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Applications	 which	 integrate	 wind	 energy	 and	 both	 agriculture	 and	 stock	 raising	 are	
increasingly	becoming	popular	especially	in	Europe.	Subject	applications	enable	the	land	to	be	
utilized	in	various	favorable	ways.	In	this	study,	by	using	a	5‐year	average	wind	data	referring	
to	Erzurum	and	Ardahan,	two	eastern	cities	of	Turkey	which	are	characterized	by	prevailingly	
an	extensive	cattle‐raising,	wind‐blowing	durations	were	calculated	by	Rayleigh	distribution.	
Annual	 wind	 blowing	 durations	 for	 Erzurum	 and	 Ardahan	 ranged	 between	 479.6‐5825.7	
hours	and	1643.6‐6710.8	hours,	 respectively.	The	data	obtained	was	predicted	 via	artificial	
neural	networks	and	output	results	 indicate	an	prediction	accuracy	at	99%	 level	thereupon.	
The	integration	of	agricultural	and	stock	raising	activities	with	wind	energy	shall	contribute	
to	environmental	aspects	as	well	increasing	the	efficiency	and	effectiveness	in	the	region.	

Keywords	
Wind energy prediction 
Wind blowing duration 
Artificial neural networks 
Machine learning 
Organic farming, Livestock raising 

1. INTRODUCTION

Global energy needs are increasing rapidly in accordance with the increasing population. Due to depletion and their 
environmental damage, the fossil fuels used today to meet the energy needs are being replaced by renewable energy 
sources. Wind energy is a renewable energy source that is increasingly used in our country. Wind energy generation in a 
certain region depends on the performance characteristics and operating conditions of the wind on that specific region. It 
would not be possible to determine a stable model for the system where and if the wind velocity and the output power 
data have frequently variable characteristics. Hence, the amount of wind energy to be generated will be closely related to 
the wind velocity in that region. The energy which can be generated on a wind turbine depends on several parameters 
such as the wind velocity, the tower height of the wind turbine, the wing diameter, the density of the zone, and the wind-
blowing duration. 

Organic farming activities gained a worldwide momentum due to the fact that consumers in advanced countries have come 
to realize the damages caused by industrial processes to human health as well as environment. This type of production 
activity has spread rapidly all over the world and it has been observed that it was possible to yield a richer aroma in the 
products grown under organic farming conditions. Organic livestock activities have survived from the 1980s onwards. The 
main goal in this kind of activity is to restore the natural balance which tended to be lost in the ecosystem and to give 
weight to animal health, as well as human health [1]. Besides, industrial agriculture and stock raising generally require 
high energy consumption. This requirement brings about economic and environmental problems. In order to prevent 
these problems, the issue of agricultural and stock raising applications integrated with renewable energy have become an 
important research topic in recent years, particularly in European countries. 
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Likewise its utilization in many other areas, artificial neural networks (ANN) have been used also for the determination of 
wind data such as wind velocity data and blowing duration of wind. By using statistical methods plus ANN, Kırbaş 
predicted the short-term multi-step wind velocity [2]. Using the wind velocity data for Akhisar region, Ata predicted the 
wind-blowing duration of that region with ANN [3]. Gnatowska and Moryn-Kucharczyk evaluated the wind energy 
perspective in Poland particularly in terms of wind power. He emphasizes the significance of state support in the 
production of wind energy in his study [4]. In an attempt to increase the estimation quality in wind energy studies, Yan 
and Ouyang suggested a new approach and verified their study in a real-world wind production facility [5]. In their study, 
which well summarized the characteristics of wind energy, Güngör and Eskin examined the deficiencies in previous 
studies, while also pointing out the possible future development areas in energy envisionings. [6]. In his study, Güngör 
investigated the effect of global warming on the potential of wind energy [7].  
 
In this study, by using the wind velocity data at an altitude of 10 meters in Ardahan and Erzurum which was obtained from 
Turkish General Directorate of Meterological Affairs (GDMA) [8], wind blowing durations were calculated. Wind blowing 
durations obtained were predicted with ANN. The present study aims at integrating the renewable energy sources with 
agriculture and stock raising, and is intended to be served as an example for respective engineers, designers and planners 
in this regard. 
 
2. AGRICULTURAL	AND	LIVESTOCK	CHARACTERISTICS	IN	THE	STUDIED	REGION	
 
The urbanization rate in Erzurum is below Turkey’s average and rural employment in the city constitutes 62.3% of total 
employment. These socio-economic indicators suggest that stock raising is important for the provincial economy and will 
preserve this importance in the near future. Number of milked cattle in Erzurum constitutes 4.5% of the total milked cattle 
in Turkey, while its contribution to Turkey's total milk production amounts to 4.3% of the overall milk production in the 
country. The presence of sheep and goat in the province has demonstared a significant decline in recent years. As for 2017 
data, there are 730.000 cattle and 714.000 sheep and goat in Erzurum [9,10]. 
 
Due to elevation features and air masses effective throughout the year, a harsh continental climate is dominating in 
Ardahan. Based on these parameters, the average temperature is below -10 °C in winter and is about 16-17 °C in summer 
period. According to the official data of the GDMA, the average annual temperature is 3.7 °C. The highest temperature in 
Ardahan is measured as 16.3 °C in July, whereas lowest temperature values are measured in January. In addition, due to its 
geographical location, the large mountain ranges in southwest-northeast direction are found to have an altitude about 
2000-2200 meters whereas in volcanic masses it even reaches to 3000 meters and over. Due to the fact that the climatic 
conditions are convenient for agriculture, the proportion of land allocated to agriculture in the province is around 17%, 
80% of which is assigned to grain products. In the remaining areas, the mostly cultivated product group is forage crops. 
Through some narrow areas in the vicinity of Posof and in Kurtkale basin which enable pomiculture, a variety of fruits are 
grown such as apples and walnuts [11]. 
 
Cattle raising is of particular importance in Ardahan and is mainly represented by beef raising. While there is more cattle 
in the central district and Göle with their larger grassland areas, in the villages of Posof basin the number is much fewer 
due to lack of pasture areas. Small livestock in the province is basically represented by sheep raising. It is mostly raised in 
the central district and Çıldır. Poultry farming, which is mainly forefronted by goose breeding, is a city-wide common 
activity. Other poultry includes chicken, turkey and duck [11]. 
 
Considering the agricultural and livestock activities and the potential in the region, it can be suggested that these activities 
can be increased through several governmental promotions and support. Rough and high mountainous areas in the region 
is one of the main factors restricting the effective use of region’s available lands. Besides, agricultural and stock raising 
activities when supported by future wind power plants in the region shall contribute to the efficient use of the area. 
 
3. DESIGN	
 
There are varios methods available in the literature to determine the wind energy potential of a region, yet, the most 
commonly used ones are the Weibull and the Rayleigh distributions. In order to determine the duration and distribution of 
the wind in a region during a given period, in addition to the Weibull distribution, Rayleigh distribution is used by taking 
the shape parameter in the probability density function as two. Generally, the Rayleigh distribution is used when only the 
average velocity value is known for the region.  
 
Rayleigh density function is shown as below; 
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Rayleigh cumulative distribution function is shown as below; 
 

𝐹ோሺ𝑣ሻ ൌ 1 െ exp ሺെ
𝜋
4

ሺ
𝑣
𝑐

ሻଶሻ (2) 

 
where; c is parameter of scale (m/s). The biggest advantage of the Rayleigh distribution function is that it can determine 
the wind distribution of a given region depending only on the average velocity. The blowing velocity/hour can be 
calculated according to the Rayleigh distribution function with the help of Equation 3 [12]. 
 
ℎ௥ ൌ 𝑓ோሺ𝑣ሻ ∗ 8760 (3) 
 
The average annual wind velocity data for Ardahan and Erzurum at altitude of 10 m for the years 2014-2018 are given in 
Table 1 and 2, respectively [8]. Out of five-year histrorical data regarding Ardahan, the highest average wind velocity is 
featured in station no.3 (Çıldır) with 3.515 m/sec. The lowest average wind velocity featured in the same city belonged to 
station no.2 (Posof) with 0.951667 m/s. In Erzurum, while the station no.25 (Karaçoban) is observed as having the lowest 
wind velocity with 1.41 m/s, the highest value appeared in station no.12 (Yakutiye) with 4.180 m/s. 
 

