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1 Summary 

Life cycle assessment is a technique to assess environmental aspects associated with a product 

or process by identifying energy, materials, and emissions over its life cycle in InDeal Project. 

The energy analysis includes four stages of a life cycle: material production phase, 

manufacturing phase, use phase, and end-of-life phase. Sustainable production and 

consumption can only be achieved if all market actors take their own responsibility. The 

ultimate goal is therefore taking into account environment in every decision-making process 

by industry, retailers and consumers. This is done by establishment of a systematic drive for 

continuous improvement of the life cycle environmental performance of products and 

processes within all sorts of enterprises by integrating environmental aspects in strategic 

management decision. Designers must make many decisions especially when designing 

complex products. Moreover, the results of LCA are mostly not straightforward in favor of one 

product or material design over the alternative one. Results of LCA must be interpreted or 

weighed. The Eco-indicator methodology is an LCA weighting method specially developed for 

product design. This method has proved to be a powerful tool for designers to aggregate LCA 

results into easily understandable and user-friendly numbers or units, the so-called Eco-

indicators. 

 

The Levelized Cost of Energy (LCoE) methodology discounts the time series of expenditures 

and incomes to their present values in a specific base year. It provides the costs per unit of 

electricity generated which are the ratios of total lifetime expenses (net present value) versus 

total expected electricity generation, the latter also expressed in terms of net present value. 

These costs are equivalent to the average price that would have to be paid by consumers to 

repay all costs with a rate of return equal to the discount rate. The purpose of the LCoE 

Calculator is to assess the cost of different electricity sources from a societal perspective. In 

many aspects the societal perspective differs from the financial perspective or the developer’s 

perspective. It reflects a socio-economic discount rate, and it takes into consideration as many 

external impacts as possible. The LCoE Calculator provides a framework to include the most 

important cost elements in a socio-economic evaluation of power generation technologies. The 

standard LCoE calculation focuses merely on the direct costs of the power plant owner. The 

LCoE Calculator also includes climate costs, the cost of air pollution (and other environmental 

externalities) as well as system integration costs. 
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2 Introduction 

2.1 Purpose and scope 

The following Life Cycle Assessment study was performed in order to provide detailed data 

about environmental, economic and social impact of two InDeal project’s solutions. The first 

one is of innovative insulation material for DHC piping system, whilst the other 

is the intelligent tool that predicts the energy demand for the plant and optimize 

its performance. The tool is compounded by several different technologies that altogether 

constitute a prediction tool for DHC.  

The first technology, organic insulation material from nano-cellulose fibers, aims to be 

a competitive material for traditionally used PUR foams. For this reason, the report aims 

at investigation on social, environmental and economic impact of processing nano-cellulose 

fibers to compare them to PUR foam. These three values can be further used to attract 

the manufacturers in investing in more environmental-friendly solutions.  

The second technology, InDeal prediction tool, will influence strongly the operation 

of the plant, increasing its efficiency and reducing the fuel usage. That is why the main impact 

is assessed in terms of environmental benefits. The lower fuel usage is directly linked 

to the emissions. In addition, life cycle cost analysis will be performed to assess the savings.  

Both of the technologies will also have their proper life cycle that would determine 

the durability of the developed material and of equipment. That is why, aspects as maintenance 

and installation were also investigated.  

The main application of the LCA will be development and improvement of the results of the 

project. It also shows added value of the InDeal project’s results for environment and people 

in comparison with existing technology. The LCA is a public report, so every interested person 

have a possibility to read this document, know the benefits resulting from InDeal project and 

use the results of the LCA study.  

The LCA study consists of 4 parts. The first one is Life Cycle Inventory (LCI) that is about 

collection of data about inputs and outputs during production and operation of early mentioned 

technologies of InDeal project. The second part is Life Cycle Impact Assessment focused on 

calculation of the environmental and social impact of these technologies. The LCIA was done 

separately for production of the insulation material and for heat/cold generation plants. In the 

next part conclusions were drawn from the LCIA as an interpretation of the results of impact 

analysis. As the last, fourth part Life Cycle Cost Analysis for InDeal technologies was done to 

assess the economic impact of the project. 
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2.2 Target groups 

Groups interested in this deliverable can be scientific and research communities. LCA studies 

are more and more popular today and are often a subject of scientific publications. Results 

of the analysis, mainly these focused on the production phase of product are interesting 

for manufacturers. They can study the results related to similar products, compare them with 

their own production process, and can try to improve the production to be more efficient and 

to have less impact on environment and people. The data described in this report are also 

a source of inputs for life cycle inventory data bases. They are continuously updated sources 

of information about inputs and outputs related to various processes and products.  

The main target group for this LCA report are manufacturers of insulation materials and 

operators of heat/cold generation plants. These results will allow to develop the production 

of newer materials and will give some tips for better, more efficient operation and maintenance 

of the generation plants. 

 

2.3 Contributions of Partners 

InDeal Partners which participated in preparation of this D6.4 Life Cycle Assessment were: 

• IZNAB – IZNAB Sp. z o.o., 

• NAITEC / CEMITEC – Fundación CETENA (The Multidisciplinary Centre of 

Technologies for Industry), 

• ENERGETIKA – Energetika Projekt D.o.o., 

• SNCU – Syndicat national du chauffage urbain et de la climatisation urbaine (SNCU), 

member of Fédération des Services Energie Environnement (FEDENE). 

 

To proceed with the LCA/LCCA analysis, three different templates were prepared: 

• ‘Life Cycle Inventory template’ (Appendix I) – for data about inventory of life cycle of 

the new insulation material. In this template NAITEC (CEMITEC) provided 

information about inputs and outputs during production of the insulation material. Also 

in this template cost data for materials and production process was delivered. 

• ‘Real case study plant template’ (Appendix II) – for data about operation and 

maintenance of the real case study plants. It was sent to ENERGETIKA and SNCU as 

the real case study plants’ operators. Partners provided necessary data twice, before and 

after implementation of InDeal technologies in their DHC plants. 
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• ‘Life Cycle Cost Analysis template’ (Appendix III) – for information about cost for 

Real Case Study plants in InDeal project. ENERGETIKA and SNCU provided data 

about cost of operation of the generation plants and average cost of maintenance of the 

DHC network considering repairs. 

 

2.4 Relation to other activities 

This D6.4 Life Cycle Assessment was prepared in cooperation with the leaders 

of T2.2 Development of a new sustainable insulation material to reduce heat losses (NAITEC 

/ CEMITEC), T6.5 Real case study A – District Heating (ENERGETIKA) and T6.6 Real case 

study B – District Heating and Cooling (SNCU). During these tasks necessary data were 

obtained and provided to IZNAB by the use of prepared templates.  

Results of this deliverable like interpretation of LCA and LCCA are an input for update of 

exploitation plan of InDeal project in D7.5 Final PUDK. The results allow to update business 

model and value proposition of InDeal solution considering its economic and environmental 

impact.  

 

2.5 Baseline 

Methodology of the Life Cycle Assessment study was defined based on and in accordance with 

two international standards: 

• ISO 14040:2006 – Environmental management – Life cycle assessment – Principles 

and framework 

• ISO 14044:2006 – Environmental management – Life cycle assessment – Requirements 

and guidelines. 

 

2.6 Methodology 

The Life Cycle Assessment (LCA) inventory analysis for the new insulation material 

is prepared. All inputs and outputs are calculated considering InDeal insulation material life 

cycle from processing of the material. Inputs are raw materials and water which were taken 

from the environment and generated electricity, used mainly in production of the product and 

fuels combustion in transport of the product and its raw materials. Output are water used in 

production and the final product. They should be assessed during life cycle of the product to 

know their impact on environment and people. 
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Impact assessment is divided in two parts: for the new insulation material and for heat/cold 

generation plants. The main calculated factors are emissions to air, soil or water considered in 

the aspect of global warming potential, photochemical ozone creation, acidification and 

toxicity for people. 

To achieve conclusion and identify the limitations for InDeal technology detailed interpretation 

of the impact assessment results is done. The project’s solutions are compared with the 

environmental and societal impact of standard polyurethane insulation material and standard 

heat/cold generation plants (before installation). 

The last part of the report is Life Cycle Cost Analysis (LCCA). The main aim of this part 

is to assess the InDeal project’s solutions in the cost dimension – economical aspect regarding 

also environmental and societal impact.  

 

Figure 1 Methodology of the LCA and LCCA study 

 

2.6.1 Life Cycle Inventory 

For the Life Cycle Inventory Analysis (LCI) inputs and outputs were identified for the 

production process of the insulation material and for operation of the DHC systems. Inputs are 

raw materials, fuels, electricity, chemicals used in production of the insulation material and 

mainly fuels and electricity for heat/cold production the real case study plants. Outputs are 

pollutants emitted to air, water and soil, like e.g. greenhouse gases, heavy metals, volatile 

organic compounds, which have an impact of environment and people. Templates for data 

collection were prepared and send to the project partners responsible for production of the 

insulation material and real case study plants. They provided the information about inputs and 

outputs 

 

2.6.2 Life Cycle Impact Assessment 

During the life cycle of the cellulose nanofibers insulation material raw material for cellulose 

in form of wood has to be acquired by harvesting and then transported. In both cases fossil 

fuels are combusted. It is the same in the case of the heat/cold generation plants where thermal 

energy is produced by fuels combustion. In the combustion process greenhouse gases are 

emitted to air. They cause the greenhouse effect related to climate change. Also some gases 
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emitted in combustion process are so called acid producers. In the atmosphere they can mix 

with the water contained in the air and create acid rains, harmful for people and environment. 

During the same process and transport some gases and dust are emitted to the air and can create 

smog which also is harmful for people’s health. Some compounds like heavy metals are also 

emitted.  

To assess the impact of InDeal’s solution impact categories were selected based on pollutants 

emitted. The impact cathegories are divided into: 

• Depletion of abiotic resources (ADF); 

• Acidification potential (AP); 

• Eutrophication; 

• Global Warming Potential (GWP); 

• Ozone Depletion Potential (ODP); 

• Human Toxicity Potential (HTP); 

 

Depletion of abiotic resources (ADF) 

This impact category indicator is related to extraction of minerals and fossil fuels due to inputs 

in the system. The Abiotic Depletion Factor (ADF) is determined for each extraction of 

minerals and fossil fuels (kg antimony equivalents/kg extraction) based on concentration 

reserves and rate of deaccumulation. 

 

Acidification potential (AP) 

Acidification is related with emission of sulfur oxides and nitrogen oxides or ammonia to air. 

These compounds can mix with water in the air and cause acid rains. The reference 

is SO2 equivalent for each gases emitted expressed in [kg] which are shown in Error! 

Reference source not found.. 

Table 1. SO2 equivalents for the acid producers [3] 

Name Symbol SO2eq. [kg] 

Sulfur dioxide SO2 1.00 

Nitrogen dioxide NO2 0.70 

Ammonia NH3 0.93 

Hydrogen sulfide H2S 1.88 

Hydrogen chloride HCl 0.88 

Hydrogen fluoride HF 1.60 
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AP is a sum of impacts of each pollutant expressed in [kg SO2eq.]. For each pollutant 

it is calculated according to formula 2: 

𝐴𝑃 = ∑(𝑝𝑖 ∙ 𝑆𝑂2𝑒𝑞.)
𝑛=𝑖

= [𝑘𝑔 𝑆𝑂2𝑒𝑞.]                                                                                                 (2) 

where 𝑝𝑖 is mass of specific pollutant expressed in [kg]. 

 

Eutrophication 

Eutrophication (also known as nutrification) includes all impacts due to excessive levels of 

macro-nutrients in the environment caused by emissions of nutrients to air, water and soil, and 

is expressed as kg PO4 equivalents per kg emission. 

 

Global Warming Potential (GWP) 

Because of the fact that in the two real case studies heat is generated by burning of the fuels 

greenhouse gases are emitted to air. Global warming potential (GWP) defines the impact of the 

greenhouse gases on climate change. It is usually referred to 20-years or 100-years time 

horizon. The characterization factor of GWP is value of CO2 equivalent for pollutants emitted 

to air expressed in kilograms of CO2 per 1 kg of pollutant. The three main greenhouse gases 

considered in GWP are carbon dioxide, methane and nitrogen oxide. [1] CO2 equivalent values 

are presented in Table 2. Methane value after 100 years is lower than after 20 years because 

methane’s life cycle in the air is shorter than 100 years. So due to disintegration its 

concentration decreases. 

Table 2. CO2 equivalents for the three main greenhouse gases [2] 

Name Symbol CO2eq. [kg]  

20 years 

CO2eq. [kg] 

100 years 

Carbon dioxide CO2 1.00 1.00 

Methane CH4 75.00 25.00 

Nitrogen oxide N2O 289.00 298.00 

 

GWP is a sum of impacts of each pollutant expressed in [kg CO2eq.]. For each pollutant 

it is calculated according to formula 1: 

𝐺𝑊𝑃 = ∑(𝑝𝑖 ∙ 𝐶𝑂2𝑒𝑞.)

𝑛=𝑖

= [𝑘𝑔 𝐶𝑂2𝑒𝑞.]                                                                                            (1) 

where 𝑝𝑖 is mass of specific pollutant expressed in [kg]. 
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Ozone depletion potential (ODP) 

Ozone Depletion Potential (ODP) values have been established mainly for hydrocarbons 

containing combined bromine, fluorine and chlorine, or CFCs. Here too, one of the substances 

(CFC-11) has been adopted as a reference. As for the greenhouse effect, we have added values 

for CFC (hard) and CFC (soft). The ODP equivalents for these groups are again those of CFC-

12 and HCFC-22 respectively. 

 

Human toxicity potential (HTP) 

This category defines impact of compounds most harmful to people released into the air, water 

and soil. Pollutants included in HTP are volatile compounds and non-methane volatile 

compounds form transport, heavy metals, sulfur dioxide, nitrogen oxides, chlorinated organic 

compounds and particulate matters. HTP is also divided into caused by emissions to air, water 

and soil. The reference is 1,4-dichlorobenzene equivalent [kg 1,4-DCBeq.]. This value for each 

compound is presented in Error! Reference source not found.. 

HTP is a sum of impacts of each pollutant expressed in [kg 1,4-DCBeq.]. For each pollutant it is 

calculated according to formula 4: 

𝐻𝑇𝑃 = ∑[𝑝𝑖 ∙ (1,4𝐷𝐶𝐵𝑒𝑞.)]
𝑛=𝑖

= [𝑘𝑔 1,4𝐷𝐶𝐵𝑒𝑞.]                                                                            (4) 

where 𝑝𝑖 is mass of specific pollutant expressed in [kg]. 

 

Photochemical ozone creation potential (POCP)  

This criteria is related to industry and energy production. The main pollutant for POCP are 

nitrogen oxides, volatile organic compounds and carbon monoxide produced during fuels 

combustion. The reference for POCP is ethane equivalent [kg C2H4eq.]. 

POCP is a sum of impacts of each pollutant expressed in [kg C2H4eq.]. For each pollutant 

it is calculated according to formula 3: 

𝑃𝑂𝐶𝑃 = ∑(𝑝𝑖 ∙ 𝐶2𝐻4𝑒𝑞.)
𝑛=𝑖

= [𝑘𝑔 𝐶2𝐻4𝑒𝑞.]                                                                                      (3) 

where 𝑝𝑖 is mass of specific pollutant expressed in [kg]. 

 

2.6.3 Data quality analysis 

To check quality of data used in LCA study the methodology of pedigree matrix will be used, 

described in Guidance on Data Quality Assessment for Life Cycle Inventory Data of United 
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States Environmental Protection Agency [8] and in ecoinvent 3 overview and methodology [9]. 

According to this the data quality is assessed for each input and output in LCI phase by five 

(5) indicators: 

• reliability 

• completeness 

• temporal correlation 

• geographic correlation 

• further technological correlation. 

For each indicator quality is define in 1-5 scale as presented in Table 3. The most accurate data 

have only 5 point after assess by 5 indicators. The less points the more reliable data. 

Table 3. Pedigree matrix [9] 

Indicator score 1 2 3 4 5 

Reliability 

Verified 

data based 

on 

measureme

nts 

Verified data 

partly based 

on 

assumption or 

non-verified 

data based on 

measurements 

Non-verified 

data partly 

based on 

qualified 

estimates 

Qualified 

estimate (e.g. 

by industrial 

expert) 

Non-qualified 

estimate 

Completeness 

Representat

ive data 

from all 

sites 

relevant for 

the market 

considered, 

over an 

adequate 

period to 

even out 

normal 

fluctuations 

Representativ

e data from 

>50% of the 

sites relevant 

for the market 

considered, 

over an 

adequate 

period to even 

out normal 

fluctuations 

Representativ

e data from 

only some 

sites (<<50%) 

relevant for 

the market 

considered or 

>50% of sites 

but from 

shorter 

periods 

Representativ

e data from 

only one site 

relevant for 

the market 

considered or 

some sites but 

from shorter 

periods 

Representativenes

s unknown or data 

from a small 

number of sites 

and from shorter 

periods 

Temporal 

correlation 

Less than 3 

years of 

difference 

to the time 

period of 

the dataset 

Less than 6 

years of 

difference to 

the time 

period of the 

dataset 

Less than 10 

years of 

difference to 

the time 

period of the 

dataset 

Less than 15 

years of 

difference to 

the time 

period of the 

dataset 

Age of data 

unknown or more 

than 15 years of 

difference to the 

time period of the 

dataset 

Geographic 

correlation 

Data from 

area under 

study 

Average data 

from larger 

area in which 

the area under 

study is 

included 

Data from 

area with 

similar 

production 

conditions 

Data from 

area with 

slightly 

similar 

production 

conditions 

Data from 

unknown or 

distinctly different 

area (North 

America instead 

of Middle East, 

OECD-Europe 

instead of Russia) 
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Further 

technological 

correlation 

Data from 

enterprises, 

processes 

and 

materials 

under study 

Data from 

processes and 

materials 

under study 

(i.e. identical 

technology) 

but from 

different 

enterprises 

Data from 

processes and 

materials 

under study 

but from 

different 

technology 

Data on 

related 

processes or 

materials 

Data on related 

processes on 

laboratory scale 

or from different 

technology 

 

The matrix is also used to define overall uncertainty of data. For each input and output in LCI 

analysis the parameter is calculated according to the formula 6: 

𝜎2 = ∑ 𝜎𝑛
2

6

𝑛=1

                                                                                                                                            (6) 

where: 

𝜎1
2 – basic uncertainty (variance measured or estimated according to Table 4) 

𝜎2
2 – uncertainty factor (variance) of reliability distribution (Table 5) 

𝜎3
2 – uncertainty factor (variance) of completeness distribution (Table 5) 

𝜎4
2 – uncertainty factor (variance) of temporal correlation distribution (Table 5) 

𝜎5
2 – uncertainty factor (variance) of geographical correlation distribution (Table 5) 

𝜎6
2 – uncertainty factor (variance) of other technological correlation distribution (Table 5). 

The uncertainty can result from error of measuring devices or human activities. 

 

Table 4. Basic uncertainty for inputs and outputs [9] 

Input / output Combustion 

emission 

Production 

emission 

Demand of   

thermal energy, electricity, semi-finished products, working 

material, waste treatment services 

0.0006 0.0006 

Transport services (km) 0.12 0.12 

Infrastructure 0.3 0.3 

Resources   

Primary energy carriers, metals, salts 0.0006 0.0006 

Land use, occupation 0.04 0.04 

Land use, transformation 0.12 0.12 

Pollutants emitted to water   

BOD, COD, DOC, TOC, inorganic compounds (NH4, PO4, 

NO3, Cl, Na etc.) 

 0.04 

Individual hydrocarbons, PAH  0.3 

Heavy metals  0.65 

Pollutants emitted to soil   

Oil, hydrocarbon total  0.04 

Heavy metals  0.04 

Pollutants emitted to air   
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CO2 0.0006 0.0006 

SO2 0.0006  

NMVOC total, NOx, N2O, CH4, NH3 0.04  

Individual hydrocarbons 0.04 0.12 

PM>10 0.04 0.04 

PM10 0.12 0.12 

PM2.5 0.3 0.3 

Polycyclic aromatic hydrocarbons (PAH) 0.3  

CO, heavy metals 0.65  

Inorganic emissions, others  0.04 

 

Table 5. Uncertainty factors [9] 

Indicator score 1 2 3 4 5 

Reliability 0.000 0.0006 0.002 0.008 0.04 

Completeness 0.000 0.0001 0.0006 0.002 0.008 

Temporal correlation 0.000 0.0002 0.002 0.008 0.04 

Geographic correlation 0.000 2.5e-5 0.0001 0.0006 0.002 

Further technological correlation 0.000 0.0006 0.008 0.04 0.12 

 

For the purpose of this report the quality analysis has been done internally by IZNAB and is 

not included in the scope of this report. 

 

2.6.4 Life Cycle Cost Assessment 

The LCCA provides information about economic impact of InDeal solutions. Basing on data 

provided by ENERGETIKA and SNCU in the Life Cycle Cost Analysis template information 

about cost of operation of DHC plants were delivered. Economic impact of implementation 

of InDeal technology in case-study plants (i.e. ENERGETIKA and SNCU) is analysis by 

comparison of cost data before and after implementation of the new solutions. By comparison 

of cost of heat/cold generation in plants before and after application of InDeal tools, it will be 

allowed to estimate how the changes will influence the price of heat/cold for end-users. 

 

2.6.5 LCA interpretation 

The interpretation of obtained results in form of number values for each impact categories will 

be performed. In this part the main issues (impacts) of the life cycle of the new insulation 

material and of operation of heat/cold generation plants will be identified.  

The results of the study will be evaluated what will include checks of completeness, 

consistency and sensitivity. Completeness check is to verify if all data obtained during LCI and 

LCIA phases are sufficient. Consistency check verifies if all data and methods were adopted in 

the study and if it was done like defined in goal and scope. [10]
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3 Life Cycle Analysis studies 

3.1 Analyzed parts of InDeal project 

3.1.1 The new insulation material for pipes 

The InDeal insulation is produced from cellulose nanofibers in freeze-drying process. Wood is 

source of cellulose. Wood chipping is proceeding for the fragmentation of wood material which 

is necessary for further processing. Then the wood chips are pretreated to extract cellulose from 

them. It is steam explosion process, where material is pressurized in high temperature for one 

hour with water steam and addition of chemicals for better reaction. After this material is 

suddenly decompressed to atmospheric pressure. It causes separation of celluloses fibers. The 

biggest input in this process is water and electricity. 

Acid hydrolysis is a process in which cellulose nanofibers are separating. H2SO4 is added 

for this process, but also big amount of water and deionized water for acid neutralization and 

washing the obtained material.  

Then obtained nanofibers are freeze-dried. This is the main production process in InDeal 

project. The material is frozen and then defrosted in very low pressure what let the water from 

the thawed material immediately goes into steam, without liquid phase. In frozen material 

template for nanofibers was created. After freeze-drying process dried nanofibers stay in the 

template creating nanofiber insulation material. The freeze-drying production is 90 hours long 

and beside cellulose nanofibers only water and electricity are used. 

The new material has density of 15 kg/m3.  

Further technical properties will be provided after NAITEC’s (CEMITEC’s) tests on the 

insulation material. 

 

Competitive PUR insulation 

The cellulose nanofiber insulation is compared in this study with PUR-hard foam insulation 

used for ISOPLUS steel pipes for DHC. Its maximal density is 60 kg/m3 and thermal 

conductivity λ = 0.0240 W/(m∙K). 

 

3.1.2 Real case study plants 

3.1.2.1 Vransko district heating system (ENERGETIKA; Slovenia) 

Vransko DHS generates and distributes heat in Vransko municipality from 2003, and 

is operated by Energetika Projekt d.o.o. (ENERGETIKA). The main source of heat are 

2 biomass boilers of power 2 MW and 1.2 MW respectively. Fuel for the biomass boilers are 
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wood chips with 25-35% of moisture content. The third, oil boiler of power 1.5 MW is used 

are reserve heat source. Beside the boilers there is also solar collectors installation with surface 

of panels 840 m2 and of power 370 kW, supporting the biomass system in hot water preparation 

for the city. Heat is also produced in CHP biomass plant of power 120 kW where wood is 

processed by gasification. 

The DH plant operates the whole year, 8760 hours/year. During the year for heat generation 

3 094 t of wood chips is combusted. Electricity used for functioning of the system 

is 98.47 MWh per year.  

During the year thermal power distributed to the DH network from following sources is: 

• 4 658 MWh from 2 biomass boilers 

• 54.9 MWh from biomass CHP 

• 317 MWh from solar system. 

The DH network is 12.1 km long and works with supply temperature in the range 90-55°C 

in the year. The network supplied in heat the area of 1.2 km2. 

3.1.2.2. Montpellier district heating and cooling system (SNCU; France) 

The DHCS in Montpellier was built in the 1970s and is operated by SERM (Société 

d'Équipement de la Region Montpelliéraine). The part of the network being the Real Case 

Study of InDeal project is extension built in 2000. It is created by 2.3 km of heating and cooling 

networks.  

Heat is generated by 3 gas boilers, each of power 3 MW, and by biomass plant of power 

4.5 MW where heat is provided through heat exchanger, supporting the gas boilers in during 

winter. Cold is generated by 4 Carrier CHP plants, 2 of power 600 kW and 2 of power 760 kW. 

In the thermal energy distributed from CHP plants 60% is renewable energy. The next cold 

sources are 3 power plants, each of power 3 MW.  

The DHS works with supply temperature during the year in the range 60-50°C and return 

temperature 40°C. For DCS the working temperatures are constant, and they are 7/-13°C. 

The system operates in the whole year, 8760 hour per year. The heat generation consumes 

during the year 2060 kg of biomass, 2219 kg of gas. For cold generation 49 000 m3 of water 

and 7.2 MWh of electric power is used in a year. 

During the year thermal power distributed to the DHS from following sources is: 

• 5.16 MWh from biomass plant 

• 5.4 MWh from gas boilers 

• 0.8 MWh from heat exchangers. 
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By use of electricity 16.45 MWh of cooling thermal power is produced in a year. 

 

3.2 Life Cycle Environmental Impact Assessment 

3.2.1 InDeal CNF insulation & PUR insulation  

 

Figure 2. Impact Assessment for InDeal CNF insulation and PUR insulation (Blue color: InDeal CNF insulation; 

Orange color: PUR insulation) 

Substance Unit InDeal CNF 

insulation 

PUR insulation 

Total of all compartments kg Sb 

eq 

0,000431 0,003485 

Remaining substances kg Sb 

eq 

7,03E-07 5,39E-06 

Coal, hard kg Sb 

eq 

0,00014 0,00106 

Gas, natural/m3 kg Sb 

eq 

7,18E-05 0,000559 

Oil, crude kg Sb 

eq 

6,58E-05 0,00053 

Cadmium kg Sb 

eq 

6,44E-05 0,000579 

Lead kg Sb 

eq 

4,39E-05 0,000395 

Coal, brown kg Sb 

eq 

2,75E-05 0,000206 

Silver, 0.007% in sulfide, Ag 0.004%, Pb, 

Zn, Cd, In 

kg Sb 

eq 

8,73E-06 7,85E-05 

Zinc kg Sb 

eq 

5,81E-06 5,22E-05 

Method: CML 2001 (all impact categories) V2.05 / the Netherlands, 1997 / Normalisation

Comparing 0,15 kg 'InDeal CNF insulation' with 0,6 kg 'Cellulose PUR insulation';
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Gas, mine, off-gas, process, coal 

mining/m3 

kg Sb 

eq 

1,76E-06 1,34E-05 

Xenon kg Sb 

eq 

8,56E-07 6,47E-06 

Table 6. Abiotic depletion for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF insulation PUR insulation 

Total of all compartments kg SO2 eq 0,00072 0,005349 

Remaining substances kg SO2 eq 4,77E-07 3,62E-06 

Sulfur dioxide kg SO2 eq 0,00059 0,00427 

Nitrogen oxides kg SO2 eq 0,000101 0,000839 

Ammonia kg SO2 eq 2,07E-05 0,000181 

Hydrogen chloride kg SO2 eq 4,55E-06 3,45E-05 

Hydrogen fluoride kg SO2 eq 1,39E-06 1,12E-05 

Sulfuric acid kg SO2 eq 1,38E-06 9,28E-06 

Table 7. Acidification for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR insulation 

Total of all compartments kg PO4--- 

eq 

0,000232 0,001954 

Remaining substances kg PO4--- 

eq 

2,56E-07 2E-06 

Phosphate kg PO4--- 

eq 

0,000181 0,001513 

Nitrogen oxides kg PO4--- 

eq 

2,64E-05 0,000218 

Nitrate kg PO4--- 

eq 

1,67E-05 0,000154 

Ammonia kg PO4--- 

eq 

4,52E-06 3,97E-05 

COD, Chemical Oxygen 

Demand 

kg PO4--- 

eq 

1,99E-06 1,5E-05 

Ammonium, ion kg PO4--- 

eq 

9,39E-07 8,67E-06 
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Nitrogen kg PO4--- 

eq 

2,58E-07 1,84E-06 

Phosphorus kg PO4--- 

eq 

2,49E-07 1,71E-06 

Table 8. Eutrophication for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR insulation 

Total of all compartments kg CO2 

eq 

0,054116 0,417329 

Remaining substances kg CO2 

eq 

6,56E-05 0,000529 

Carbon dioxide, fossil kg CO2 

eq 

0,044076 0,340744 

Methane, fossil kg CO2 

eq 

0,00782 0,059577 

Dinitrogen monoxide kg CO2 

eq 

0,000965 0,007819 

Carbon dioxide, land 

transformation 

kg CO2 

eq 

0,000655 0,004647 

Methane, biogenic kg CO2 

eq 

0,000238 0,001715 

Carbon monoxide, fossil kg CO2 

eq 

0,000216 0,001693 

Sulfur hexafluoride kg CO2 

eq 

8,03E-05 0,000606 

Table 9. Global Warming 20a for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR insulation 

Total of all compartments kg CO2 

eq 

0,046647 0,360344 

Remaining substances kg CO2 

eq 

3,26E-05 0,000241 

Carbon dioxide, fossil kg CO2 

eq 

0,044076 0,340744 

Methane, fossil kg CO2 

eq 

0,000883 0,006726 
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Carbon dioxide, land 

transformation 

kg CO2 

eq 

0,000655 0,004647 

Dinitrogen monoxide kg CO2 

eq 

0,000547 0,004435 

Carbon monoxide, fossil kg CO2 

eq 

0,000216 0,001693 

Sulfur hexafluoride kg CO2 

eq 

0,000172 0,001299 

Methane, tetrafluoro-, CFC-14 kg CO2 

eq 

6,48E-05 0,000558 

Table 10. Global Warming 500a for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR 

insulation 

Total of all compartments kg CFC-11 

eq 

3,99E-09 3,11E-08 

Remaining substances kg CFC-11 

eq 

6,99E-13 5,3E-12 

Methane, bromotrifluoro-, Halon 1301 kg CFC-11 

eq 

1,92E-09 1,54E-08 

Methane, bromochlorodifluoro-, 

Halon 1211 

kg CFC-11 

eq 

9,33E-10 7,06E-09 

Methane, chlorodifluoro-, HCFC-22 kg CFC-11 

eq 

5,28E-10 4,06E-09 

Methane, tetrachloro-, CFC-10 kg CFC-11 

eq 

4,85E-10 3,61E-09 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-

, CFC-113 

kg CFC-11 

eq 

7,84E-11 5,83E-10 

Ethane, 1,1,1-trichloro-, HCFC-140 kg CFC-11 

eq 

2,5E-11 1,9E-10 

Ethane, 2-chloro-1,1,1,2-tetrafluoro-, 

HCFC-124 

kg CFC-11 

eq 

1,97E-11 1,46E-10 

Table 11. Ozone layer depletion 5a for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR 

insulation 

Total of all compartments kg CFC-11 

eq 

3,43E-09 2,68E-08 
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Remaining substances kg CFC-11 

eq 

6,87E-13 5,21E-12 

Methane, bromotrifluoro-, Halon 1301 kg CFC-11 

eq 

2,02E-09 1,62E-08 

Methane, bromochlorodifluoro-, 

Halon 1211 

kg CFC-11 

eq 

5,87E-10 4,43E-09 

Methane, tetrachloro-, CFC-10 kg CFC-11 

eq 

4,39E-10 3,27E-09 

Methane, chlorodifluoro-, HCFC-22 kg CFC-11 

eq 

2,78E-10 2,14E-09 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-

, CFC-113 

kg CFC-11 

eq 

9,12E-11 6,79E-10 

Ethane, 1,1,1-trichloro-, HCFC-140 kg CFC-11 

eq 

6,32E-12 4,81E-11 

Ethane, 2-chloro-1,1,1,2-tetrafluoro-, 

HCFC-124 

kg CFC-11 

eq 

5,79E-12 4,29E-11 

Table 12. