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ABSTRACT
Natural gas and coal are the main primary energy resources used in the Romanian energy sector, 73.7% in 2011, taking
into account the fuel imports. The objective of the article consists in analyzing all the processes along the coal and the
natural gas life cycle in order to assess their overall environmental impact. Two energy technologies were analyzed, for
each resource: the pulverized coal combustion with supra-critical parameters and CO2 capture unit and the natural gas
combined cycle. Considering the functional unit of electricity production for 1 year, it was found that the natural gas
combined cycle remains the more interesting energy technology from an environmental point of view. However, the
pulverized coal with supra-critical parameters equipped with a CO2 capture unit has the lowest environmental impact on
the climate change. The weakest point of the coal technology is its low efficiency.
Keywords: Natural Gas; Coal; Life Cycle Assessment; Environmental Impact

1. Introduction
In 2011, the electricity energy resources (98.4% comes
from domestic production) were 1506 GWh (+2.4%)
bigger than in 2010. This increase was due to the evolution of the fossil fuel production evolution (+2.0%, representing 1237 GWh). Imports increased by 269 GWh
(35.1%), and electricity exports in 2011 were of 2942
GWh, with 99 GWh less than in 2010 (−3.3%). The
thermoelectric energy production share in the total electricity production in 2011 was of 73.7%, an increase
compared to 2010 when it accounted for 66.3%. This
increase had to compensate for the reduced production of
hydroelectric power, which was of 5297 GWh (−26.2%)
less than in 2011 compared to the previous year [1-6].
Taking into account the high importance of the coal
and natural gas in the Romanian energy sector, an environment study is necessary in order to identify the weakest points and to reduce the overall environmental impact
on the whole life cycle. In order to evaluate the environmental impact, the life cycle assessment methodology
was used. The LCA methodology comprises the followings stages:
 Definition of the objectives and of the boundaries;
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 Inventory assessment;
 Impact assessment;
 Results interpretation and solutions to environmental
amelioration.
The Life Cycle Assessment methodology is based on
the emissions collected for all the processes of the coal
and the natural gas life cycle, such as extraction, treatment, transport and fuel combustion for energy production.
The aim of the paper consists in identifying the emissions generated for every stage of the life cycle and in
calculating the impact indicator according to environmental eco-systems. The values of the indicators help me
choose that environmental friendly technology. On the
results of the inventory and impact assessment, environmental solutions will be proposed in order to ameliorate
the overall environmental impact.

2. Coal and Natural Gas Life Cycle
Figure 1 presents the processes for every stage of the
coal and natural gas life cycle which were included in
this analysis.
The life cycle of a fossil primary energy includes the
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used in the pulverized coal with supra-critical and subcritical parameters. Table 2 shows the technical data for
the natural gas combined cycle while Table 3 shows the
technical data for the pulverized coal with sub-critical
and supra-critical parameters.

2.2. Functional Unit

Figure 1. The boundaries of the studied system.

processes like extraction, treatment, transport and combustion for the generation of electricity. An assumption
was made that the electricity consumed during every
process of the life cycle is provided by the national energy system. Table 1 show the structure (the contribution)
of the primary energy resources used in the Romanian
electricity sector.
In order to calculate the emissions generated in every
stage for coal and natural gas, the followings parameters
were taken into account:
 The emission factors for each resource, in gr/kg;
 The contribution of each primary energy resource to
the production of the energy used in the processes
like extraction, treatment and transport of fuel (see
the Table 1).
So, for a certain amount of electricity, the global emission for a pollutant, Epi, was determined by Equation (1):
E pi  0.2432  E pi  l   0.2881  E pi  p 
 0.3503  E pi  ng   0.1184  E pi  nh 

(1)

where:
E pi  l  —the amount of the pollutant i generates in the
lignite combustion, in gr;
E pi  p  —the amount of the pollutant i generates in
the petroleum combustion, in gr;
E pi  ng  —the amount of the pollutant i generates in
the natural gas combustion, in gr;
E pi  nh  —the amount of the pollutant i generates in
the nuclear conversion process, in gr.

2.1. Scope and Goal Definition
The aim of the article consists in analyzing the GHG
emissions generated by the coal and the natural gas life
cycle in the followings stages: coal and natural gas extraction, coal and natural gas treatment, coal and natural
gas transport and coal and natural gas combustion for the
generation of electricity.
In the electricity generation stage, the natural gas is
used in the natural gas combined cycle while the coal is
Open Access

Taking into account the difference between the installed
power of the two energy technological solutions, a functional unit needed to be established. Therefore, the functional unit was established according to a time unit, a
product unit, and a function unit. Consequently, the functional unit is defined as the amount of electricity produced during one year. The electricity produced duringa
one year was calculated using the equation below:

E y  Pi  d yf  dv

(2)

where:
Pi—the gross power output, in MWe;
dyf—the operating hours in a one year, in h;
dv—the period assessment is a one year.
The electricity required by the consumer (Ec) from
residential and tertiary sector is:
Table 1. Primary energy mixt for power engineering [2].
Primary energy sources

Primary energy, Percent of total primary
in tep
energy, in %

Lignite
Petroleum
Natural gas
Hydro and nuclear energy

8,803,000
10,426,000
12,676,000
4,286,000

24.32
28.81
35.03
11.84

Table 2. Technical characteristics of the natural gas combined
cycle power plant [7-9].
Parameter

Value

Gas turbine output, MW

69

Steam turbine output, MW

34

Own power supplies, MW

1

Net power plant output, MW

102

Efficiency of gas turbine, %

30

Efficiency of the steam process, %

22

Net efficiency of the plant, %

44.5

Table 3. Technical characteristics of the sub-critical and
supracritical pulverized coal technology [7-9].
Parameter

Supra-critical
parameters

Sub-critical
parameters

Gross power output, MWel

380

380

Fuel consumption, kg/s
Global efficiency, %
Net power output, MWel
Net efficiency, %
CO2 emission factor, kg·CO2/kWh

97
48
327
42
0.783

112
45
298
39
0.912
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Ec  E py  N y

(3)

where:
E py —represents the annual electricity required by a
person, in MWh/year/pers;
Ny—the number of persons of the consumer defined.
I made the assumption that the electricity loss in the
distribution system is negligible, so Ec  E y .

2.3. Inventory Assessment
In this life cycle assessment stage, the emissions were
collected for every process of the coal and the natural gas
life cycle. Firstly, the specific emissions reported to mass
of fuel were collected. Table 4 shows the pollutants collected for every process and fuel life cycle.
In order to report the emissions to the functional unit,
the amount of fuel (coal and natural gas) for every stage
of the life cycle was determined. So, the amount of the
fuel necessary (Mcb) in the combustion stage is determined with the equation posted below:
M cb 

Ey

cb  PCI f

(4)

where:
ηcb—is the power engineering global efficiency, see
the Tables 2 and 3;
PCIf—is the low heating value according to the fuel
composition, in kJ/kg.
Equation (5) is was used for reporting the emissions to
the functional unit acording to the amount of the fuel.
Pik _ rec  Pik  M cbi

(5)

M cbi —the amount of fuel in the stage “i” of the coal
and natural gas life cycle, in tons;
Pik _ rec —the pollutant recalculated acording to the
functional unit, in tons of pollutant;
Pik —the specific pollutant for each stage of the fuel
life cycle presented in Tables 4 and 5.
Table 4. The emissions generated by the each stage of the
coal life cycle, in gr/kg [10].
Emission
NH3
CO2
CO
HCl
HF
H2S
CH4
NOx
N2 O
Praf
SO2
C6H6

Extraction
0.0494
3.643
0.00381
1.31×10−9
2.43×10−9
1.03×10−9
0.6391
0.0191
0.000316
0.00789
0.0412
-
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Treatment
0.0245
3.74
0.00322
3.05×10−9
5.26×10−9
1.12×10−9
0.00738
0.0173
0.000466
0.00153
0.0112
-

