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Abstract 
This paper proposes a method for determining the environmental benefits arising from the use of the 

combined production of electricity and heat. To determine the environmental burdens and benefits the life 

cycle assessment (LCA) technique is used, methodologically based on ISO 14040 series. To evaluate the 

process SimaPro software and the method of Eco Indicator 99 were used, which allows to get the results of 

the burden and benefit with taking into account three categories of damages: human health, ecosystem 

quality, raw materials and the eleven categories of the impact process on the environment. The object of 

evaluation is the process of energy production in combined heat and power plant Lubin. 
 

 

Introduction 

Sustainable development (self-sustaining, stable, 

synonymous with the concept of eco-development) 

is a concept which assumes that any economic 

growth regardless of the level at which it is ana-

lyzed, it should not be at the expense of the envi-

ronment and future generations. Method of evalua-

tion of sustainable development should include use 

of the indicators, among which it can distinguish 

three main groups [1]: 

1. indicators of the environmental dimension  

(determining natural capital); 

2. indicators of the economic dimension (determin-

ing economic capital); 

3. indicators on the social dimension (determining 

human capital). 

For determination of indicators of the environ-

mental dimension the most preferred technique by 

the countries of the European Union is the Life 

Cycle Assessment (LCA). According to the ISO 

14050 LCA is a “technique designed to assess the 

environmental risks associated with a system of the 

product or performance, both by identifying and 

quantifying used energy and materials, wastes  

entered into the environment, as well as the impact  

 

of those materials, energy and waste on the envi-

ronment. The assessment relates to the lifetime of 

the product or activity – from mining and mineral 

processing, the process of product manufacturing, 

distribution, use, re-use, maintenance, recycling and 

final land-use and transport” [2]. 

The reports of the European Union states that 

the sector of the national economy engaged in the 

production and supply of electricity, is considered 

to be exerting the greatest impact on the environ-

ment. The Union proposes, therefore, that at the 

level of policy-making and legislation of the energy 

sector, to calculate the environmental costs using 

LCA technique [3]. 

In this paper, due to the increasing importance 

of the gas and dust pollution coming from the ener-

gy sector and the issues of energy and heat efficien-

cy, are presented the results of LCA for Lubin  

(EC Lubin), which produces a combined electrical 

power and heat. LCA for Lubin is more important 

because during production process uses exclusively 

non-renewable raw material that is hard coal. LCA 

results are used to determine the load and the envi-

ronmental benefits of the co-production introduced 

by the CHP. 
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European Union policy and the energy 
sector 

Polish energy sector can not be analyzed outside 

the context of a global and regional level. The in-

crease of the environmental awareness contributed 

to growth of the economic competition, the current 

crisis and concerns about security of supply, led to 

increased interest in EU energy policy that affects 

effectively on national policy. Since 2004, Poland 

seeks to achieve the objectives agreed by the 27 

Member States, but its specificity and obsolete in-

stallations, don’t let forget about the difficulties and 

the need for rapid modernization of this sector of 

the economy. Currently, the energy sector of the 

country is based in 97% on the primary fuel – hard 

coal (48.5%) and brown (48.5%). The remaining 

3% is the energy use of oil, natural gas and renewa-

bles. 

According to 2005 data, final consumption of 

electricity per capita in Poland was 4.11 MWh/ 

Myear, while in the EU (15 members) of 5.71 

MWh/Myear, with reference to electricity con-

sumption in households difference is even more 

profound, respectively Poland 0.57 MWh/Myear 

and old EU countries l,68 MWh/Myear [3]. 

National analyzes of energy economy say that 

“even if in the EU directive of 2004 the quantified 

targets would be removed, the aim for Poland 

would be to produce in 2010 16% of electricity 

from high-power plants. Similarly – as promised in 

the Polish Treaty of Accession to the EU – Polish 

authorities are anxious to ensure the production of 

7.5% of primary energy from renewable sources by 

2010” [4]. In the present state of the Polish energy 

sector, these goals are difficult to achieve, because 

the increase in retail prices would be a drastic step 

for the average household, and with no additional 

funds the investments are not possible. 

