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Monetization of the environmental damage caused by fossil fuels
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Abstract
Fossil fuels account for more than 80% of the world’s energy consumption. Constituents of the atmosphere have changed
perceptibly due to the increased use of fossil fuels. Therefore, many researchers have tried to relate their effect on society. In
Pakistan, fossil fuel consumption and its CO2-based emission factor have been significantly correlated to economic growth.
However, it needs further attention to study the adverse effects of fossil fuels. This study is an attempt to assess the cost of fossil
fuels to society. Damages caused by fossil fuels are evaluated for the years of 2005–2009, using local pollution factors based on
CO2 emission. Results show that the market price of fossil fuels increases after adding up the cost of damage caused by the final
use of the fuel. People pay a huge amount of PKR 133 billion per year for taxes, health services, insurance premiums, and low
living standards. Accordingly, it is suggested that we must shift from fossil fuels to other alternative clean types of energy.
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Introduction

Energy plays a vital role in the economic growth of societies.
Today, most of the world’s energy needs are met by fossil
fuels. On a global scale, 80% of energy is created from fossil
fuels (World Bank 2006). TheWorld Energy Outlook (WEO)
2014 estimated that over the period following up to 2040, total
energy demand is expected to grow by almost 40%, while the
contribution of fossil fuels to the total amount of energy pro-
duced by various sources drops. However, fossil fuels remain
the dominant energy source, with petroleum, coal, and natural
gas, found to correspond to about one quarter of the world
energy requirements (Cronshaw 2015). At the same time,
though, fossil fuels are considered one of the main sources
of environmental pollution worldwide. Combustion, which
is related to the most serious environmental problems, is the
intended purpose of all fossil fuels, regardless of its result (i.e.,
heat, mechanical energy, or generation of electricity).

The composition of the atmosphere has changed signifi-
cantly in the current century on account of the increased use
of fossil fuels (Kampa and Castanas 2008).

Fossil fuels are mainly composed of carbon and hydrogen,
with a little amount of sulfur. Yet, in the process of refining,
lead and alcohols are also added. The ultimate use of fossil
fuels releases many elements (Bertine and Goldberg 1971),
compounds (COx, SOx, CH), soot, and other organic bulk into
the atmosphere, which finally cause environmental pollution
(Barbir et al. 1990).

The long-term exposure to these gases (CO, CO2,
NO2, and SO2) has devastating effects on human be-
ings, which are manifested as fatal lung and cardiovas-
cular diseases (Clark et al. 1989). Carbon monoxide and
carbon dioxide cause cellular anoxia, hyperventilation,
and asphyxia. Pulmonary edema can occur when the
amount of inhaled ozone increases. Similarly, nitrogen
and sulfur oxides cause pulmonary edema and even
death (Sher 1998).

According to the modeled ambient air pollution data for
2015, Lelieveld observed that the mean loss of life expectancy
(LLE) due to air pollution strongly exceeds that owing to
violence (all forms together), i.e., by an order of magnitude
(LLE is 2.9 and 0.3 years, respectively) (Lelieveld et al. 2020).

Sulfur and nitrogen oxides dissolve in clouds and in rain-
drops form sulfuric acid and nitric acid, which in turn cause
acid rain (Likens et al. 1979) and acid snow (Likens and
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Bormann 1974). The diluted carbonic acid has negligible acid-
ifying effects (Record et al. 1982). Acidic deposition in soil
andwater (Krug and Frink 1983) has adversely affected aquat-
ic and terrestrial ecosystems, afflicting people, animals, vege-
tation, cultural heritage, and historic ecosystems (Zhao and
Sun 1986).

Carbon dioxide, methane, nitrogen oxide, and chlorofluo-
rocarbons (CFC) are anthropogenic greenhouse gases (De
Klein et al. 2008), which cause global warming (Samimi and
Zarinabadi 2012). The temperature rise, melting glaciers, sea-
level rise, and a range of other impacts of climatic change,
such as droughts, floods, hurricanes, and forest fires, are the
consequences of global warming (Barnett et al. 2005;
Gustafson et al. 2020).

