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Increasing urbanization and global population, in addition to huge
economic and industrial developments have jointly led to raised
consumption of electrical. With the rise in fossil-based fuel costs and the
environmental awareness to decrease greenhouse gas emissions there is an
increasing requirement to alter away from CO2 emission creating fossil-
based fuels to new renewable power resources for electrical generation. By
using Life Cycle Assessment, this paper’s scope is to compare and
evaluation the chosen environmental effects associated with the electrical
generation of the sustainable and the fossil-based system. In this paper, the
environmental footprint that obtains from the diverse energy sources’
exploitation/use, either renewable or conventional/fossil in the electrical
generation industry, is analyzed. Analysis of the electrical energy
generation sectors depended on diverse factors include a potency

figenbalo@gmail.com ecological effect categories’ wide vary. Thus, the energy sources’ diverse

life cycle stages used in electrical generation are investigated. The pairwise
comparison is presented for the needed data’ derivation. For each of
criteria, these comparison is applied for deriving weights of criteria’
significance and alternatives’ relative rankings. Each technology’s
ecological effect according to all factors are calculated. Finally, the eco-
friendliest and the most environmentally damage technologies are

determined.
2018 Batman University. All rights reserved

1. Introduction

The energy has important impacts in the evolution of technology and economy. Electrical was the main
role during the passage between the technological and the industrial development, almost all the
economic and financial activities based directly on it and any revolution coexists with the electric
energy’s rising demand [1-4]. Electrical, other energy types’ a transformation output, highlights the
main energy’s significance. A power facility can be identified as the relationship, the power
conversion/generation’s facilities” physical form, to a certain type (e.g. electrical, heat), the distribution
systems, the storage facilities, and the transmission facilities, that work as a definite facility. The demand
for electrical is obtained global chiefly from the exploitation of conventional/fossil power resources, i.e.
lignite/coal, petroleum and natural gas in a percent of approximately 75%. Lately, the utilize of
sustainable power resources, more environmental biofuels and more efficient industries (e.g.,
cogeneration, the trigeneration) for electrical production is rising, chiefly due the petroleum-based fuel
reserves’ depletion, environmental pollution and the geopolitical reasons [3-5]. The rising need for
electrical energy is linked to previously present obtaining options of the fossil-based fuels’ future.
Therefore, the requirement for alters in energy planning and policy and in the energy generation
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systems’ design is emphasized. Regardless of the apparent advantages, the irrational operation and
power resources brings’ use to surface numerous troubles. The ecological damage reasoned by
anthropogenic originating in human activities has reasoned several significant environmental troubles,
such as the acidification, global climate change, and ozone layer depletion. In the higher atmosphere
layers, the global climate change originates from the greenhouse gases’ concentration rise [4-6]. The
greenhouse gases emissions, in addition to other negative environmental pollutant, have chiefly
anthropogenic source. Specially, the CO2 emission originates at its ultimate extent from the transports
industry and in the use, exploitation, and production of fossil sources, e.g. for electrical production.
Therewithal deforestation in worldwide norm outcomes in the CO2 determination capability’s diminish
via the photosynthesis process and thus in the CO2 concentration’s rise in the atmosphere [4, 6].
Electricity’s generation is a greenhouse gas emission manufacturing process as shown in the paper of
which is detrimental to the ecology [7-9].

Researches have displayed that the energy industry supports to the total C emissions’ approximately
40%. [10]. In climatic change, these gases manufactured in big quantity, cause a dominant impact [11].
The effect is considerably negative on socio-economic and natural systems. Lastly, long ignored, global
warming, is at the forefront in the numerous countries' policies’ development. In this context, it is
essential to promote and develop renewable power resources that can give rise to sustainable plants [12-
14].

The different methods have been used for investigation of ecological effects, while LCA (Life Cycle
Assessment) is the most commonly applied methodologies’ one. LCA is a cradle-to-grave reach, which
has been considered as a precious ecological evaluation equipment for the chemical sectors [6-7]. In the
most of the researches, the searchers have concentrated on acidification potential, greenhouse gas
emissions, eutrophication potential to evaluate the electrical generation systems’ ecological effects [15-
17]. In Kazakhstan, Ahmad et al. analyzed to nuclear and renewable energy sources for electricity
generation by multi-criteria evaluation [18]. In Tunisia, Brand and Missaoui assessed to the electrical
production diverse mix scenarios by multi-criteria Analysis [19]. By Streimikien et al., the quantitative
and qualitative criteria’ analysis applied to ratio the electrical production industries considering their
technological, economic, environmental, political, and social directions and sort them by priority order
[20].

In Taiwan, Shen et al. assessed to the six sustainable technologies for electricity generation in according
to environment, economy, and energy [21]. By fuzzy AHP, Susilawati and Tasri selected to the most
suitable sustainable power sources for electrical production in Indonesia. This paper utilized from
environmental criterion as one of the criteria for choice [22]. Zlatar et al. improved 6 metrics in 3
dimensions with the inclusion of security of energy system reliability, primary power supply, and
environmental performances for instance [23].

This paper is presented to determine the eco-friendliest of electricity generation systems in terms of
environmental effects. For environmental investigation, these conclusions show an important step of
an electricity generation facility’ global environmental evaluation. Moreover, the conclusions could be

utilized to decrease the many running electrical generation systems’ effects all over the world.
2. The Model Structure

To obtain a framework for relations with multi criteria decision-making issues, a hierarchical model is
structured. Among decision levels, the model adopts a unidirectional hierarchical connection among the
criteria. The selected methodology permits the hierarchical tree building and weighing each indicator
through pairwise comparison between indicators and criteria by a matrix to obtain a coherent and
consistent administration of both qualitative and quantitative data. To determine weights of criteria, such
a method is used in this paper.

In the hierarchy for determining the ecological impact of electricity generation technologies, the aim of

this research would be determining the most environment friendly technology based on a set of factors.
These factors are air pollutants, greenhouse gas emissions (GHG), water use impacts, extraction, and
waste. Fifteen different electricity generation options are compared from the perspective of each factors
mentioned. The hierarchy composed of these factors is constructed as shown in Table 1 below:

Table 1. List of Factors
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Factors

Air Pollutants | Greenhouse gas emission | Water use impacts | Extraction Waste

While measurements for some criteria are readily available, some others can only be estimated with
respect to other variables. As it is the case in all multi-criteria decision making methods, the relative
priorities of such criteria need to be determined. This is accomplished by pairwise comparison of the
factors, starting with the main criteria. Below are the resulting properties shown in Figure 1.

Waste; 0,226

Criteria Air
Pollutants; 0,455

Extraction; 0,060

Water Use Imp;
0,100

GHG; 0,159

Criteria Air Pollutants B GHG ® Water Use Imp M Extraction B Waste

Figure 1. Priorities of factors

After determining the priorities of the factors with respect to the overall goal, electricity generation
technologies are compared two by two with respect to each factor. 15 different technologies are used
for the purpose of this investigation to be evaluated.

The environmental properties of the selected technologies are presented in Table 2 [24]. With regard to
their life-cycle environmental effects, Table 2 supplies the diverse electricity production alternatives’ a
qualitative comparison. In order to use the data provided in the table, they need to be transformed into
guantitative form. Thus, the available data is scaled from 1 to 5 based on their impact on ecological
consequences.

The final step in applying the technique is pairwise comparisons of the options with respect to each
factor. In order to design an objective scheme for this purpose, the minimum and maximum values of
the alternatives for each factor is determined. This range is divided into nine even ranges on a scale from
1 to 9. Finally, each technology alternative is placed in one of these ranges based on their values to
compare them with each other.
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Technology

Demand-Side
Management
Reservoir Hydro

Run-of-River Hydro

Nuclear Gas
Natural Gas
Oil-fired Generation
Conventional Coal

Clean Coal With
CO;
Energy Recovery
Generation
Bioenergy
Geothermal Power

Wind Power
Solar PV

Tidal Current Power

Wave Power

Table 2. Environmental properties

Criteria GHG Water Use  Extraction Waste
Air Impacts
Pollutants
none none none no disposal of replaced
equipment

none low flow pattern no no
changed

none none minimal no no

none none thermal yes radioactive
discharge

low medium thermal yes no
discharge

high high thermal yes yes
discharge

high high thermal yes yes
discharge

low medium thermal yes yes
discharge

none none low no no

low none low no yes

none low low no yes

none none none no no

none none low for manuf. no

only
none none none no no
consumptive
none none none no no

3. Results and Discussions

consumptive

Based on the calculations above, the relative priorities corresponding to the ecological impact of each
technology about all factors are presented below in Figure 3:
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Tidal Current Power
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£ 1 1 | ) (R LIS SRS LISS (SIS IIss: |
Nuclear 1 3
Reservoir Hydro
Demand-Side
0 0,1 0,2 0,3 0,4
oil Energy
Deman Manag Res‘erv Rur\—Of— Natural Fired anven Coal Recove BioenerGeo'(he Wind | Solar Tidal
B oir River Nuclear tional A rmal Current
d-Side ement Gas Genera With gy Power PV Power
Hydro  Hydro . Coal Genera Power Power
tion co2 .
tion
E Criteria Air Pollutants  0,0102 0,0102 0,0102 0,0102 0,0462 0,1071 0,1071 0,0462 0,0102 0,0462 0,0102 0,0102 0,0102 0,0102 0,0102
EIGHG 0,004 0,0042 0,004 0,004 0,0177 0,0393 0,0393 0,0177 0,004 0,004 0,0042 0,004 0,004 0,004 0,004
E3 Water Use Impact 0,0014 0,0224 0,0048 0,0092 0,0092 0,0092 0,0092 0,0092 0,0048 0,0048 0,0048 0,0014 0,0048 0,0025 0,0025
Extraction 0,001 0,001 0,001 0,0096 0,0096 0,0096 0,0096 0,0096 0,001 0,001 0,001 0,001 0,0033 0,001 0,001
E Waste 0,013 0,0048 0,0048 0,0605 0,0048 0,0229 0,0229 0,0229 0,0048 0,0229 0,0229 0,0048 0,0048 0,0048 0,0048
ETotal 0,0296 0,0426 0,0249 0,0934 0,0874 0,188 0,188 0,1055 0,0249 0,0789 0,0431 0,0215 0,0271 0,0225 0,0225

Figure 3. Electricity Generation Technologies

The obtained results indicate that the Conventional Coal and Oil Fired Generation are the two
technologies with the highest environmental impact with a global priority of 0.1880. On the other hand,
Wind Power is the eco-friendliest technology with the lowest total impact value of 0.0215 based on the
factors taken into account. Tidal Current Power and Wave Power follow the wind power with a slight
difference. Figure 4 provides a visual comparison of the alternatives.
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Figure 4. Comparison of electricity generation technologies
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4. Conclusions

This paper aims to research the ecological effect of the electricity generation technologies based on
various factors. These factors cover a wide range of potential ecological impact categories. The list of
factors is evaluated and each factor is appointed a relative priority based on expert evaluations. Finally,
the solution method is applied to the resulting scheme.

Each of the electricity generation technology’s ecological effect are calculated for all of the factors
involved. Based on the calculations, the eco-friendliest and the most environmentally damage
technologies are determined.

Aside from providing a quantitative method to evaluate the alternative technologies, this study brings
together a range of qualitative factors and quantify them based on expert opinions from the field.
Although there are studies in the literature that involves environmental footprint anaysis, the extent of
this research in terms of variety of the variables used, is beyond previous work done in this field.

The model used within the scope of this study can further be enhanced or improved to cover different
aspects of technologies for the energy industry and serve both the policy-makers and the industry itself.
The number and the variety of the selected factors can be further increased and their priorities can be
adjusted accordingly. In this sense, the developed method is a robust approach to the problem.

5. References

[1]. de Jong, P., Kiperstok, A., & Torres, E. A. (2015). Economic and environmental analysis of
electricity generation technologies in Brazil. Renewable and Sustainable Energy Reviews, 52, 725-
739.

[2]. Chidikofan, G., Benoist, A., Sawadogo, M., Volle, G., Valette, J., Coulibaly, Y., ... & Pinta, F.
(2017). Assessment of Environmental Impacts of Tar Releases from a Biomass Gasifier Power Plant
for Decentralized Electricity Generation. Energy Procedia, 118, 158-163.

[3]. Stenzel, P., Schreiber, A., Marx, J., Wulf, C., Schreieder, M., & Stephan, L. (2018). Environmental
impacts of electricity generation for Graciosa Island, Azores. Journal of Energy Storage, 15, 292-
303.

[4]. Theodosiou, G., Koroneos, C., & Stylos, N. (2014). Environmental impacts of the Greek electricity
generation sector. Sustainable Energy Technologies and Assessments, 5, 19-27.

[5]. Ligus, M. (2017). The assessment of environmental benefits of low-emission electricity generation,
the case of Poland. Energy Procedia, 107, 363-368.

[6]. International Standardization Organization. (2006). Environmental Management: Life Cycle
Assessments: Requirements and Guidelines. 1ISO 14044; 1SO: Geneva, Switzerland.

[7]. Parks, N. (2009). UN update: climate change hitting sooner and stronger, Environ. Sci. Technol. 43
(22), 8475e8476.

[8]. Pielke Jr, R., Wigley, T., & Green, C. (2008). Dangerous assumptions. Nature, 452(7187), 531.

[9]. Solomon, S., Plattner, G. K., Knutti, R., & Friedlingstein, P. (2009). Irreversible climate change due
to carbon dioxide emissions. Proceedings of the national academy of sciences, 106(6), 1704-1709.

[10]. Mallah, S., & Bansal, N. K. (2010). Renewable energy for sustainable electrical energy system
in India. Energy Policy, 38(8), 3933-3942.

[11]. Metz, B., Davidson, O. R., Bosch, P. R., Dave, R., & Meyer, L. A. (2007). Contribution of
working group 111 to the fourth assessment report of the intergovernmental panel on climate change,
Cambridge University Press, UK.

[12]. Parks, N. (2009). UN update: climate change hitting sooner and stronger, Environ. Sci. Technol.
43 (22), 8475-8476.

[13]. Pielke Jr, R., Wigley, T., & Green, C. (2008). Dangerous assumptions. Nature, 452(7187), 531-
532.

30



F. Balo and L. S.Sua/Journal of Engineering and Tecnology 3;1 (2019) 25-31

[14]. Solomon, S., Plattner, G. K., Knutti, R., & Friedlingstein, P. (2009). Irreversible climate change
due to carbon dioxide emissions. Proceedings of the national academy of sciences, 106(6), 1704-
1709.

[15]. Kimming, M., Sundberg, C., Nordberg, A., Baky, A., Bernesson, S., Norén, O., & Hansson, P.
A. (2011). Biomass from agriculture in small-scale combined heat and power plants—a comparative
life cycle assessment. Biomass and bioenergy, 35(4), 1572-1581.

[16]. Nguyen, T. L. T., Hermansen, J. E., & Nielsen, R. G. (2013). Environmental assessment of
gasification technology for biomass conversion to energy in comparison with other alternatives: the
case of wheat straw. Journal of cleaner production, 53, 138-148.

[17]. Nguyen, T. L. T., & Hermansen, J. E. (2015). Life cycle environmental performance of
miscanthus gasification versus other technologies for electricity production. Sustainable Energy
Technologies and Assessments, 9, 81-94.

[18]. Ahmad, S., Nadeem, A., Akhanova, G., Houghton, T., & Muhammad-Sukki, F. (2017). Multi-
criteria evaluation of renewable and nuclear resources for electricity generation in
Kazakhstan. Energy, 141, 1880-1891.

[19]. Brand, B., & Missaoui, R. (2014). Multi-criteria analysis of electricity generation mix scenarios
in Tunisia. Renewable and Sustainable Energy Reviews, 39, 251-261.

[20].  Streimikiené, D., Sliogeriené, J., & Turskis, Z. (2016). Multi-criteria analysis of electricity
generation technologies in Lithuania. Renewable Energy, 85, 148-156.

[21]. Shen, Y., Grace T. R, Lin, Li K.P.,Yuan B. J. C., An assessment of exploiting renewable
energy sources with concerns of policy and technology, August 2010, Energy Policy 38(8):4604-4616

[22]. Tasri, A., & Susilawati, A. (2014). Selection among renewable energy alternatives based on a
fuzzy analytic hierarchy process in Indonesia. Sustainable Energy Technologies and Assessments, 7, 34-
44,

[23]. Zlatar, I., Kozan, B., Golob, R., & Gubina, A. F. (2014). The Security of Electricity Supply: The
Economic Downturn's Influence in Slovenia. Energy Sources, Part B: Economics, Planning, and
Policy, 9(4), 351-359.

[24]. http://theearthproject.com/everything-geothermal-energy/

31


https://www.researchgate.net/scientific-contributions/51316213_Yung-Chi_Shen?_sg=K-JSabhFQzfotmiR0hgs_s7_trpOPd128sx90fuQyrVGw1sXyYwcQN8BoZ7x5CCWr8DEUYM.nUqQvhi8RnUmRBU66jsYLC6ZAZDzEXfXQZc-KLFZsOXNurXkrmIL7xVXMV5n0zef6ZGsAM0FpYG9a6aFKTkKIw
https://www.researchgate.net/scientific-contributions/69957030_Grace_T_R_Lin?_sg=K-JSabhFQzfotmiR0hgs_s7_trpOPd128sx90fuQyrVGw1sXyYwcQN8BoZ7x5CCWr8DEUYM.nUqQvhi8RnUmRBU66jsYLC6ZAZDzEXfXQZc-KLFZsOXNurXkrmIL7xVXMV5n0zef6ZGsAM0FpYG9a6aFKTkKIw
https://www.researchgate.net/scientific-contributions/46948410_Kuang-Pin_Li?_sg=K-JSabhFQzfotmiR0hgs_s7_trpOPd128sx90fuQyrVGw1sXyYwcQN8BoZ7x5CCWr8DEUYM.nUqQvhi8RnUmRBU66jsYLC6ZAZDzEXfXQZc-KLFZsOXNurXkrmIL7xVXMV5n0zef6ZGsAM0FpYG9a6aFKTkKIw
https://www.researchgate.net/scientific-contributions/72022697_Benjamin_J_C_Yuan?_sg=K-JSabhFQzfotmiR0hgs_s7_trpOPd128sx90fuQyrVGw1sXyYwcQN8BoZ7x5CCWr8DEUYM.nUqQvhi8RnUmRBU66jsYLC6ZAZDzEXfXQZc-KLFZsOXNurXkrmIL7xVXMV5n0zef6ZGsAM0FpYG9a6aFKTkKIw
http://theearthproject.com/everything-geothermal-energy/