The main EU policies and directives on central-

ized energy sector are: 

1) the competitiveness of the economy as defined 

in the Lisbon Strategy and social cohesion, in-

cluding: 

• liberalization of markets (gas and electricity); 

• research and development – technology 

transfer; 

• social cohesion (reducing unemployment, 

providing access to energy for all); 

2) energy security – the primary energy savings 

(PES), including: 

• the efficiency of end-use of energy and ener-

gy services – eco-buildings (Directive 

2002/91/EC); 

• promotion of high performance cogeneration 

– CHP Directive (Directive 2004/08/EC);  

• the development of renewable energy sources 

– renewable energy (Directive 2001/77/EC);  

3) protection of the environment (biodiversity, 

climate change, air quality), including: 

• emissions from large combustion plants – 

LCP Directive (Directive 2001/80/EC); 

• national emission ceilings – NEC Directive 

(Directive 2001/81/EC); 

• CO2 emissions trading scheme – ETS (Di-

rective 2003/87/EC); 

• assessment of air quality and air quality 

management – AQ (Directive 1996/62/EC); 

• integrated pollution prevention and pollution 

control – IPPC Directive (Directive 

1996/61/EC). 

The Polish economy is heavily dependent on 

coal, and is particularly sensitive to the EU’s de-

termination to protect the environment. The EU is 

a political region with serious approach about the 

commitments related to the elimination of envi-

ronmental hazards, particularly for: climate change, 

biodiversity and air quality. The use of LCA in this 

sector is a good solution, since this technique al-

lows to identify specific environmental influences 

(among others: climate change, biodiversity and air 

quality), to determine their size, which allows for 

the accurate assessment, comparison, process opti-

mization or elimination. 

Environmental Life Cycle Assessment 

Investment and production processes are as-

sessed primarily in economic terms. In many cases, 

they may have a very large impact on the environ-

ment. To assess the investment, production pro-

cesses and individual products in terms of environ-

mental assessment the LCA (Life Cycle Assess-

ment) technique can be used [5]. Life cycle assess-

ment methodology is standardized and described in 

ISO 14040 series (Table 1). According to ISO, the 

analysis of LCA consists of four consecutive steps 

(see Fig. 1): 

1. Statement of purpose and scope (Goal and 

Scope Definition); 

2. Analysis of a set of inputs and outputs (LCI – 

Life Cycle Inventory); 

3. Life Cycle Impact Assessment (LCIA – Life 

Cycle Impact Assessment); 

4. Interpretation – at this stage the conclusions are 

formulated in accordance with purpose and 

scope established at the beginning of the  

research. At the same time in this phase the  
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optimization of environmental responsibility is 

done. 

To the implementation of the LCA a computer 

program SimaPro 7.1 and the procedure Eco Indi-

cator 99 were used. This procedure allows the une-

quivocal assignment of the 11 categories to three 

categories of impact damage, such as human health 

(Human Health), the quality of the ecosystem (Eco-

system Quality) and natural resources (Resources). 

Additionally, it enables to present the final results 

of LCA in the dimensionless unit referred to as the 

so-called eco-point [Pt] (Eco-indicator 99). Value 1 

Pt reflects the ratio of the total annual burden on the 

environment in Europe (emissions, the volume of 

consumption of raw materials) to the number of its 

inhabitants, and multiplying by 1000 (scale factor). 

In this way the Eco Indicator 99 of 1000 Pt corre-

sponds to an annual total environmental load per 

capita in Europe [6, 1]. 

The advantages of LCA, by which it is possible 

to use this technique to evaluate the power plant 

CHP, may include the fact that [9]: 

 LCA perspective is the “from cradle to grave”, 

so none step of the manufacturing process will 

be left; 

 LCA takes into account the major ecosystems 

and their components, enabling a full evaluation 

of the impact on the environment, and identifi-

cation of the individual consumption of envi-

ronmental resources (water, energy, non-

renewable raw materials, etc.); 

 On the one hand LCA recognizes data on the 

number of input materials and energy, and on 

the other the formation of pollution (emissions 

to air, water and soil) and waste within the  

selected functional units in combination with 

certain environmental media (air, water, soil); 

 LCA is a fundamental and universal technique 

for assessing the impact of industrial activities 

on the environment recommended to many sec-

tors of the economy by the EU; 

 LCA allows the development of environmental 

statements and the introduction of eco-labeling 

schemes. 

Table 1. The ISO 14040 series on LCA developed by Technical Committee ISO / TC 207 and their Polish equivalent (author’s own 

research based on [7]) 

Designation 

standards or  

ISO document 

Title 

Designation polish 

standards (PN)  

or ISO document 

Title (PN) 

ISO  

14040:2006 

Environmental management – Life cycle  

assessment – Principles and framework 

PN-EN ISO  

14040:2009 

Zarządzanie środowiskowe - Ocena cyklu 

życia – Zasady i struktura 

ISO  

14044:2006 

Environmental management – Life cycle  

assessment – Requirements and guidelines 

PN-EN ISO  

14044:2009 

Zarządzanie środowiskowe - Ocena cyklu 

życia – Wymagania i wytyczne 

ISO  

14045:2012 

Environmental Management – Eco-Efficiency 

Assessment Of Product Systems – Principles, 

Requirements And Guidelines (ISO 

14045:2012) 

PN-EN ISO  

14045:2012 

Zarządzanie środowiskowe - Ocena ekoefek-

tywności systemów wyrobów – Zasady, wy-

magania i wytyczne (U) 

ISO /TR 

14047:2003 

Environmental management – Life cycle im-

pact assessment – Examples of application of 

ISO 14042 

PKN-ISO/TR  

14047:2006 

Zarządzanie środowiskowe – Ocena wpływu 

cyklu życia – Przykłady stosowania ISO 

14042 

ISO/TS 

14048:2002 

Environmental management – Life cycle as-

sessment – Data documentation format 

Polska wersja  

specyfikacji  

dostępna w PKN 

Zarządzanie środowiskowe – Ocena cyklu 

życia – Format dokumentowania danych 

ISO/TR 

14049:2000 

Environmental management – Life cycle  

assessment – Examples of application of ISO 

14041 to goal and scope definition and  

inventory analysis 

Polska wersja  

raportu dostępna  

w PKN 

Zarządzanie środowiskowe – Ocena cyklu 

życia – Przykłady stosowania ISO 14041 do 

określania celu i zakresu oraz analizy zbioru 

 

Goal and scope definition 

Inventory analysis 

Impact assessment 

Interpretation 

Aplications: 

 product development  

and improvement, 

 strategic planning, 

 public policy making, 

 eco-policy making, 

 marketing, 

 others 

Life Cycle Assessment framework 

Fig. 1. LCA phases and their direct application [8] 
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 In addition, depending on the needs of the com-

pany and making decisions, LCA can be per-

formed at different levels of detail, as shown in 

table 2. 

Table 2. The use of LCA and the level of detail [9] 

No. Decision making 
Level of LCA 

conceptual simplified detail 

1. Designing + + – 

2. Product improvement – + + 

3. Comparative analysis – + + 

4. Eco-labeling – + – 

5. 
The establishment of 

standards 
– + – 

6. 
Development strategy 

planning 
+ + – 

7. Marketing – + + 

8. Policy-making product + – + 

 

Given the enormous time required to execute  

the LCA and difficulties in data collection, the 

technique has found its application in a variety of 

computer programs whose goal is to simplify and 

speed up the evaluation. One of them is a program 

SimaPro, developed by Pre Consultants (Product 

Ecology Consultants) from the Netherlands, and 

has produced the following assessment of CHP 

Lubin. 