Removing subsidies on fossil fuels may help to mitigate
the effects of climate change by preventing inefficient ener-
gy use (Jewell et al. 2018). Globally, the fossil fuel subsidies
remained large at $4.7 trillion (6.3% of global GDP) in 2015
and are presented at $5.2 trillion (6.5% of GDP) in 2017.
The fossil fuel subsidies in Pakistan were US$ 18 billion in
2015. Undoubtedly, coal has the highest subsidy share
(44%), followed by oil (41%), natural gas (10%), and elec-
tric power (4%). The estimated cost of coal for global
warming was around US$ 4 GJ−1, and for Pakistan, it was
estimated at US$ 5 GJ−1 (Coady et al. 2019).

Ghauri et al. (2007) reported a concentration of PM10

around 200 μg/m3 in major cities of Pakistan. This value far
exceeds the World Health Organization (WHO) interim target
of 70 μg/m3 (Ghauri et al. 2007). The six major cities of
Quetta, Karachi, Rawalpindi, Lahore, Peshawar, and
Islamabad had been reported with a CO concentration of
around 8.1, 5.8, 4.6, 4.6, 3.5, and 3.5 μg/m3, respectively,
during the day time (Colbeck et al. 2010).

An analysis of data collected within a period of 4 years
(2007–2010) showed high concentration of fine particulate
matter (PM2.5) in Lahore (143 μg/m3), Peshawar (71 μg/
m3), Karachi (88 μg/m3), Islamabad (61 μg/m3), and Quetta
(49 μg/m3) (Sanchez-Triana et al. 2014).

The 4-year (2007–2010) time series analysis of sulfur dioxide
(SO2) showed that the city of Lahore, with a daily concentration
of 309 μg/m3, had an annual SO2 concentration of about 74 μg/
m3. The most populousmetropolitan areas, like Quetta, Karachi,
and Peshawar, were reported with SO2 concentration of around
54, 34, and 39 μg/m3, respectively. Generally, SO2 values were
elevated throughout the study period (2007–2010).

During the same period, the annual concentrations of nitro-
gen dioxide (NO2) in Peshawar, Islamabad, Lahore, and
Karachi were reported as 52, 49, 49, and 46 μg/m3, respec-
tively, which exceed the safety limit of WHO air-quality-
guideline value of 40 μg/m3. Quetta was found with a lower
concentration of 37 μg/m3. The concentrations of O3 and CO
were reported within the permissible limits of WHO (WHO
guideline values).

The strong correlation between PM2.5 and CO suggested
that road traffic was the main source of fine PM in Pakistan
(Sanchez-Triana et al. 2014).

The following approaches were used to estimate the ad-
verse effects of fossil fuels, depending on the nature of the
damage and the availability of the data:

(1) Estimate of direct damage proportionate to physical
effect

(2) Estimation of the cost of damage reduction, either as a
form of remedy, or as a prevention measure

In this study, the negative impact costs were assessed on an
annual basis in the PKR for the data available this year and
were normalized to the reference year (2009), using implicit
deflators. Next, the cost per unit of energy consumed (PKR/
GJ) was calculated for all fossil fuels. These additional costs
of fuel used were then included in the existing commercial
costs of fossil fuels. Thus, the real cost of fossil fuels (the price
paid by society) was estimated.

Estimate of damage

Fossil fuels have many detrimental environmental effects, but
in the present study, we have considered only the two negative
effects, i.e., impact on humans and agriculture.

Impact on humans

The impact of air pollution on humans is difficult to define,
since clinical diseases and mortality of exposed populations
have not been calculated in significant numbers. Some quali-
tatively defined adverse effects of environmental pollution
need to be quantified. Hence, there is a debate among the
environmentalists on the quantification of the adverse effects
on animals and plants (Lave and Seskin 1973). The majority
of the exposed population has less severe symptoms; conse-
quently, a specific laboratory is needed to quantify the results.
In addition, people respond differently to these effects, and
sometimes the severe effects cannot be diagnosed.

Pollutants, such as carbon monoxide, sulfur and nitrogen
oxides, hydrocarbons, and particulate matter cause lung can-
cer and even death (Seaton et al. 1995). The synergistic effects
between various primary pollutants and the secondary
pollutants they generate, such as ozone, acid mist and
acid rain, significantly increase these effects (Trasande
and Thurston 2005).

Medical research reveals a high level of premature mortal-
ity in polluted regions (Brunekreef and Holgate 2002). The
American Lung Association has reported 115 million
Americans who are exposed to dangerous levels of air pollu-
tion. Every year, 50,000 people die prematurely in North
America (Luoma 1988). The American Cancer Society
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(ACS) and the Chemical Industry Association (CMA) esti-
mate the contribution of pollution to total cancer mortality at
2% (Sanchez-Triana et al. 2014). In 1990, Barbir analyzed
environmental data in the USA for the period between 1960
and 1985 and reported that malignant neoplasms of the respi-
ratory and laryngeal organs cause chronic obstructive pulmo-
nary diseases, which results in high death rate.

Although the mortality among 100,000 people was report-
ed as 954.7 in 1960 and 873.9 in 1985, the death rate due to
the aforesaid diseases increased from 32.1 to 84.6 during that
period (from 1960 to 1985) (Barbir et al. 1990). It should be
noted, at this point, that innovations in medicine and tobacco
control have increased life expectancy. Therefore, a high mor-
tality rate was associated to air pollution. Considering that the
mortality rate in 1960 is the “normal mortality rate”, which
was 52.5 (84.6 to 32.1) deaths per 100,000 persons, the in-
crease in mortality, recorded in 1985 (125,000 deaths), was a
result of air pollution.

Zweig reported that the cost of human life is between
$300,000 and $500,000, which reflects an annual damage of
$50 billion to society (Zweig 1982). Premature death was
regarded as the most costly consequence of air pollution for
humans (Lelieveld et al. 2015). Medical expenses for fatal and
non-fatal respiratory diseases and for diseases related to eye
and skin irritation and to cancer were attributed to air pollution
(Schikowski and Hüls 2020). These expenses approximately
constitute 12% of the total amount (Awad and Veziroǧlu
1984), which is a cost of US$ 422.6 billion (Barbir et al.
1990). Private and public expenditure, health services, medi-
cal research, and infrastructure increase the damage to society
by an additional amount of US$ 50 billion per year.
Unrecorded illnesses and discomfort affecting labor efficiency
are undetectable negative effects of air pollution on humans,
as well. The reported value is a 2% decrease in labor produc-
tivity (Awad and Veziroǧlu 1984), which accounts for a US$
47.4 billion loss to the income of persons living on a salary
(Barbir et al. 1990). In the context of the aforementioned dis-
cussion, the total cost of human exposure in 1985 was esti-
mated approximately as US$ 147.4 billion.

The economic cost of air pollution to human health in
Pakistan is estimated at 94%, with 71% being linked to pre-
mature death and 23% related to morbidity (Muller and
Mendelsohn 2007). During 19 years of research (1992–
2010), PM2.5 and O3 were identified as the main causes of
financial hardship due to air pollution (Eklund et al. 2014;
World Health Organization 2006; Pope III et al. 2002).
Nevertheless, in South Asia and worldwide, PM2.5 has
been found more dangerous than O3 (OECD 2008;
UNAIDS 2006).

Kolbek, Zahir, and Zulfikar have declared PM as the main
pollutant and responsible for the financial distress, caused by
its negative impact on human health in Pakistan (Colbeck
et al. 2010). The PM2.5 concentration causes more than 9000

premature deaths annually, accounting for 20% of deaths
caused by Acute Lower Respiratory Tract Infection
(ALRTI) among children under five, 24% of cardiovascular
mortality, and 41% of deaths among people of 30 years of age
and above, suffering from respiratory tract malignant neo-
plasms in these cities.

In Karachi, approximately 12% of mortality was reported
among children under 5 years of age and 88% among adults
(Ostro 2004; Pope et al. 2009; Pope III et al. 2002). The
annual concentration of particulate matter was considered
the cause of 59% of chronic bronchitis in these cities. This
includes 185,000 cases of chronic bronchitis, almost 33,000
hospital admissions, more than 645,000 emergency room
visits, more than 1.6 million ALRI cases in children, and more
than 300 million respiratory symptoms (Abbey et al. 1995;
Ostro 1994).

Although the individual health impact ascribed to sources
of pollution is complex, a clear connection exists between air
pollution caused by fossil fuel combustion and health
(Jiménez et al. 2015). Coady et al. have estimated that reduc-
ing the level of subsidy for fossil fuels and imposing taxes on
them will slash premature deaths brought on by air pollution
by more than half (Coady et al. 2015).

In 2005, premature deaths, cardiovascular and pulmonary
diseases, and lower respiratory infection (LRI) in children
were attributed to adverse environmental effects estimated
around US$ 1.07 billion (World Bank 2008). During the same
year, more than 22,600 mortalities, including 80,000 children
under the age of five, were ascribed to air pollution (World
Bank 2008; World Health Organization 2006). More than
80,000 hospital admissions were registered in 2007, including
8000 cases of chronic bronchitis and 5 million cases of lower
respiratory diseases in children under 5 years of age (World
Health Organization 2009).

In 2007, the government of Punjab (in Pakistan) paid a total
of PKR 35 billion for 83%mortality and 17%morbidity cases
on account of polluted air. In 2009, the Sindh (Pakistan) gov-
ernment paid a total of PKR 53 billion for health effects due to
air pollution (Sanchez-Triana et al. 2014).

Impact on agriculture

Polluted air causes damage to plants, resulting in heavy crop
loss. Plants are directly affected by sulfur oxides, nitrogen
oxides, and ozone. Ozone concentration affects the economic
value of Pakistan’s most important crops. Crop growth has
been studied on three different plots in a controlled environ-
ment (charcoal-filtered air, unfiltered air, and chambered field
plots) (Wahid 2006). Seed yield reduction was reported, rang-
ing from 18 to 43% for three different wheat varieties.
Following the same methodology, Ahmed (2009) found a
greater loss for two types of mung beans (47–51%) (Ahmed

21206 Environ Sci Pollut Res  (2021) 28:21204–21211



2009). The financial cost of O3 damage to crops has been
estimated at US$ 550 million (Van Dingenen et al. 2009).

To date, no major energy source, either non-renewable or
renewable, has been abolished owing to economic or environ-
mental constraints (Chow et al. 2003; Shahbaz et al. 2012a, b).
Fossil fuels CO2 emission has been significantly correlated to
the economic growth of the global panel of 58 countries (Saidi
and Hammami 2015).

In Pakistan, a strong relationship has been reported be-
tween fossil fuel CO2 emissions, energy consumption, and
economic growth (Shahbaz et al. 2012a, b). Expenditure of
energy is rising almost everywhere; energy production and
consumption are increasing and have a significant impact on
the environment globally (Holdren 1991). The cost of these
effects is not included in the commercial cost of fossil fuels.
Ultimately, the public pays for these expenses, because they
have to withstand the worst of the unbalanced ecosystem.
Accordingly, an initiative was taken to study the negative
impacts of fossil fuels and to find an alternative solution.

The reduction policy based on the rollback-to-a-standard
method can be preferred for peak concentrations. The increas-
ing concentration of PM2.5 in the environment is a common
problem of serious concern for all people, and hence, it must
be given top priority (Anjum et al. 2020).

In many places around the world, such as in South Asia,
including Pakistan, PM2.5 concentration in the environment
has exceeded the standardized limit of the World Health
Organization (WHO) Air Quality Index (AQI). The National
Environmental Quality Standards Authority (NEQS) an-
nounced the daily and annual 24-h mean values of PM2.5

concentrations as 40 and 25 μg m−3, respectively, which were
revised as 35 and 15 μg m−3, respectively (Pak-EPA 2010). It
has been observed that many deaths can be avoided by reduc-
ing the exceeding levels of PM2.5 to the hypothetical alterna-
tive PM2.5 standard of 15 μg m−3 (US-EPA 2020).

A stepwise conversion from the conventional energy sys-
tem to a clean and renewable solar energy based hydrogen
energy system is indispensable to safeguard our environment
and to ensure enough future energy supply.

Monetization methods

Various methods and approaches have been adopted all
around the globe to monetize the detrimental effects of fossil
fuels. Gibbs and Steen developed the Environmental Priorities
Strategies (EPS) model to facilitate comparison of environ-
mental impacts among product concepts in product develop-
ment (Gibbs Jr and Steen 1999). An external costs of energy
(ExternE) model has also been adopted to monetize socio-
environmental damage (Bickel and Friedrich 2005).
Similarly, Ecotax is another European monetary valuation
method, where the weighting factors are derived based on

environmental taxes and fees in Sweden (Eldh and
Johansson 2006). Weidema developed the Stepwise2006 ap-
proach to remove the previous imperfection in monetizing a
great extent of damage to the environment and improved cost-
benefit analysis (Weidema 2009).

The LCIA approach, known as the Life Cycle Impact
Assessment Method, based on Endpoint Modeling (LIME),
was used for impact assessment, using Japanese context data
by choosing correct protocols from LCIA’s three main steps:
classification, damage evaluation, and weighting (Itsubo et al.
2004). We modified the model, given in the Eqs. (1) and (2),
with local pollution factors based on CO2 emission (the ex-
planation of the symbols follows).

Cn ¼ Dn

Mn
ð1Þ

Mn ¼ ∑
3

i¼1
FiPinð Þ ð2Þ

All three types of fossil fuels are available in our local area
with different carbon contents. Hence, the pollution factors,
which we have calculated, are different than those calculated
by other researchers, e.g., Barbir et al. (1990).

The modified model can be sketched as follows. Outputs
(Cn, Dn, and Mn) can be produced by the following static Eqs.
(1) and (2), where Cn, Dn, and Mn represent the itemized
damage, the estimated damage per year, and the modified
fossil fuel consumption, respectively. The pollution and fuel
consumption factors are represented by Pin and Fi, respective-
ly. The specific type of damage is represented by n, and coal,
oil, and natural gas are represented by the subscripts (i = 1, 2,
3), respectively.

Data reduction

Coal, natural gas, and oil are classified as fossil fuels. They
contribute to environmental damage, regardless of their ener-
gy content. Thus, for a specific form of damage due to fossil
fuels, Pin (a pollution factor) was introduced (Barbir et al.
1990). The factor is taken in proportion to the damage caused
by a given type of fuel “i” and for a given type of damage “n.”
CO2 emission was used to calculate the pollution factor; i.e.,
the factor for each fuel is considered proportional to the CO2

emission per unit of energy of the fuel consumed (Table 1).
The amount of CO2 emitted per million British thermal units
(MBtu) of fossil fuel energy has been calculated as 214.3,
161.3, and 117.0 lb. MJ−1 for sub-bituminous coal, heating
oil, and natural gas, respectively (US-EIA 2020).

The modified fossil fuel consumption (Mn) was calculated
about 1018 J year−1 using Eq. (2).
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The itemized types of damage, labeled as C1, C2, and C3,
were calculated using the set of the Eqs. (3).

C2 ¼ 75:9; 24:7; 56:38; 0:03

C1 ¼ C2

0:78
¼ 97:31; 31:67; 72:28; 0:04

C3 ¼ C2

0:78
� 0:56 ¼ 54:49; 17:73; 40:48; 0:02

ð3Þ

Results and discussion

Table 2 summarizes all the data, including the annually
assessed types of damage, the modified consumption values,
the unit damage, and the reference year. Along with Table 2,
Fig. 1 depicts the damage divided into parts to be analyzed in
relation to the amount of fuel energy used.

The types of damage derived from coal, petroleum, and
natural gas have been calculated based on emission factors
and per annum consumption of the individual fuel. Since the
data is available for the years of 2005–2009, the itemized
types of damage were evaluated only for that period.

According to the Energy Year Book 2011 record, all three
fuels used are presented in units of tone of oil equivalent
(TOE). The amount of natural gas, crude oil, and coal used
is (60,216,163), (43,824,267), and (17,058,247) tons of oil
equivalent, respectively. Total fuel consumption wasmodified
as “Mn” by multiplying the emission factors of coal, oil, and
gas with the total consumed quantity of the fuel. The pollution
factors based on CO2 emission for coal, oil, and gas were
calculated as 1.0, 0.7, and 0.56, respectively. The modified
fossil fuel consumption in units of 1018 year−1 was calculated
as 0.83, 0.89, 0.94, and 1.0 and a total of 3.661.

Accordingly, based on direct and indirect estimation of the
economic cost of damage, an annual cost of PKR 63.00,
22.00, 53.00, and 0.03 trillion, of coal, oil, and gas, respec-
tively, and a gross total of 138.03 trillion were calculated. The
individual types of damage calculated per unit energy (GJ−1)
of coal, oil, and gas were evaluated as PKR 201.3, 157.1, and
112.72, respectively.

Ta
bl
e
2

F
os
si
lf
ue
le
nv
ir
on
m
en
ta
ld

am
ag
e
es
tim

at
e

T
yp
e
of

da
m
ag
e

R
eg
io
n
(P
ak
is
ta
n)

Y
ea
r

Fo
ss
il
Fu

el
C
on
su
m
pt
io
n
T
O
E

(E
ne
rg
y
Y
ea
r
B
oo
k
20
11
)

(“
ht
tp
s:
//h

di
p.
co
m
.p
k/
do
cs
/im

po
rt
an
t-
ta
bl
es
-1
4-
03
-2
01
2.
pd
f,
”)

D
n

D
am

ag
e
es
tim

at
e

PK
R
10

9
ye
ar
−1

M
n

M
od
if
ie
d
fo
ss
il

fu
el
co
ns
um

pt
io
n

10
1
8
J
ye
ar
−1

E
nv
ir
on
m
en
ta
lD

am
ag
e
20
09

PK
R
G
J−

1

C
oa
l(
C
1
n)

Pe
tr
ol
eu
m

(C
2
n
)

N
at
ur
al
ga
s
(C

3
n
)

It
em

iz
ed

da
m
ag
e
It
em

iz
ed

da
m
ag
e
It
em

iz
ed

da
m
ag
e

(C
oa
l)

(D
ry

na
tu
ra
lg

as
)

(C
ru
de

oi
l)

E
ff
ec
ts
on

hu
m
an
s

20
05
–2
00
6
3,
61
1,
49
0

13
,3
25
,2
51

10
,8
77
,6
01

63
0.
83
1

97
.3
1

75
.9
0

54
.4
9

20
06
–2
00
7
4,
14
9,
04
1

14
,7
01
,0
24

10
,5
75
,3
30

22
0.
89

31
.6
7

24
.7

17
.7
3

20
08
–2
00
9
3,
89
3,
00
1

16
,3
07
,8
98

10
,8
42
,6
14

53
.9
4

72
.2
8

56
.3
8

40
.4
8

E
ff
ec
ts
on

cr
op
s

20
07
–2
00
8
5,
40
4,
71
5

15
,8
81
,9
90

11
,5
28
,7
22

0.
03

1
.0
4

.0
3

.0
2

T
ot
al
s

17
,0
58
,2
47

60
,2
16
,1
63

43
,8
24
,2
67

13
8.
03

3.
66
1

20
1.
3

15
7.
01

11
2.
72

Table 1 Pollution factors based on CO2

Amount (Kg) of CO2 emission GJ
-I

Coal
88.1

Petroleum
69.4

N. Gas
50.0

Pollution factor (Pin)