Transport
2.21×10−7
0.039
0.00322
3.1×10−10
1.64×10−11
6.87×10−13
2.04×10−6
0.000413
5.5×10−7
4.12×10−5
2.13×10−4
-

Combustion
0.000121
1103.187
0.1737
4.07×10−5
1.96×10−6
1.7×10−7
9.89×10−9
0.00943
3.4639
0.00353
10.198
7.2598

Table 5. The emissions generated by the each stage of the
natural gas life cycle, in gr/kg [10].
Emission

Extraction

Treatment

Transport

Combustion

NH3
CO2
CO
CH4
NOx
N2 O
Praf
SO2
C6H6
CH2O

0
76.6
0.0644
3.821
0.379
0.00064
0.0459
0.146
0.044
0

0
3.82
0.0034
2.9
0.178
0.00038
0.0208
1.022
0.229
0

0
0.306
0.0017
0.00724
0.00245
0.0000035
3.879×10−5
0.00014
2.19×10−6
0

1.605×10−4
2092
0.091
0.019
0.523
0
0
0.011
0.043
0.048

2.4. Impact Assessment
The methodology CML was used in order to quantify all
the emissions collected in the inventory assessment. The
impact analysis is a methodology where the potential
impact ofthe resource requirements and emissions is classified, characterizedand evaluated. The impact assessment includes three steps:
 Classification: relates the emissions to the relevant
impactcategories;
 Characterization: quantifies the contribution of the
emissions tothe relevant impact categories (e.g., convert NOx to SO2 equivalents);
 Evaluation: ranks the relevant impact categories.
Table 6 shows all the environmental indicators for the
evaluation of the energy solutions.

3. Results and Discussion
In this section the results obtained in the impact evaluation stage for coal and natural gas life cycle were analyzed considering the emissions collected in Tables 4
and 5. The impact indicator was determined according
with to the functional unit defined in the Section 2.1.
Figure 2 shows a comparison between the coal and
natural abiotic depletion (ADP). The followings parameters were considered in this analysis [11]:
 For coal: ADPcoal = 0.00671 kg·Sb/kg;
 For natural gas: ADPng = 0.0187 kg·Sb/kg.
The values for the abiotic depletion potential mean
that, nowadays, the coal reserves are bigger than the
natural gas reserves.
For a better understanding, the fuels life cycles were
noted:
 Case 1—pulverized coal with sub-critical parameters;
 Case 2—pulverized coal with supra-critical parameters with CO2 capture unit;
 Case 3—natural gas combined cycle.
Figures 2-8 show the global impact evaluation of the
coal and natural gas life cycle for the environmental
classes specified in the Table 6. In other words, three
NR
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Table 6. The environmental impact indicators [11,12].
Class impact

Emissions participants

Reference pollutant

Global warming potential (GWP)

CO2, CH4, N2O

CO2 - equiv.

Global

Acidification potential (AP)

SOx, NOx, HCl, HF, NH3

SO2 - equiv.

Regional, local

Eutrophication potential (EP)

NO, NO2, NH3, PO34

PO34 - equiv.

Local

Photo-oxidant formation potential (POCP)

NMHC

C2H6 - equiv.

Local

Human toxicity potential (HTP)

Dust, Hg, H2S, NO2, NH3, SO2

1.4 DCB equiv.

Global, Regional, Local

Abiotic resources depletion potential (ADP)

Coal

Antimoniu eqiv.

Global, Regional, Local

Analiza comparativa a filierelor energetice dupa ADP (tone
echivalent antimoniu)
ADP, [tone echiv. antimoniu]

Impact scale

Comparative assessment of coal and natural gas life cycle
according to EP indicator (tons equivalent PO4343 )

10000

5.04%
8000
6000

42.25%
4000

52.71%

2000
0
Case II

Case III

Figure 2. Comparative assessment of coal and natural gas
life cycle according to ADP indicator.