Life cycle assessment (LCA) for the 
production of heat and electricity in CHP 
Lubin  

CHP Lubin is part of the company “Energetyka” 

Ltd. which deals with the production of heat and 

electricity. The owner of “Energetyka” Ltd. with 

one hundred percent participation is the KGHM 

Polska Miedź S.A. According to production data 

obtained from the “Energetyka” Ltd., CHP Lubin 

created in: 

• 2010 year – 1095171 GJ of heat (boiler) and 

45246 MWh of electricity; 

• 2011 year – 1354593 GJ of heat (boiler) and 

52821.7 MWh of electricity. 

The main raw material for the production of 

electricity and heat in CHP Lubin is coal. CHP 

Lubin also uses small amounts of biomass (2010 – 

17.4 Mg; 2011 – 130.2 Mg) for the production. The 

aim of the study is to determine the environmental 

impact generated by electricity and heat production 

based on coal with LCA, using a computer program 

SimaPro 7.1. As a functional unit and the unit of 

reference for describing the effect of the product 

system is 1 GJ of produced energy. 

The data that were used to research are from the 

years 2010 and 2011, and include items included in 

the system that are used in the production of elec-

tric energy – such as coal, biomass, water, electrici-

ty, and the elements coming from the production 

system: the number of produced electricity and 

heat, and all pollution generated during the produc-

tion such as gas, dust, ash, waste water, waste. 

Results of environmental life cycle assessment 

(LCA) for CHP Lubin for the three categories of 

damages are summarized in table 3 and figure 2.  

Table 3. The cumulative results of the LCA according to three 

categories of damage [author’s own research based SimaPro 

software version 7.1] 

No. Damage category Unit 
CHP Lubin 

2010 year 2011 year 

1. Human Health Pt 1.12 0.92 

2. Ecosystem Quality Pt –0.12 –0.11 

3. Resources Pt 3.17 3.43 

4. Total Pt 4.17 4.24 

 

Fig. 2. The cumulative results of the LCA according to three 

categories of damage [author’s own research based SimaPro 

software version 7] 

Results show that the greatest impact / burden 

on the environment is characterized by a category 

of “resources”, which in this case is 3.17 Pt in 2010 

and 3.43 Pt in 2011. Another important factor nega-

tively affecting the environment in relation to the 

three categories of damages is the category of “hu-

man health”. For this category, the production of 

energy in CHP Lubin generates environmental load 

size Eco Indicator: in 2010 – 1.12 Pt, in 2011 – 

0.92 Pt. On the other hand, with reference to the 

category of “ecosystem quality”, the environmental 

impact results from the process of production of 

electricity and heat is negative, and for the year 

2010 is equal to (–0.12 Pt) and for 2011 – (–0.11 

Pt). In this case, a negative Eco Indicator’s result 

should be interpreted as environmental benefit  
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rather than a burden. The environmental benefit is 

the profit derived from the fact that the use of high 

technology to avoid the issue of excessive amounts 

of dust and gas into the atmosphere. 

Analysis of the results in table 3 demonstrate 

that the increase in production in CHP Lubin from 

2010 to 2011 years similarly caused a total Eco 

Indicator increase from 4.17 Pt to 4.24 Pt. 

Analyzing the results of the LCA for the 11  

impact categories (Table 4 and Fig. 3), it should be 

noted that definitely the greatest impact on the  

environment has category “fossil fuels”, which, 

together with the category of “minerals” create the 

category of damages “raw materials”. The catego-

ries of “respiratory organics”, “climate change” and 

category “respiratory inorganics” also have a no-

ticeable influence. Other impact categories have 

little effect on the final result of LCA. Thus, the 

analysis of the results clearly shows that the main 

factor which proceed to the result of LCA is use of 

non-renewable natural resource for the production, 

such as coal. 

Lubin power plant due to the use of CHP  

(cogeneration) reaches a negative result for damag-

es in category “ecosystem quality”, which largely 

contributes to the total environmental burden (Ta-

bles 3 and 4). Negative values obtained in the case 

of CHP Lubin should be interpreted as environmen-

tal benefit, which does not mean, however, that heat 

has a positive effect on the environment, but points 

that the use of high-efficiency power generation, 

flue gas cleaning (negative Eco Indicator in catego-

ries: carcinogens, ecotoxicity and acidification / 

eutrophication), and recovery of waste through the 

sale of slag to specialized firms (reduced environ-

mental load caused by the disposal of waste on land 

– land use category – 0.00 Pt). 

Table 4. The cumulative results of the LCA according to 11 

impact categories [author’s own research based SimaPro soft-

ware version 7.1] 

No. Impact category Unit 
CHP Lubin 

2010 year 2011 year 

1 Carcinogens Pt –0.15 –0.14 

2 Respiratory organics Pt 0.00 0.00 

3 Respiratory inorganics Pt 0.79 0.69 

4 Climate changes Pt 0.48 0.37 

5 Radiation Pt 0.00 0.00 

6 Ozone layer Pt 0.00 0.00 

7 Ecotoxicity Pt –0.11 –0.10 

8 Acidification/ Eutrophication Pt –0.01 –0.01 

9 Land use Pt 0.00 0.00 

10 Minerals Pt 0.00 0.00 

11 Fossil fuels Pt 3.17 3.43 

12 Total Pt 4.17 4.24 

 

In 2010, for electricity production in CHP Lubin 

59074.86 Mg of coal was used, in 2011 – 75142.09 

Mg, which represents only a small percentage of 

this resource in Poland. CO2 emissions were at 

level 135.8 thousand Mg in 2010 and 160.5 thou-

sand Mg in 2011 year. SO2 emissions were at the 

level 538 Mg in 2010, 584 Mg – 2011, and dust 

emissions at the level of 242 Mg in 2010 and 268 

Mg in 2011 year. The increase in gas and dust 

emissions was due to the increase in production in 

the studied years. 

Despite the visible environmental impact of en-

ergy production from coal, it is because of the cost 

of generating electricity using other raw materials 

or energy production based on renewable energy 

sources, do not expect a significant reduction in 

electricity generation at power plants and coal-fired 

CHPs. Also significant deposits of coal in Polish 
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Fig. 3. The cumulative results of the LCA according to 11 impact categories [author’s own research based SimaPro software version 

7.1] 
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(according to data from 2006 [3] geological re-

sources amount to 25 557 million tones, of which 

15 350 million tones are the balanced resources – 

60%), despite of the substantial loss in the last 20 

years, it doesn’t motivate to quick withdraw from 

the production of energy by using this energy 

source. It should be emphasized that impact of the 

production of electricity and heat described in this 

paper concerns on the environmental costs of pro-

ducing 1 GJ, which means that in order to calculate 

the annual environmental impact of the installation 

should be multiplied by the amount of power gen-

erated in the plant. 

Conclusions 

Application of LCA to evaluate the production 

of CHP Lubin is correct, because it shows to what 

extent and in what parts of the environment the 

process of production of electricity and heat affects 

environment. Energy production in the studied 

plant shows the environmental benefit that can be 

achieved through the use of CHP / cogeneration of 

electricity and heat. Cogeneration results in less 

demand for energy resources, reducing negative 

impact on the environment. Another advantage of 

CHP is the use of high-efficiency and innovative 

system for dust removal and elimination of gaseous 

emissions. 

Due to the large deposits of coal in Poland, do 

not expect a sudden resignation from the primary 

energy source. Taking into account the charges re-

lated to excessive emissions of harmful substances 

established in the atmosphere which started at the 

beginning of 2013 and are paid by Poland, the use 

of coal for power generation will become less prof-

itable or will have to increase the price of electricity 

produced using this material, which of course raise 

large social dissatisfaction. 
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