Table	1.  The	average	annual	wind	velocity	data	for	Ardahan	[m/s]	[8]	
Measurement 
station 

Province/region 2014 2015 2016 2017 2018 

1 Ardahan 1.25 1.283333 1.025 1 0.991667 
2 Posof 0.866667 0.883333 1.1 0.991667 0.916667 
3 Çıldır 3.683333 3.383333 3.65 3.425 3.433333 
4 Damal 2.466667 2.575 2.7 2.608333 2.516667 
5 Göle 2.108333 2.141667 2.216667 2.083333 2.091667 
6 Hanak 2.025 2.091667 2.116667 2.208333 2.05 

 
Table	2. The	average	annual	wind	velocity	data	for	Erzurum	[m/s]	[8]	

Measurement 
station 

Province/region 2014 2015 2016 2017 2018 

7 Erzurum  1.458333 1.391667 1.466667 1.341667 1.391667 
8 Erzurum Airport 3.083333 2.783333 3.4 3.025 2.575 
9 Uzundere 1.666667 1.791667 1.783333 1.8 1.883333 
10 İspir  1.666667 1.716667 1.741667 1.641667 1.783333 
11 Oltu  2.175 2.133333 2.058333 2.125 1.975 
12 Yakutiye  4.857143 4.75 4.714286 3.166667 3.414286 
13 Palandöken  4.033333 3.4125 3.366667 3.641667 3.77 
14 Aziziye  4.011111 9.74 3.022222 2.755556 2.366667 
15 Tortum 1.441667 1.491667 1.483333 1.541667 1.425 
16 Horasan 1.141667 1.2 1.15 1.166667 1.233333 
17 Aşkale (Kop Mountain)  3.375 3.7 4.036364 3.2 3.025 
18 Hınıs  1.258333 1.35 1.4 1.308333 1.416667 
19 Palandöken Ski Center  4.866667 3.4 3.95 3.85 4.033333 
20 Pasinler  4.008333 3.916667 2.833333 2.375 2.266667 
21 Narman  1.908333 1.85 1.925 1.958333 1.808333 
22 Çat  3.358333 3.916667 2.683333 2.308333 2.291667 
23 Karayazı  3.125 3.25 3.391667 3.175 3.175 
24 Aşkale  1.35 1.525 2.275 2.183333 2.083333 
25 Karaçoban  1.233333 1.183333 1.083333 1.025 1.358333 
26 Köprüköy  2.375 2.291667 2.45 2.2 2.216667 
27 Olur  2.008333 2 2.066667 2.1 2 
28 Pazaryolu  2.641667 2.55 2.6 2.35 2.583333 
29 Şenkaya  2.525 2.55 2.558333 2.633333 2.5 
30 Tekman  2.633333 2.391667 2.641667 2.35 2.375 
31 Çayırözü  2.428571 2.533333 2.166667 2.2 2.391667 
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Fig.	1. Locations	of	the	measurement	stations	

 
Fig.1 shows the locations of the measurement stations from which the data is collected. Blue and red colors demonstrate 
the stations in Ardahan and Erzurum, respectively. As can be followed clearly from the figure, the measurement stations 
cover a satisfactorily large area and can well generate comprehensive results about the regions under study. 
 
4. SOLUTION	METHOD	
	
In this study, feedback propagation learning algorithm was used to determine the wind blowing duration. The study 
benefited from the artificial neural network toolbox which is available in MATLAB/Simulink software package. 
Normalization techniques were applied to input values in order to improve the performance results. The input and output 
data of the ANN which was obtained from the GDMA consist of 70% training cluster, 15% validation cluster and 15% test 
cluster, which amounted as 1249, 268 and 268 data figures, respectively. The performance analysis of the neural network 
was evaluated by the Mean Square Error (MSE) and the Regression curve. According to the test results, the best results for 
wind blowing duration prediction were obtained via 9 hidden layer architecture. Network was trained using the 
Levenberg-Marquardt optimization technique. Using input/output values, different network configurations are trained in 
order to produce minimum Mean Square Error (MSE) and maximum regression values. The ANN architecture designed for 
the study is given in Fig. 2. 
 

 
Fig.	2. Developed	ANN	structure	

 
5. RESULTS	AND	DISCUSSION	
	
The results indicate that, the station with the maximum wind duration in Ardahan is Posof, while the station with the least 
blowing duration is station no.3. Similarly, the maximum and minimum wind blowing duration in Erzurum belong to 
station no.25 and no.12, respectively. Maximum wind blowing durations occured in the areas which had minimum wind 
velocity; and, just in contrast, minimum wind blowing durations occured in the areas with maximum wind velocity. Table 3 
and Table 4 depict the annual average values (in hours) of wind blowing durations produced via Equation 3. It can be 
observed that wind-blowing durations for the areas under study vary between 479.6-5825.7 hours and 1643.6-6710.8 
hours per year for Erzurum and Ardahan, respectively. 
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Table	3.	Annual	average	values	(in	hours)	of	wind	blowing	durations	of	Ardahan	(hrs/year)	

Measurement 
station 

Province/region 2014 2015 2016 2017 2018 

1 Ardahan 4733.203 4370.249 5756.821 5658.453 6041.088 
2 Posof 6495.56 6710.821 5324.31 5846.948 6345.464 
3 Çıldır 1646.835 1805.675 1643.636 1765.14 1755.765 
4 Damal 2337.085 2343.559 2213.281 2297.478 2413.2 
5 Göle 2763.522 2747.942 2693.202 2814.068 2909.252 
6 Hanak 2840.275 2869.319 2810.844 2667.931 2917.438 

	
Table	4.	Annual	average	values	(in	hours)	of	wind	blowing	durations	of	Erzurum	(hrs/year)	

Measurement 
station 

Province/region 2014 2015 2016 2017 2018 

7 Erzurum 4145.23056 4165.447 4000.046 4268.346 4250.11 
8 Erzurum Airport 1955.67937 2087.265 1765.158 1871.672 1260.116 
9 Uzundere 3143.11204 2989.538 3070.985 2997.615 2973.711 
10 İspir 3582.86985 3414.167 3440.17 3636.309 3379.16 
11 Oltu 2811.79328 2887.914 2995.521 2871.655 3129.309 
12 Yakutiye 743.355147 479.62 1181.252 1387.385 1200.451 
13 Palandöken 1450.10758 1214.802 1841.948 1699.523 1338.103 
14 Aziziye 1034.91279 120.0423 1604.926 2285.331 2373.665 
15 Tortum 4244.62423 3961.477 4089.219 4035.151 4257.486 
16 Horasan 5114.41945 4791.188 5119.905 4967.086 4946.985 
17 Aşkale 1628.93456 1393.711 1407.308 1450.408 1999.496 
18 Hınıs 4671.12966 4472.484 4294.659 4632.293 4299.778 
19 Palandöken 1225.52058 154.1213 1562.849 1615.985 1523.813 
20 Pasinler 1497.82276 1530.157 2064.185 2508.328 2658.609 
21 Narman 3066.36423 3144.852 3124.87 3021.858 3351.015 
22 Çat 1807.19975 1507.764 2172.554 2555.485 2652.498 
23 Karayazı 1941.27699 1906.42 1804.562 1918.092 1918.092 
24 Aşkale 4340.22092 3854.256 2625.005 2747.386 2900.057 
25 Karaçoban 4716.85948 4982.754 5567.42 5825.745 4377.563 
26 Köprüköy 2458.29597 2518.716 2428.775 2592.623 2717.93 
27 Olur 2885.8709 3016.304 2879.499 2834.338 2985.84 
28 Pazaryolu 2191.1886 2251.299 2221.07 2411.023 2326.168 
29 Şenkaya 2313.407 2319.602 2362.507 2279.923 2444.502 
30 Tekman 2228.62933 2451.254 2240.628 2441.056 2539.75 
31 Çayırözü 1426.98881 1179.395 665.2048 2706.959 2514.132 

	
Table	5.	Regression	and	MSE	for	different	architecture. 

Hidden 
Layer 

Regression Validation 
MSE 

Epoch 
Training Validation Test 

2 0.9894 0.9851 0.9820 0.011 800 
3 0.8918 0.9315 0.8800 0.017 800 
4 0.8874 0.9232 0.9366 0.016 800 
5 0.9001 0.8879 0.9239 0.024 800 
6 0.8943 0.9247 0.9097 0.018 800 
7 0.8951 0.8869 0.9360 0.026 800 
8 0.9001 0.8970 0.9156 0.025 800 
9 0.9048 0.8721 0.9112 0.026 800 
10 0.8951 0.8932 0.9042 0.028 800 

 
A given regression result converging to 1 represents a close relationship between variables, while they are meant to have a 
weaker relationship when the regression result converges to 0. As shown in Fig. 3, the results of the network with 2 
hidden layer have a regression value of approximately 1, which means that ANN successfully predicts the unknown data. 
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Fig.	3. Regression	results	of	ANN	

 
The output function obtained as a result of ANN modeling and prediction of the data is provided in Fig. 4, and error 
histogram and validation MSE obtained from the study are given in Fig. 5. As expected, maxiumum error values shown in 
Fig. 5 are noted to occur during the training of the network. 
 

 
Fig.	4. Simulation	and	Real	Values	of	Data 

 

	
Fig.	5.	Error	histogram	of	ANN	modeling	(left),	Validation	MSE	values	(right) 
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6. CONCLUSIONS	
	
As a renewable energy source, durableness of wind energy and pre-measurements for turbine installation are of great 
importance. The installation of the wind turbine at an optimal location is a parameter that directly affects the amount of 
electrical energy to be obtained. In this study, wind blowing durations in Erzurum and Ardahan, two eastern cities in 
Turkey, where cattle raising and agriculture activities are carried out, were determined with Rayleigh distribution and the 
results  were predicted by artificial neural networks which is one of the techniques of machine learning. Prediction results 
performed a 99% accuracy. The current study showed that agriculture and stock raising activities would be carried out in 
integration with wind energy, especially for the locations with long wind blowing durations. Considering the high 
performance rates as for the prediction of artificial neural networks, this method is promising in predicting several other 
parameters regarding wind energy. 
 
As far as the regions under study is concerned, it is possible to assert that these regions can be improved in terms of 
energy as well as agriculture and stock raising. Integrating agriculture and stock raising activities with wind energy, which 
is a sort of renewable energy, would yield to increase the efficiency and effectiveness and make favorable contributions to 
environment. 
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H I GH L I GHT S 	 	 GRAPH I C A L 	AB STRA CT 	
 Solar air heating system is 

designed to warm the room 
especially for cold climatic 
regions. 

 Design low cost solar air heating 
system which would be easy to 
run.  

 Maintenance free solar air 
heating system will be installed 
in the room which may run for 
many years. 

 Solar air heating system takes 
energy from sun, which can 
reduce monthly home energy 
bills. 

 Use of double glazing and 
insulation materials increases 
the efficiency of FPC. 
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	 Humankind	 faces	 enormous	 challenges	 relating	 to	 energy	 supply	 and	 ecological	 safety.		
Heating	system	is	an	essential	part	of	homes	in	colder	area,	which	needs	a	lot	of	energy.	In	this	
work	a	 solar	air	heating	 system	 is	designed	by	using	easily	accessible	materials	 to	heat	 the	
room.	 The	 adoption	 of	 low	 cost	materials	 and	 easy	 design	 	 represents	 the	 novelties	 of	 the	
proposed	 system	as	compare	 to	 the	other	commercial	collectors.	 	This	eco‐friendly	 solar	air	
heating	system	consists	of	flat	plate	collector	(FPC),	battery,	solar	cell	and	fans.		FPC	consists	of	
transparent	glass,	absorbing	plate,	insulating	material	and	fluid	(air).		In	this	experiment	flat	
plate	collectors	are	used	 inclined	vertically	at	the	angle	of	45�	near	to	the	wall	of	the	room	
which	gives	attractive	results.	 	The	results	were	obtained	 from	south	 face	 located	room.	The	
time	 of	 solar	 heating	 is	 about	 7‐8	 hours	 on	 the	 daily	 bases	 and	 an	 average	 temperature	
difference	 obtained	was	 about	 12�	 as	 compared	with	 the	 same	 dimension	 reference	 room.	
Experimental	results	conclude	 that	 this	 solar	air	heating	 system	 is	able	 to	heat	 the	room	 in	
cold	 seasons.	 	Hence	 the	 system	making	very	 important	 contribution	 for	 the	 saving	of	 fossil	
fuels	and	diminution	of	carbon	release	on	worldwide	scale.		
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1. INTRODUCTION	
 
Nowadays, heating is the most important issue facing by the population in cold areas. Due to increase in scientific 
advances, in population, in the sustainability of the built environment, and also due to the improved standard of living, 
demand of energy is increasing day by day and energy saving is becoming a major issue [1].To face the current threads in 
the world e.g. change in atmosphere, declining of fossil fuel sources, high cost of electricity and the incessant acceleration 
in the energy demand use of renewable energy and other energy sources are most sustainable ways. The renewable 
energy is most advantageous in hot and moderate parts of the world where the sun impose enormous quantities of energy 
on the surrounding which warms our homes and also reduce the use of fossil fuels [2]. Most inexpensive form of energy is 
solar energy which is accessible in developing countries located on both sides of equator and been looked as a source of 
infinite energy [3]. Solar radiations of little function will receive on the surface of earth due to reflection, absorption and 
scattering of the environment. For energy demand solar power is adequate in human society. The power that is 
intercepted by the earth is approximately 1.8 x 1011 MW, which is several times larger than the energy expenditure of 
current rate [4]. In many countries house zone utilization of energy is almost 30 -40% of the total energy expenditure.  One 
fifth of the universe total vestige energy generation consumed by household cooling and heating individually, which means 
that our residence faces many ecological troubles like greenhouse emission. As a result we give a high ecological rate for 
our future. By examining more deeply building heating demand is about 60% of the total energy. Water heating or room 
heating is clarified for over 75 percent of energy use in individual or multifamily houses. More exclusively, in Europe the 
expenditure of energy in buildings is about 37%, and in United States energy expenditure of buildings is about 41% and 
for China 28% [5]. A large proportion of house zone is dependable on energy expenditure and greenhouse gas emissions. 
Therefore, an escalating number of managements have taken political actions to get better energy competence and to 
moderate carbon dioxide in houses. These trials mostly taken to encourage the innovative new energy devices to meet the 
hose zone energy demands more sustainably and also low in cost. Ventilating, air conditioning and heating systems are 
some major parts of energy expenditure and energy consumers in buildings. In effect, buildings total heat expenditure 
differs between 16% and 50% depending on buildings volume and environmental circumstances. These three systems are 
climate controls of the interior of house which adjust and control the temperature and humidity to provide thermal 
comfort and air quality inside the house.  Solar air heating systems stores and collects the heat from sun, and maintains the 
heat within the house [6]. 
 
Solar collector is a device used to exchange the heat between the outlying sources.  Radiations coming from the sun strike 
the collector absorber plate and then absorber plate collects the heat and transferred this collected heat towards the fluid 
[7]. There are two types of solar collectors. First one is concentrating and second one is non-concentrating solar collectors. 
There are   further two types of non- concentrating solar collector, evacuated tube solar collector and FPC. The most 
common and most ancient type of collector is  FPC. Hottel and his co-workers first time worked on FPC in 1942 and in 
1958, respectively. They manufactured a FPC which consists of absorber plate, glazing, fluid (air or water), and insulating 
material. To enhance the efficiency of FPC, Tabor prepared choosy black surfaces in 1955 and after that many researches 
have been done to improve the thermal performance of the FPCs. FPCs catch the heat from the sun and this trapping heat 
can be used for many applications e.g. to heat the water, for house heating and also for many other industrialized 
applications. FPC performance can be drastically resolute by a resourceful photo thermal alteration of sun radiations into 
the thermal heat of the absorber plate of the collector.  Due to this reason sun rays of wavelengths three hundred 
nanometer to twenty five hundred nanometers should be engrossed as far as feasible. For standard and low down 
applications of heating FPCs are very well-liked [8].  
 
Many devices can be used to convert solar energy into thermal energy like solar thermal collectors, solar plates, solar 
photovoltaic/thermal (PV/T) collectors, Peltier modules, etc. These devices can be fitted near to the buildings or on to the 
buildings or sometimes can be incorporated into the building rudiments for example on roofs or on front walls of the 
buildings [9].  In summer months of the year, extra solar thermal energy can create heating stacks in residences and in 
other buildings and it is necessary to be eliminated by air conditioning but in winter seasons buildings required heating 
devices to maintain the thermal comfort inside the buildings [10]. In 2010, FPC was manufactured by Wazed and his co-
workers and analyzed its working. They examined that flat plate solar air heater was working very well. They 
experimentally proved that flat plate solar air heater increased the room temperature about 45.5℃ and the difference 
between this and ambient temperature was 12.25℃ [11].  Another flat plate solar air heater was introduced by Chaichan 
and his co-workers they examined its performance in cold time of the year. They experimentally found that aluminum 
plate hotness raised about 142.45% as compared to the temperature of air stream. With the absorption of solar radiations 
the temperature of aluminum plate was 51℃ and the ambient temperature was about 40℃ [12]. A new installation of solar 
collectors has been installed by Motte et al., in 2013 which was unseen from the ground. It could be set up on new and old 
buildings.  They calculated on the spot efficiency of collector according to the reduced high temperature and showed that 
the performance of these types of collectors were similar to the old type [13]. Vestlund and his co- workers commence a 
fascinating study concerning to the enhancement of the performance of FPC. They replace air with any other inert gas 
between the absorber plate and transparent cover. The benefit of using the gas in between the glass cover and absorber 
plate is reduced in the transfer rate of heat and also in moisture condensate. Other gases can also be used but inert gases 
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are more striking and demonstrate better performance. For example CO2 is an inexpensive gas and can be used in trim 
collectors but their performance was not so good. But the disadvantage of using the inert gases instead of air in the design 
will be more complicated [14]. 
 
Lot of papers have been written for building heating in the very last few decades and many type of solar air heating 
systems exists. Here, solar flat plate collector is designed for room heating. The present study is aimed to analyze the most 
important contributions of FPC to investigate the heat transfer enhancement techniques for room heating. At present time, 
there is no well-known record of intended FPC which acts as air heating system to heat the room. The design model is easy 
to process low cost and control system for temperature maintaining. Therefore, the primary inspiration in this research is 
to formulate a first foray into this territory. 
 
2. EXPEREMENTAL	WORK	
	
The solar air heating system was designed by using easily accessible materials in the market during the year of 2019. The 
designed solar air heating system is very easy to construct to heat the room. The solar air heating system consists of FPC, 
battery, solar cell, warm air collecting fan, exhaust fan and thermometers.  Figure 1 shows the block diagram of the system. 
 

 
Fig.1. Block	diagram	of	solar	air	heating	system	

 
The system is designed in such a way that the sun radiations can easily trap and increase the temperature of air. The room 
used for heating purpose was south faced with dimensions of 1000 ft3 (10ft x10ftx 10ft) named as system room.  Another 
same dimension room was considered as reference room. To compare the temperature of both system and reference 
room, two set of experimental data was obtained.  Figure 2 shows the schematic diagram of the system.  
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Fig.2. Schematic	diagram	of	solar	air	heating	system 

 
 
2.1. Manufacturing	of	FPC		
	
FPC gathers the sun’s energy, transforms its radiations into heat and subsequently transfers into fluid.  To increase the 
temperature of the room two FPCs were made, which consist of glazing, absorbing plate, fluid (air), and insulating 
materials. The absorbing plate of collector was painted with a wavelength selective black color which increases the 
absorption of sun radiation spectrum of ultra-violet and at the same time it decreases heat losses in the infrared spectrum. 
Absorbing plate has two headers and five risers. Styrofoam was also fixed behind the absorber to control heat losing and 
then sealed the glass (glazing) by silicone and metal screws. The glazing allowed the radiations to transmit from it and 
enters in the collector. As compare to plastic, low-cost glass is preferred to cover the material because it has low 
transmittance to infrared radiation and stability and high transmittance to visible light. To avoid heat losses due to 
convection and conduction double glazing was used in the experiment. By controlling these heat losses, fluid can absorb 
more thermal energy which increases the efficiency of FPC. Wood, saw dust and foam was used as insulating materials in 
FPC. Flat plate collector was mounted on the terrace of the system room. Parameters of FPC are given in table 1.  
 

Table	1.	Parameters	of	flat	plate	collector	

Length of FPC  45.5 inches 

Width of FPC  26.5 inches 

Diameter of header  1.25 inches 

Diameter of riser  0.75 inches 

Distance between Plates  9 inches 

Distance between inlet and exhaust  10.2 inches 

Distance between outlet and exhaust  48 inches 

Number of headers  2 

Number of riser  5 

Distance between two riser  5 inches 

Distance between header  48 inches 

Distance between edge and riser  2 inches 

Distance between edge and header                 2.5 inches 
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Later on the connection of both collectors were connected with each other and then placed on the stand. Stand is placed at 
an appropriate angle with floor as shown in Fig.3. 
 

 
Fig.3.Experimental	setup	of	FPC	

 
2.2. Air	Circulation	System	
	
For proper warm air circulation, inlet and outlet pipes from FPC are entered inside the system room. Inlet of the room is 
the outlet of FPC and outlet of the room is the inlet of FPC and vice versa. An exhaust fan was installed on inlet pipe of FPC 
which takes the air from the room. This air is then passed through FPC and the heated air is entered back to the room 
through the outlet pipe as shown in the Fig.4.   
 

 
Fig.4.	Heating	system	in	room,	on	left	warm	air	entering	into	room	from	collector	while	on	right	cold	air	exhausts	from	room	

entering	into	collector. 
 
Solar panel has been used in the system to run the fans. Solar panel absorbs the energy from sun and converts this energy 
into electrical energy. Solar plate was mounted on the roof of the system room.  A charge controller was used to control the 
overcharging of battery. Five thermometers were used in this experiment, first one is placed at inlet pipe, 2nd one is at out 
let pipe, 3rd one is placed in system room, 4thone is placed in reference room and last one is used to measure the ambient 
temperature. 
	
3. RESULTS	AND	DISCUSSION	

	
This study shows the results at different times of solar air heating system and also shows the comparison between the 
same dimensions reference room with system room. The graphs show the temperature variations after every 30 minutes 
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of exhaust fan, warm air collector fan, system room, reference room, and ambient air during daylight for the months of 
March, April and May 2019 as shown in Fig. 5, Fig.6 and Fig.7 respectively. The data was taken between 8:00 am to 6:00 
pm. In the start of the day about 8:00am there was minor difference (about 1-2℃) between system room temperature and 
reference room temperature. The temperature values of air inside the FPC gradually increases from 8:30am till 2:00pm 
and remains constant at about 3:00pm and then decrease slowly. It is mainly due to the blowing of air of the atmosphere.  
At about 6:00pm temperature remains almost same as of the temperature of the start of the day. In sunshine hours the 
variations in temperature is due to the incessant in sun radiations during the morning until it attains its peak values at 
midday and after this starts to decline till the end of the day. The graphs clearly indicate that the temperature difference 
between system room and reference room was about 12oC which show the system performance. Warm air maximum 
temperature (at about 2:00pm) of FPC reaches to 50℃, 52℃ and 59℃ in clear (sunny) days in the months of March, April 
and May respectively. In FPC, plate absorbs the sun radiations and then transfers this energy in to the working fluid 
(air).Thus the temperature of working fluid (air) in FPC is directly proportional to the incident sun radiations. The 
temperature variations in the cloudy or rainy days are expected due to the existence of dust accumulation and shadows of 
the clouds. However the rainfall and cloudy day rate of Quetta is very low.	
 

 
Fig.5. Results	for	the	month	of	March 

 

 
Fig.6.Results	for	the	month	of	the	April 
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Fig.7. Results	for	the	month	of	May	

 
4. CONCLUSIONS	

	
Theoretical and experimental studies were performed to assess the thermal performance of solar air heating system to 
heat the room by featuring the perforating absorbing flat plate collector under the weather conditions of Quetta. This 
experiment results clearly shows that for heating purpose of room the use of this type of collector is possible in winter 
conditions.  The variations in the temperatures of system room and reference room was about 12℃  and the fluid inside 
the FPC reaches the maximum value of about 59℃ which shows its good performance. Moreover, the FPC is capable to 
meet our heating demands during cold months. The benefits of using FPC are that it is cost effective and easy to install near 
to the wall of the rooms.  
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	 Pollution	is	a	challenge	globally.	This	is	part	of	what	the	17	Sustainable	Development	Goals	set	
by	 the	UN	 are	meant	 to	 tackle.	 Good	Health	 and	Well‐being,	 Clean	Water	 and	 Sanitation,	
Affordable	and	Clean	Energy,	Sustainable	Cities	and	Communities,	Climate	Action,	Life	Below	
Water,	and	Life	on	Land	(Goals	3,	6,	7,	11,	13,	14,	and	15	respectively)	are	greatly	affected	by	
environmental	pollution.	To	achieve	 these	 targets,	men,	women,	and	children	are	needed	as	
stakeholders.	 For	 the	 purpose	 of	 this	 paper,	 the	 roles	 women	 should	 play	 in	 developing	
countries	 are	 discussed.	 Although	 women	 have	 actively	 involved	 in	 pollution	 reduction	 or	
elimination	in	developing	countries,	their	roles	have	been	limited	due	to	several	factors.	In	this	
paper	 the	 questions:	What	 is	 the	 specificity	 of	women	 in	 environmental	 pollution?	 In	what	
sense	does	it	bring	solutions	to	environmental	pollution?	To	achieve	this,	the	objectives	of	the	
present	review	are	to	systematize	and	explore	 in‐depth	the	causes	of	pollution	 in	developing	
countries	 and	 the	 roles	 to	 be	 played	 by	women	 in	 solving	 or	 reducing	 the	 environmental	
problems.	

Keywords	
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health effects 
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World Bank Group 

	
1. INTRODUCTION	
 
Pollution is a challenge for the developing countries. The World Bank Group (2018) gave the report that about 9 (16%) 
million premature deaths in 2015 of all deaths worldwide were caused by air, land, and water pollution. Of this, about 92% 
of all pollution-related mortality is in developing countries. The air pollution alone costs the global economy US$5.7 
trillion—4.4 percent of global GDP (The World Bank Group, 2018). To partake in this menace, The World Bank has been 
providing the technical assistance needed for countries affected by pollution problem by providing technical assistance 
through raising awareness about the detrimental impact on global health, facilitating knowledge generation and sharing, 
and pollution management. The Pollution Management and Environmental Health (PMEH) program of the World Bank 
intends to end poverty, improve global health, and boosting shared prosperity by reducing pollution. 
 
There is no gainsaying that environmental problem such as ozone depletion, destruction of biological resources and of 
forests, the impact of desertification, dumping of hazardous wastes, and climate change have given the awareness that the 
environment is in danger. Peoples and governments throughout the world over have taken bold steps to reduce or 
eliminate this problem (Wuyep et al., 2014). For these efforts to be effective, it is paramount to involve women who are 
part of the contributors to the environmental pollutions to contribute their roles in this herculean task. 
 
Past years in developing countries, especially in Africa, women were relegated to the background. They play the second 
fiddle to men. It was believed that their roles were in the kitchen. Recently, there was increased attention to the roles they 
play as homebuilders, economic providers and their role in reproduction in the communities and different countries of the 
world (Chelala, 2011). Their roles have surpassed these, they are now needed in the solving or reduction of environmental 
problems. Women’s involvement in the formulation, planning, and execution of environmental policies is slow, despite the 
increase in national and international recognition that without their full participation, there may not be a possibility of 
progressing consistently and constantly in environmental sustainability. 
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Women are more prone to sickness, disease or death from agro-chemicals poisoning than their male counterparts because 
of their involvements in agriculture. The direct contact of women to environmental hazards makes them more susceptible 
to abortion and foetal damage (Adesoji, 2001). As the overseer of the homes, they are more prone to health problems due 
to poor sanitation, air and water-related diseases which may be transferred to children and husbands (Egaga and 
Aderibigbe, 2015). 
 
According to The Global Development Research Center (GDRC) (2018), policymakers and governments began to create the 
awareness as far back as the ’80 of the relationship between the environment and gender issues and pronounced changes 
began to happen with regards to natural resource and environmental issues. Women play an essential role in the 
management of natural resources, including soil, water, forests and energy... and often have a profound traditional and 
contemporary knowledge of the natural world around them (Tesfamichael, 2015). In the developing countries, women are 
victims of the environmental pollution, they form 50% of the population. This made them be an important human resource 
to combat environmental pollution (Devi, 1994). 
 
The Millennium Development Goals (MDGs), with its measurable targets, ended in 2015. It was observed that much was 
not achieved, especially in the poor countries (MGDFund, 2018). On this note, the 17 Sustainable Development Goals 
(SDGs) was built on the eight MDGs, which are supposed to eradicate extreme poverty and hunger; achieve universal 
primary education; promote gender equality and empower women; reduce child mortality; improve maternal health; 
combat HIV/AIDS, malaria and other diseases; ensure environmental sustainability; and to develop a global partnership 
for development (United Nations, 2018). To achieve the Sustainable Development Agenda by 2030 women should be 
mobilized. 
 
What is the specificity of women in environmental pollution? In what sense does it bring solutions to environmental 
pollution? The main objective of the present review is to systematize and explore in-depth the causes of pollution in 
developing countries and the roles to be played by women in solving or reducing the environmental problems. 
 
1.1.	What	is	pollution?	
 
This term is the contamination (unconcerned and uncontrolled) of limited environmental resources present for the safe 
survival of animals and humans. Its detrimental effects on lives and the planet may not be completely reversible. In a 
nutshell, it can be termed as contamination of the natural environment with pollutants hazardous to human and animal 
health (Abulude et al., 2017a). There should be an urgent attention to curtail and minimize it for a better healthy living and 
to prevent endangering lives within the environment. In all countries of the world, pollution is on the increase due to rise 
in human activities from their involvement in technology and increased population. The contributions of non-
anthropogenic and anthropogenic activities are the factors to never-ending pollution of all sorts.  
 
2. TYPES	OF	POLLUTION	
 
Globally, pollution is a significant problem facing the environment. Day by day out, the more the world's population the 
more the increase in potentially toxic substances that are released into the ecosystem (Lake, 2017). Different types of 
pollutants come from a number of sources. The knowledge of the different types of pollution and sources can assist in the 
understanding of the potential effect of these pollutants on the health of man and animals, and that of the planet (Lake, 
2017).  
 
The sources of pollution are numerous. Examples are enumerated in this review. 
 
 
2.1.		Air	pollution	
 
One of the major contributors of pollution to the environment is air pollution. The phenomenon is the contamination of 
natural air with dangerous gases. Automobiles, industries, and natural disasters like volcanoes are culprits which release 
gases like carbon monoxide (CO), carbon dioxide (CO2), sulfur dioxide (SO2), methane (CH4) and other harmful into the air 
(Abulude et al., 2018). Dust is a particulate present in the air. This is harmful, especially to the respiratory system (Berg, 
2017). Materials near industries are at the receiving end of dust particles. The sources of air pollution are from the burning 
of fossil fuels, vehicles (Fig 1), and factory emissions.  The burning of fossil fuels contributes to the formation of smog, a 
dense layer of particulate matter that hangs like a cloud over many major cities and industrial zones. Air pollution 
contributes to respiratory problems (asthma, lung cancer, chronic bronchitis, and other lung ailments). NO2 and SO2 in the 
air, when coming in contact with water or precipitations, form acid rain, a lower (more acidic) pH than normal. Acid rain 
harms forests, species that live in water bodies, and degrades outdoor statues, monuments, and buildings (Berg, 2017; 
Abulude et al., 2018). 
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Fig	1. A	vehicle	emitting	pollution,	Source:	Study	Read	(2018)	

 
2.2.	Water	Pollution	
	
This is a scenario formed when the discharge of a large quantity of human, industrial wastes enters the rivers, ponds and 
sea water thereby making them contaminated. Thereafter, making the water harmful to drink and also endangering lives 
on the water (sea and marine) animals (Fig 2). 
 

 
Fig	2. A	polluted	water,	Source:	One	Water	(2015)	

 
A major source of water pollution is runoff from agricultural fields, industrial sites, or urban areas. Runoff disrupts the 
body's natural water balance. Fertilizer can cause algal blooms (an explosive growth of algae), choking out other plants 
and decreasing the amount of available oxygen necessary for the survival of other species (Berg, 2017). Raw sewage is 
another type of water pollutant. When sewage gets into the drinking water supply, serious stomach and digestive issues 
may result, including the spread of diseases such as typhoid or dysentery. A third source of water pollution is a trash. 
Improperly disposed of items, such as plastic bags, fishing line, and other materials may accumulate in the water and lead 
to the premature death of animals that get tangled within the garbage (Berg, 2017). 
	
2.3.	Land	pollution	
	
Excess dumping of toxic waste, chemical, or other wastes causes land pollution (Fig 3). Polluting the land by harmful 
chemicals (fertilizer, pesticide, insecticide, fungicide and so on) can lead to the entry of pollutants into the food chain. Also, 
carefree attitude of disposing of industrial wastes, defecating in the open spaces cause pollution, which eventually leads to 
health problems like malnutrition as pollutants pass through plants to humans and animals. Other sources of soil pollution 
include asbestos, lead, and PCBs (Berg, 2017).  
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Fig	3: A	land	polluted	with	waste	dump,	Source:	Study	Read	(2018)	

	
2.4.	Sound	pollution	
 
Sound pollution (Noise) is a disturbance of the cool or silent environment with too much noise. Sources include vehicular 
sounds, the load speakers used for fun or public speeches, temples, mosques, churches, advertisement, sirens, and so on 
(Fig 4). This pollution has a severe impact on sick, the old people, small children (Berg, 2017). Noise pollution typically 
refers to human-made noises that are either very loud or disruptive in manner. This type of pollution has been shown to 
impact the movement of sea mammals, such as dolphins and whales and also impacts the nesting success of birds. 
 

 
Fig	4: Sound	Pollution	caused	by	loudspeakers,	pedestrians,	and	buses,	Source:	Chatterjee,	(2017) 

2.5	Dust	pollution	
 
This is a pollution wherein the contamination is due to dust particles in the air. Vehicular movements release dust in the 
environment, also the industrial, farming, mining, and pollination activities end up in the release of dust into the air (Fig 5). 
The dusty airs are transported several kilometers from the sources to other parts of the location. Meteorological 
parameters have significant effects on the dust pollution. Contamination of the by dust translates into health problems 
(breathing difficulty leading to infections, congestion of breath). 
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Fig	5: Dust	pollution	caused	by	plowing	of	the	farm,	Source:	Kiama	Municipal	Council	(2017)	

	
2.6	Radiation	pollution	
	
This is a scenario due to abnormal radiation in the environment caused by the use of radioactive elements from the 
surrounding areas, especially near atomic energy stations.  Batteries, wireless internet, and mobile towers are the culprit 
for the release of radiation into the environment (Fig 6). Excess radiation in the air has a serious health effect on lives, 
even the pollution has caused the extinction of birds, bees and other insects from their natural habitat. 
 

 
Fig	6: A	phone	releasing	radiation	into	the	environment	

	
2.7	Thermal	pollution	
 
When there is excess heat released into the environ, the temperature of the surroundings increases drastically, which 
eventually leads to thermal burn, draught, and reduction of oxygen in rivers, streams, and oceans this makes the water and 
marine animals to struggle for their survival. Thermal power plants and industries involved in metal molding are the cause 
of thermal pollution (Study Read, 2018). According to HelpSaveNature (2018), deposition of warm water from industries 
into natural water bodies causes thermal pollution (Fig 7). This not only disturbs the aquatic life but also reduces the 
quality of water. 
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Fig	7: Deposition of warm water from industries into natural water bodies causing thermal pollution, Source: 

HelpSaveNature (2018) 
 
2.8	Light	pollution	
	
This pollution is the large quantity of light produced in most peri-urban, urban, and other heavily-populated 
areas (Fig 8). It prevents people from observing the features of the night sky and has effects on the activities 
(reduction of migration patterns) birds and those of nocturnal animals (Berg, 2017) At night, light pollution 
affects the drivers by causing distractions for them. It is believed that light pollution is one of the causes of 
obesity, insomnia and other health issues. 
 

 
 

Fig	8: Urban	area	with	large	quantity	of	light,	Source:	Mirana	(2012).	
 
2.9	Plastic	pollution	
	
This is the compilation of plastic products in the environment, land, waterways, and oceans, which adversely endangers 
wildlife, wildlife habitat, or humans. This pollutant is categorized into micro-, meso-, or macro debris, based on size 
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(Hammer et al., 2012). The inability of plastic and polyethylene to decompose for many years add up to pollution. Plastic 
pollution is one of the contributors to air, water, and soil pollution (Fig 9). Humans are also affected by plastic pollution, 
such as through disruption of various hormonal mechanisms. Even animals which graze this plastic die due to problems in 
the intestine. 
 

 
Fig	9: Plastic	polluted	environment	

 
3.	POLLUTANTS	
 
A pollutant is a material or energy which enters the environment in the long run adversely affects the usefulness of a 
resource causing long- or short-term damage to plant or animal species, interfering with human amenities, comfort, health 
(cancer, birth defects, other serious health problems), property values, adverse environmental and ecological effects. 
Pollutants are the substances which pollute or contaminate the environment (Kapoor, 2011). Pollutants are divided into 
gaseous (H2S, CO2, NOx, CO, SOx, CFCs), liquid (chemicals, oil and petroleum, human and animal wastes) and solid (metals, 
plastics etc) - (biodegradable and non-biodegradable) (Gsenviro (2015). 
 
3.1.	The	six	criteria	pollutants	
 
Criteria pollutants are the only six air pollutants (PM, O3, CO2, NOx, CO, SOx) with the National Ambient Air Quality 
Standards (NAAQS) that depict standard limits of these substances in ambient air (Idaho.gov, 2018). They are identified by 
The Clean Air Act (CAA) of 1970. The criteria pollutants are problematic in the sense that they have health (lung disease, 
respiratory damage, or premature death) and environmental (acid rain, radiation, and ozone depletion) effects and 
property damage (Idaho.gov, 2018). It is expected that the six pollutants should be reviewed periodically and the 
standards should not be exceeded more than once in a calendar year. 
 
3.1.1.	Particulate	matter	(PM)	
 
The PM is an inhalable and respirable particle which is composed of sulphate, nitrates, ammonia, sodium chloride, black 
carbon, mineral dust, and water. There are large particles that can be seen as soot or smoke, while others can only be 
detected with the use of a microscope. Particles classified by their 'aerodynamic diameter' (PM10, PM2.5, and PM0.1) pose 
the greatest risks to health, as they are capable of penetrating peoples’ lungs and entering their bloodstream (Abulude et 
al., 2017b). They are also classified according to their chemical composition. The toxicity of PM depends on their size and 
chemical composition. PM sources from human activities like combustion engines (both diesel and petrol), solid-fuel (coal, 
lignite, heavy oil and biomass) combustion for energy production in households and industry, as well as other industrial 
activities (building, mining, manufacture of cement, ceramic and bricks, and smelting). Some particles are emitted 
naturally. The sources are bushfires, dust storms, pollens and sea spray. 
 
Australian Government (2005), researchers have linked exposure of particle pollution to a number of health problems, 
including respiratory illnesses (such as asthma and bronchitis), cancer and cardiovascular disease, which are pronounced 
in vulnerable groups, like the very young and the elderly. PM is the major cause of reduced visibility. This can be a serious 
safety issue on roads and in traffic tunnels and can also affect our enjoyment of the natural landscape. 
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3.1.2.	Black	Carbon	(BC)	
 
One climate pollutant is Black carbon. It is a major component of PM2.5. BC is one of the largest contributors to global 
warming. It is also known to decrease agricultural yields and accelerate glacier melting. BC soot is a pollution arising from 
the burning of wood and other plant material, and industrial exhausts. The burning leads to the spread of fine carbon soot 
into the air (Study Read, 2018), causing irritation to the respiratory system to those who inhale the contaminated air and 
also darkening the skies thereby reducing vision on the roads (Study Read, 2018). 
 
3.1.3.	Nitrogen	dioxide	(NO2)	
 
Nitrogen dioxide is a gas that smells nasty. Nitrogen dioxide, mainly emitted by power generation, industrial and traffic 
sources, is an important constituent of particulate matter and ozone (WHO, 2018). It is the symptoms of bronchitis and 
asthma, lead to respiratory infections and lung function reduction, growth. Also, it may be responsible for a large disease 
burden, with exposure linked to premature mortality and morbidity from cardiovascular and respiratory diseases (WHO, 
2018). NO2 is an important air pollutant simply because it adds to the formation of photochemical smog, which can have 
significant impacts on human health, causing wheezing, coughing, colds, flu and bronchitis (Australian Government, 2005).  
 
3.1.4.	Ozone	(O3)	
	
One of the major components of photochemical smog is O3. It is not directly emitted like BC it has a health problem which 
includes breathing, asthma, reduced lung function and respiratory diseases (WHO, 2018). Chest pains can also occur in 
some people (Australian Government, 2005). O3 is formed when CO, CH4, or VOCs are oxidized in the presence of NOx and 
sunlight. In addition to their role as ozone precursors, CO, VOCs, and NOx are dangerous air pollutants themselves. Sources 
of NOx, CH4, and VOCs are from motor vehicle exhaust, industrial facilities, chemical solvents, waste, the fossil fuel and 
agricultural activities. Apart from O3 health impacts, tropospheric ozone is a short-lived climate pollutant and one of the 
most important greenhouse gases (WHO, 2018). 
 
3.1.5.	Sulphur	dioxide	(SO2)	
	
Sulphur dioxide is a gas, which is primarily produced by the burning of fossil fuels (coal and oil) and the smelting of 
mineral ores that contain sulphur. Exposure to SO2 affects the respiratory system and the function of the lungs and causes 
irritation of the eyes. Inflammation of the respiratory tract from SO2 can aggravate asthma and chronic bronchitis, as well 
as increases the risk of infection, leading to increased hospital admissions and visits to emergency rooms. SO2 also 
combines with water in the air to form a sulphuric acid - the main component of acid rain (WHO, 2018). 
 
The main source of SO2 in the air is the generation of electricity from coal, oil or gas that contains sulfur, the processing of 
mineral ores in which sulfur dioxide is released and burning fossil fuels. Sulphur dioxide is also present in motor vehicle 
emissions (Australian Government, 2005). Those most at risk of developing problems if they are exposed to sulphur 
dioxide are people with asthma or similar conditions (Australian Government, 2005). 
 
3.1.6.	Carbon	monoxide	(CO)	
	
Carbon monoxide is a colorless and odorless gas, which at high levels can be harmful to humans by impairing the amount 
of oxygen transported in the bloodstream to critical organs. Although high concentrations of CO are more of a concern 
indoors, emissions outdoors, particularly in developing countries can be high. New evidence also reveals that long-term 
exposure to low concentrations is also associated with a wide range of health effects. The main sources of ambient CO 
include motor vehicle exhaust and machinery that burn fossil fuels (WHO, 2018). 
The natural concentration of carbon monoxide in the air is around 0.2 parts per million (ppm), the amount is not harmful 
to humans. Natural sources of carbon monoxide include volcanoes and bush fires, industrial activities, tobacco smoke. 
 
4.	ROLES	OF	WOMEN	GLOBALLY	
	
No doubt globally, women play important roles in homes and outside. They play motherhood roles and because they are 
close to nature, they are involved in the socio-cultural activities to sustain life (Agüera-Cabo, 2010). They take care of the 
house and surroundings (Devi, 1994). Worldwide, there is an increase in the awareness of the necessity of using women to 
contribute to the reduction of environmental problems, as well as working on the activities towards the sustainability and 
development of their communities. The results of a world survey conducted and by the United Nations Environment 
Program on public attitudes on the environment revealed that women are more prone to a lower standard of living than 
men this means that they are more prone to health risks (Chelala, 2011). The adopted 2030 Agenda (MDGs/SDGs) of the 
General Assembly showed that much is expected in eradicating or reducing atmospheric problem worldwide. Also, the Rio 
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declaration on general rights and obligations says ‘that women have a vital role in environmental management and 
development’ (Rio, 1992). This shows that women have a significant role to play in environmental protection.  
 
Few successes have been noticed by women in reducing environmental problems world over (Wuyep et al., 2014). 
According to (Wuyep et al., 2014), women in Jos, Nigeria engage in the drainage and waste disposal. In India, women have 
been involved in the creation of awareness on environmental pollution, they have also involved in the national policy on 
how to eradicate pollution. A scenario is a legal case (Krishna Gopal Vs. State of Madhya Pradesh) where one Mrs. Sarla 
Tripathi took a factory to court on the ground that the factory was polluting their community with smoke, ash, ground 
vibration, and noise (Krishna Gopal, 1986). Also in India, women have been the major conservers of agro/bio-diversity 
(Adiyat, 2016). In Myanmar, women are known to be rehabilitators, managers and innovators of the natural environment 
(Aye, 2018). In Ethiopia, it was claimed that women understand the art of sustainable consumption patterns more than 
men, this has made them use more of environment-friendly and organic food and eco-labeled products (OECD, 2008; 
Bayeh, 2016). Women in Eritrea are useful in the area of reducing land degradation, and desertification as well as soil 
conservation and water harvesting, they are the principal drivers and actors of communal work, especially in the area of 
building modified stove which assists in the provision of cleaner air (Tesfamichael, 2015). Lawyers in Kenya (The 
Federation of Women Lawyers in Kenya (FIDA) are now providing free legal support to women on to assist them to fight 
for their land rights, especially in the area of land degradation (Irish Aid Key Sheet, 2018). Also in Ethiopia, women have 
been empowered by issuing them land certificates which gives them the rights to own their lands by this, they will try as 
much as possible not to lose these lands to environmental pollution (Irish Aid Key Sheet, 2018b).  
 
Women and their little one's children are most prone to environmental disasters, vulnerable to reproductive and sexual 
health problems, and whenever they lose their breadwinners (husbands) they are made to take care of their families and 
even compel to struggle for recognition in patriarchal systems (DCI (2005). On many occasions, women are the principal 
drivers and actors of communal work. They are directly affected by the impact of environmental pollution. For these 
reasons, the roles of women to reduce or fix pollution should include the followings:  
 
4.1.	Roles	of	Women	in	Developing	Countries	
4.1.1.	Illegal	mining	
	
No doubt women have played active roles in mining in developing countries. In Africa, it was documented by Hinton et al. 
(2003) that women have direct involvement in mining activities ranging from 40-50%. Gueye, (2001) noted that over 90% 
of women in Burkina Faso are involved in mineral processing women, while Mali, Tanzania, and Sudan had 50%, 70%, and 
35% respectively. The majority of the women are involved in ancillary roles like cooks, service provider, and sales of 
liquor. Nowadays, there are many illegal mining locations throughout the developing countries. On this premise, there is 
an increase in pollution of the environment. To reduce the effect, women should not be left out. Since there is an illegal 
mining site, definitely, there will be little or no report on the toxic mining waste, then the public will always be in the dark. 
Women should utilize the power and efforts to fight for greener mining and enforcement of regulations. Illegal miners 
should be educated about the approach to mining activities within the country. They should be informed of the potential 
hazards in the shady deals. 
 
4.1.2.	Reduce	noise	levels	
	
Noise pollution throughout the world is bad and unhealthy for the body. Developing countries are the major culprits of 
this. Most inhabitants put up, carefree attitudes in handling the noise levels. Evidence have shown strong correlations 
between environmental noise and elevated risks of high blood pressure, headache, children's growth and learning 
development, the risk of depression, anxiety and insomnia (Huss et al., 2010; Stansfield, 2016). Women with their roles in 
the community should contribute their quota to cutting back noise pollution. They should try to enlighten their household, 
colleagues, and others the difficulties regarding noisy situations. In homes and workplaces, soundproof the rooms with a 
less expensive option of covering the walls with carpets and other covers (mineral wool, blankets, acoustic foam panels, 
bookcases filled with books) which soften and absorb sound (Houzz, 2013). In the event of noise in the surrounding, 
women and others should wear ear protection devices. When noisy items like blenders are used they should be padded. All 
electronic gadgets should be turned off when not in use even television and radio should be operated in low volumes, and 
noise from workplaces should be reduced. All mechanical engines should have good silencers. All damaged ones should be 
fixed immediately. In a situation where vehicles are modified to be louder, the owners should be informed of the problem, 
if they refuse to reduce their noise, they should be reported to the law enforcement agents. Women are advised to move to 
a quiet spot that is as free of sound as possible before one is back the emotional balance would have been restored. The 
use of earplugs and noise-canceling headphones will assist where necessary. Finally, in communities, neighbors can agree 
to limit the noise levels or use speakers, lawn mowers, horns and other noisy motors during certain hours, for the benefit 
of the whole neighborhood. 
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4.1.3.	Avoid	the	use	biomass	burning		
	
Women do most of the cooking in developing countries. They use or rely on solid biomass fuels for their cooking. 
According to Bond et al., (2007), the method used contributes to 50% anthropogenic and 25% global emissions of BC. Also, 
about 1.6 million deaths have been estimated by WHO due to inhalation of smoke due to biomass fuel (WHO, 2002). 
 
4.1.4.	Reduction	of	plastics	and	cellophane	bags	
	
Plastics and cellophane bags are commonly used in developing countries. These find their way into homes and offices 
unknowingly through the wrapped items purchased from the local markets or supermarkets. To reduce the influx of these 
into homes, efforts should be geared towards using a reusable version like paper, bottles, and the rest. Women should opt 
for natural exfoliants (oatmeal or salt), instead of buying items enclosed in plastics. All plastic containers should not be 
disposed off, they should be gathered and submitted to the waste disposal board for onward recycling. Or in the 
alternative, the containers could be sent to the manufacturers of the products for recycling or reuse. Another option for 
women to reduce their plastic containers is to buy in bulk (Engler, 2016). Buying in one big container is better than 
multiple containers over time. Efforts should be made in preparing and storing foods and beverages using non-plastic 
utensils, pans, containers, and covers (including wrap materials) whenever possible (Nnaji, 2018). Goods and foods should 
be purchased with minimum package instead of cellophane bags and plastics they can be stored in glass, papers and other 
stainless steel materials. In many developing countries laws on plastic pollution have been enacted in this case, what 
women need to do is to support the enforcement and the workability of the laws. Part of support, women can give is to 
mount pressure on manufacturers by joining in the campaign. This can be done by making the voices heard in terms of 
packaging using the social media (Engler, 2016).  
 
4.1.5.	Choose	environmentally	friendly	cleaners.	
	
In an African set-up, most of our roads are unpaved and surroundings are not cemented for this reasons sand, dust and 
dirt abound everywhere. To get them cleaned, most of the women use brooms to do the sweeping or pushing dirt into a 
pile and cleaning. In the course of doing this, dust is blown or released which can be transported afar by the wind within 
the vicinity. The health problem arising from the inhalation of the dust could be severe. For a woman to make the 
environment clean, she should wet the ground or surface of the area with water, which makes the dust entrapped on the 
floor or using a vacuum cleaner. Again, when making a purchase of any product, before paying, the environmental health 
scoring rate (Green is good. Red is bad) should be checked. Red color depicts the potential environmental problem or 
danger. In addition, energy should be conserved by electrical gadgets when not in use and equally participate in utility 
energy conservation programs. Regular routine maintenance of automobiles such as changing the oil and filters, and 
checking tire pressure and wheel alignment will assist in making the environment-friendly. 
 
4.1.6.	A	Good	farm	practice	
	
It is of note that women in the developing countries have more contact with the environment because they are heavily 
involved in their agricultural activities. Women are main actors when managing their natural surroundings and use 
different methods to deal with the kinds of environmental situations they might face. According to the World Bank (1991), 
women play an essential role in the management of natural resources, including soil, water, forest, and energy. In order to 
discharge their duties well in good farm practices, women should be well trained in the handling and the use of chemicals, 
the use of traditional pesticides, insecticides, and fertilizers can also be used as supplements. The disposals of the 
containers should be with care and they must duly follow manufacturers’ specifications and safety gadgets should be 
properly used before and after their exercises. If women in the cause of their work on the farms and they notice usual 
happenings as per environmental problems, they should immediately notify environmental experts, government officials, 
and the traditional rulers who should immediately take appropriate steps. In order to avoid agricultural pollution, women 
should try as much as possible to use Integrated Pest Management. Organic fertilizers and wastes (agricultural and 
household) instead of manufactured ones which combine with air to form solid particles in the air (AGU 100, 2016). 
Women farmers should imbibe conservation practices by planting cover crops to help stop soil erosion, zero-tillage, use 
crop and pasture rotation methods, improve wildlife habitats and maintain agricultural productivity, ensure water 
cleanliness for livestock and others. Also, women should always use, preservation methods which will assist them to keep 
things the way they are, to keep them for future generations and also improve their quality (AnimaSmart.Org, 2018). 
Finally, women, farmers should use farm resources in moderations and even encourage their wards, husbands, and 
colleagues to do same. 
 
4.1.7.	Pipeline	damage	–	explosion	
	
When pipeline	explosions happen, gas will be released which results in flames. The crude oil will be released too into the 
surrounding waters. The outcome of these incidents may be serious injuries, the destruction	 of	 private	 property,	
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environmental	damage and many more. The world over, there were reported cases of pipeline damages resulting in 
many explosions and even death of animals and human (Bonner and Suhartono, 2006; Reuters, 2012; National	
Transportation	Safety	Board,	2014;	Niyi,	2016;	Daniel,	2016;	The Indian Express, 2017). The causes of these could be as a 
result of natural and man-made damages - natural	 disasters	 such	 as	 earthquakes,	 floods	 or	 fires,	 harsh	 environmental	
factors,	excavations,	vandalism,	even	terrorist	attacks (Lorusso, 2011). To prevent pipeline damages, efforts are in place to: 
put up safety issues like overhauling of pipes, pipeline safety programs, fine and jail pipeline vandals, constant monitoring 
of the pipeline areas – security and other professionals, fast response of the emergency crew to the scene of the problem, 
prevent excavation and digging, no farming or illegal activities near the pipelines (Osher, 2017). Additionally, the use of 
bulletproof and fireproof in the areas, barrier layers created, the conduct of emergency tests, the use of communication 
redundancy, and even battle ready for the potential threats (Lorusso, 2011). To prevent the environments from pollution 
through pipeline damage, women have many roles which include: immediate alert of security and monitoring team of 
vandalization of the pipelines, non-participation in the shady deals, women should discourage their family members in the 
involvement, they should be familiar with proper use of fire extinguishers, obey orders of government agents, avoiding the 
use of farm implements that can produce sparks in the vicinity, 
 
4.1.8.	Avoid	wastes	and	refuse	to	burn	
	
The burning of refuse or waste is illegal not only because it is a nuisance to people around, but may release harmful 
chemicals which are hazardous to man and animals’ health and the environment (EPA, 2009). Burning wastes in fires form 
toxic and dangerous by-products which may not be destroyed by the fire, but become airborne on soot particles (Citizens 
Information Board, 2016). The aftermath effect may be inhaled or washed out of the air and deposited into the soil and 
crops, where they can readily enter the food chain (Citizens Information Board, 2016). As women are the custodian of the 
home, they are to maintain a clean environment. Arrangements must be made for the collection and disposal of the 
household wastes or refuse by the waste collectors or operators who do this frequently (weekly). Women must provide 
waste bins (wheelie bins) or bin bags for easy collection and transportation. Composting of kitchen waste (biodegradable 
waste) is another method by which women can use to reduce the wastes generated in homes. Instead of burning the 
refuse, a hollow container (compost container) or small area of land can be dug and used for composting.  Other minor 
tools like a garden shovel or fork will be needed for turning and removing the compost. Composts are used as organic 
fertilizer. Although women may not be able to recycle their refuse or waste, they would be involved in the gathering, 
sorting and sending them to the factories for recycling. If women are able to do this, it means they have saved the 
environment and living things around from being endangered. Women should learn and be educated on recycling, 
minimizing, preventing, and re-use of wastes instead of endangering the environs through burning. Women can convert 
waste to wealth. In Kenya, it was reported that women turned wastes (plastics) into useful products (bags, hats, carpets, 
and others). These efforts have assisted in preventing short-lived climate pollutant emissions from the open burning of 
plastic (CCAC, 2018).  
 
4.1.9.	Women	environmentalists	
In spite of the progress so far on the reduction of environmental pollution globally, women environmentalists have in 
developing countries have not made much impact. To make women more proactive, the Network of Women Ministers of 
the Environment (NWME) has made frantic efforts in making practical recommendations to solve environmental problems 
confronting countries; collaborations between NGOs, intergovernmental agencies, and civil societies and forming 
leadership to influence international and national policies (UNEP, 2004). In 2011, the Nobel Peace Prize was awarded to 
three women whose roles were fighting for human rights, apart from this, another was given to Wangari Maathai, her 
efforts and others restored Kenya’s lost forest by planting over 30 million trees and also empowered women in 
environmental preservation methods (Chelala, 2011). In Nepal, Saraswoti Bhetwal has assisted indigenous women in the 
use of composts, drip irrigation, roof water harvesting, other strategies in reducing their environmental problems. Olga 
Speranskaya of Russia and her team in their community identified and eliminated the Soviet legacy of toxic chemicals in 
the environment with NGOs. In Honduras, the Emergency Committee Garifuna formed by women provided seed banks for 
food security, reduced erosion of coastal areas by planting fruit trees, reforestation, and assisted communities in relocating 
to low-risk areas communities from high-risk areas. While elsewhere in Bolivia, the Centro de Mujeres Candelaria and the 
team, led women ins grassroots groups to predict hazardous events in their ancestral practices and protect their farms and 
food (Chelala, 2011). Although women from different countries have shown tremendous concern and participation in 
reducing pollution, more is still expected of them because they are susceptible to several environmental threats. They 
should be empowered to get involved in the development of and participation in environmental pollution programs and 
policies. 
 
4.1.10.	Planting	of	trees	
Trees are noted to have 22 benefits which include conservation of energy, prevent pollution (air, soil, food, water), 
medical, and financial benefits (TreePeople, 2018). In considering the type of flora to plant, they must have the ability	to	
absorb	CO2	in a life cycle of 30 years, filter air pollutants, its ability to transform into biomass and to	attach	chemicals	
such	as	benzene,	nitrogen	oxide, dioxin and many others (Bressa, 2016). Again, trees that have the ability of to produce 
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volatile organic compounds (VOC), which can increase the concentration of ozone in the environment of small populated 
areas, should not be many (Bressa, 2016). In big cities, the following trees can be considered for planting: Elm (Ulmus	
minor), Common ash (Fraxinus	 excelsior), Wild linden (Tilia	 cordata), Norway maple (Acer	 platanoides), Turkey oak 
(Quercus	cerris), Ginkgo (Ginkgo	biloba), and Broad-leaved linden (Tilia	platyphyllos). Shrubs, an herb garden, houseplants, 
vegetable crops, decorative flowers, can be considered for planting because they also reduce the amount of CO2 in the air, 
increase oxygen, and eliminate toxins (Stone, 2010). In Kenya, over 30 million trees were planted by women’s group 
(Chelala, 2011). Also in Lagos, Nigeria former state governor’s wife (Mrs. Fashola) encouraged women in tree planting by 
leading them in a tree planting campaign and environmental sanitation. Formation of women tree growers’ association in 
Ghana rural communities, assisted imbibing and nurturing tree planting culture (Tola-Iwajobi, 2013). To involve women in 
the control of pollution using trees and plants, they should be made to understand the issues and concerns of tree planting 
by sensitizing them on the need. Again, they should be involved in tree planting decision making and mobilize them to 
belong to different tree planting groups. Furthermore, women should be discouraged from the cutting of trees for their 
sustainability. Lastly, women should be involved in tree planting campaigns in order to create awareness.  
 
5.	CONCLUSION	
This paper discussed the roles women can play in fixing pollution, particularly in the developing countries. It looked at 
types of pollution (air, water, noise, thermal, and others), and the pollutants (PM, NOx, SOx, CO, and others). Women 
identified as home builders and good managers have a stake in fixing pollution as they are involved in their day to day 
activities. They are directly affected by the impact of environmental pollution. For these reasons, the roles of women in 
reducing or fixing pollution should include planting of trees, avoiding dumping and burning of refuse, good farm practice, 
the use of environmentally friendly cleaners, and others relevant roles. Finally, women environmentalist or movements 
should do more in the forcing the relevant government and environmental bodies to do the needful in the fixing of 
pollution.  
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