than 1 m/s especially during harmattan, can redirect exhaust 

emissions; towards opposite direction of the right setting of generator in building environment (i.e. towards the 

building). In this case generators’ harmful exhaust emissions can spread inside windows and doors when opened 

even when the distance is more than 7 m.  

 

EFFECTS OF HARMFUL EXHAUST EMISSIONS ON HUMAN HEALTH 

The effects of harmful exhaust emissions on human health are numerous and are stated and analyzed below; 

Health Effect of CO  

Carbon Monoxide is a product of incomplete combustion (oxidation) of fossil fuels or hydrocarbons. 

The binding of carbon monoxide (CO) with haemoglobin to form carboxy-haemoglobin (HBCO) reduces    the 

capacity of blood to carry oxygen, and the binding with other haem proteins is directly related to changes in the 

functions of affected organs, such as the brain, cardiovascular system, exercising skeletal muscle and the 

developing foetus.Carbon monoxide poisoning is the most common type of fatal air poisoning in many countries 

(Omaye, 2002). Poisoning is more serious with higher concentration, longer exposure and more intense physical 

activity.  

 

Health Effect of NOx  

Mono-nitrogen oxides NO and NO2 (NOx) react with ammonia, moisture, and other compounds that 

form nitric acid vapor and related particles. When these particles in excess get into the lung tissue, they can 

cause damage to it, leading to premature death in extreme cases. According to Turner et al. (2017), the 

inhalation of NO species increases the risk of lung cancer and colorectal cancer. Also, they may cause 

respiratory diseases such as emphysema and bronchitis and heart disease (EPA, 2013). 

 

Health Effect of Particulate matter (PM10 and PM2.5)  
Inhalation of airborne particulate matter can cause asthma and cardiovascular issues. Due to the size of the 

particles, they can infiltrate the deepest part of the lungs (Babadjouni et al., 2017) and cause lung cancer (Hamra 

et al., 2015). Inhalation of airborne particulate matter can also cause premature death (Kurt et al., 2016; 

Bourdrel et al., 2017).  
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Health Effect of Hydrocarbons 

Long-term exposure to benzene (C6H6)  can lead to damage of  bone marrow; can cause excessive bleeding and 

upset the immune system, increasing the chances of infection. C6H6 in the blood causes leukemia and also other 

blood cancers and pre-cancers of the blood (Automobile Association Developments Limited, 2012). On the 

other hand, several Polycyclic Aromatic Hydrocarbons (PAHs) are carcinogenic (IARC, 1983; IARC, 1987) 

Health Effect of Sulfur dioxide  

Inhalation of sulfur dioxide causes constriction of air passages, creating problems for people with asthma and 

for young children whose small lungs need to work harder than adults’ lungs (Dahlgren, 2014).   

Health Effect of Ozone  

Though ozone is beneficial in the upper atmosphere, it reacts with lung tissue in the body. It can inflame and 

cause harmful changes in breathing passages, decrease the lungs' working ability and cause coughing and chest 

pains (EPA, 2016). Even healthy people are found to be affected by ozone. 

 

PREVENTIVE STRATEGY 

The preventive strategy involves both reduction of the emission rate and prevention of spread of emissions in 

buildings and is discussed below.  

Reduction of Emission Rate 

The exhaust emissions depend on the engine combustion design and operating conditions, the fuel grade and 

lubricant and the state of maintenance (Elias et al., 2009). Reduction of emission rate therefore, involves the 

following: 

1. Use of more fuel-efficient or lower emission generator where possible.  This may cause higher engine 

injection pressures to reduce particulates and fitting exhaust gas recirculation systems to reduce gaseous oxide 

emissions; 

2. Proper maintenance of generator. Generator pollutes the least amount when they are brand new. Over 

time, the emission control systems of the generator degrade and pollution increases. Keeping your generator 

well-maintained with regular tune-ups will prolong the efficiency of your engine and its emission control 

systems. Generator owner's manual has a suggested maintenance schedule that can help generators operate 

efficiently. Maintenance also involves using high grade fuel (cleaner fuels such as low sulphur diesel fuels) and 

lubricant in running generators. 

3. Using generators in good operating conditions.  

4. Using generators without exceeding the load capacity as specified by the manufacturer.  

 

Prevention of Exhaust Emissions from Spreading in Buildings  
The following are ways exhaust emissions can be prevented from spreading in buildings: 

1. Keeping generator at least 7m away from a building especially when operated in the open. Keeping 

generators in this position reduces emissions volume that enters building at a level that is less harmful to 

life. 

2. Directing exhaust pipe away from the building.  

3. Avoiding keeping generators in corridor, room, gang way, stair case, deepened parts of buildings and 

passage among many others.  

4. Closing windows and doors when running generators in open environment.  

5. Piping exhaust emissions away from buildings especially when used in corridor, stair case, passage, gang 

way, and deepened parts of buildings among many others.  

6. Piping exhausts emissions above 10m when used around bungalows (Ezetoha et al., 2014). When emissions 

are 10m and above, they will spread in air above windows and doors level in bungalows. In addition, the 

emissions (gases) such as CO, is lighter than air and therefore cannot spread through windows and doors.     

7. Positioning of generator’s harmful exhaust pipe due east in the tropics. This will cause emissions to be 

blown in the direction of the wind and this is away from the building. 

8. Use of electronic detectors/monitors for monitoring exhaust emissions in buildings. The personal dosimeter 

is an example of such device for the detection of carbon monoxide (CO). 

 

II. CONCLUSION 
This work has shown that generators produce emissions that spread in buildings due to human errors. 

The harmful exhaust emissions cause health problems such as fatigue, headache, respiratory tract infection, 

carbon monoxide poisoning, bleeding and depression, lowered immune system and cancer among many others.  

The study also established that the volume of emission and the associated health problems can be 

prevented by reducing the emission rate and preventing harmful emissions from spreading in buildings. The 

preventive strategy therefore includes implementation of safe practices, proper use and maintenance of 

generators, and piping of exhaust emission away from buildings. It is therefore advised that the preventive 
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strategy presented herein be adopted by anybody using generator in building in order to prevent health 

disorderliness associated with its exhaust emissions. 
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