Type of damage (n) Coal
i = l

Petroleum
i = 2

N. Gas
i = 3

Damage due to emissions 1.00 0.78 0.56
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The analysis showed that natural gas is used more than the
other two fuels (coal and oil), but its damage is less than (that
of) the other types of fuel. On the other hand, coal is used less
than the others, but its damage is more than that of the
other two. This is verified by the dynamic growth mod-
el, developed by Nyambuu and Semmler (Nyambuu and
Semmler 2020).

In the USA, Barbir et al. reported an environmental damage
caused by each of the fossil fuels (coal, oil, and gas) around
US$ 3.48, 2.83, and 2.09, respectively. These values were
calculated in terms of environmental effects on humans. The
environmental effects on agriculture were reported around
US$ 1.35, 1.09, and 0.81, respectively (Barbir et al. 1990).

Damage was calculated only for agriculture and
humans. Nonetheless, these costs are not included in
the market values of fossil fuels. However, the public
pays for these types of damage directly in the form of
taxes, insurance premiums, and low standards of living
and indirectly in the form of health-related issues. If the
cost of damage was included in the actual prices of the
fossil fuels used, then other alternative clean energies,
such as wind, solar, and hydrogen, would be suggested
earlier.

Table 2 shows the relative values of fossil fuel con-
sumption and its damage index. It is seen that the ratio
between damage and coal, oil, and gas consumption is
42.68 to 13.7%, 33.4 to 35.6%, and 23.8 to 50.7%,
respectively. Therefore, in comparison to coal and oil,
the attractiveness of natural gas as an environmentally
friendly energy source is obvious. This finding would
also constitute a strong argument for persuading the
public as regards the use of gaseous fuels and,

subsequently, for convincing them of the need for a
smooth shift to hydrogen, as a gaseous fuel.

Conclusions

Fossil fuel mostly contains petroleum, coal, oil, and natural
gas. These products when released in the environment cause
damage to human health, animals, forests and plants, aquatic
ecosystem, climate change, ozone layer, crops, infrastructures,
visibility, and many others.

Environmental damage resulting from each of the fossil
fuels were assessed on an item-by-item basis. Data is calcu-
lated and evaluated for the years of 2005–2009. We modified
the model, given in the Eqs. (1) and (2), with local pollution
factors based on CO2 emission. Table 2 shows total fossil fuel
environmental damage, and Fig. 1 depicts estimated itemized
types of damage for each of the fossil fuels. The percentage
ratio between damage and fossil fuel consumption is 42.68 to
13.7%, 33.4 to 35.6%, and 23.8 to 50.7%, respectively.
Therefore, in comparison to other fossil fuels, natural gas is
found an environmentally friendly energy source. It has been
found that this damage pileup to a very large value of PKR
133 billion per year. This is what the public pays in addition to
the commercial cost for using fossil fuels. The estimated value
could be further increased by taking in account the actual cost
of human suffering and the total cost of possible climate
change.

The results of this study unequivocally show that the early
adaptation of cleaner energies, such as wind, solar, and hydro-
gen, will be extremely beneficial to society, economically vi-
able, and environment-friendly.

The findings have very important policy implications, i.e.,
to minimize the use of fossil fuels, to save the foreign ex-
change, and to control the environmental damages. Harness
of clean energy resources like wind, solar, and hydrogen to
make the environment clean and free of pollution is suggested.

A stepwise conversion from the conventional energy sys-
tem to a clean and renewable solar energy based hydrogen
energy system is indispensable to safeguard our environment
and to ensure enough future energy supply.
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