cases were compared, two considering the coal combustion and one for the natural gas.
The objective of this paper consisted in determining
the environmental effects of the coal life cycle with and
without the CO2 capture unit compared with the natural
gas technology. It is observed that in Case II (Figure 2)
the amount of coal is superior to that in Case I, according
to the CO2 capture unit provided for the second case. The
global efficiency for the coal pulverized technology with
supercritical parameters was of 30%, less than in Case I.
The natural gas combined cycle has the lowest environmental impact considering its overall efficiency.
In Figure 3, the pulverized coal with subcritical parameters has the lowest environmental impact according
to the NO2 and NH3 emissions generated in the combustion stage.
In Figures 4 and 5, the fuels life cycle were compared
according to the GWP indicator. It was obvious that the
pulverized coal with supra-critical parameters and with
CO2 capture unit has generated the smallest CO2 emissions in the environment. The CO2 capture has an efficiency of 90% that permitted the considerable reduction
of the CO2 emissions generated in the combustion stage.
Figure 6 shows the environmental effects of the fuels
life cycle according to the POCP indicator. It is obvious
that the coal life cycle has a bigger impact because a
large amount of SO2 and NO2 is generated in the combustion stage. In Case II, for the same functional unit, more
Open Access

Case I

Case II

Case III

Figure 3. Comparative assessment of coal and natural gas
life cycle according to EP indicator.
Comparative assessment of coal and natural gas life
cycle according to GWP indicator (tons equivalent CO2 )

31%
57%
12%

Case I

Case II

Case III

Figure 4. Comparative assessment of coal and natural gas
life cycle according to GWP indicator.
Comparative assessment of each coal and natural gas life
cycle stage according to GWP indicator
400000

GWP, [tons equiv. CO2 ]

Case I

300000

Power engineering

200000

Transport

100000

Treatment

0

Extraction
Case I Case II Case III

Figure 5. Comparative assessment of each coal and natural
gas life cycle stage according to GWP indicator.
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Comparative assessment of coal and natural gas life cycle
according to POCP indicator (tons equivalent C2 H6 )

Analiza comparativa a filierelor energetice dupa HTP
(tone echivalent 1,4 DCB)
0.35%

6.61%

41.52%

41.71%

58.13%

51.68%

Case I
Case I

Case II

Case III

Figure 6. Comparative assessment of coal and natural gas
life cycle according to POCP indicator.

Case II

Case III

Figure. 7. Comparative assessment of coal and natural gas
life cycle according to HTP indicator.

Analiza comparativa a filierelor energetice dupa AP
(tone echivalent SO2 )

coal is necessary and more SO2 and NO2 are generated in
the environment.
In Figure 7, the fuels life cycle are compared according to the HTP indicator. The worst pollutant is C6H6
which is generated in the extraction and treatment stagein
the case of the natural gas case and in the combustion
stage in case of the coal.
In Figure 8, a comparative assessment is provided for
the fuels life cycle according to the acidification indicator. More SO2 and NOx are generated in the coal combustion technology in comparison with the natural gas
combustion. The natural gas combined cycle has in this
case the lowest environmental impact.

Figure 8. Comparative assessment of coal and natural gas
life cycle according to AP indicator.

4. Conclusions

5. Acknowledgements

In this article, the coal and natural gas life cycles were
investigated from an environmental point of view in order to identify the environmental eco-systems that would
be integrated. In addition, three types of power generation were analyzed: pulverized coal with subcritical parameters, pulverized coal with supra-critical parameters
and with CO2 capture unit, and natural gas combined
cycle. The objective was to determine if the coal technology provided with the CO2 capture unit has a smaller
environmental impact than the natural gas combined cycle. This idea was analyzed only in the climate change
environmental impact where the CO2 emissions were
considerably reduced in comparison with the initial case
(pulverized coal with subcritical parameters). But, in the
abiotic depletion case, the pulverized coal with CO2 capture unit has the biggest impact taking into account the
penalty on the global efficiency of the decarbonization
unit.
Taking into account the whole environmental impact
indicators, the natural gas combined cycle has the lowest
contribution.
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National Project number 38/2012 with the title: “Technical-economic and environmental optimization of CCS
technologies integration in power plants based on solid
fossil fuel and renewable energy sources (biomass)”CARBOTECH.
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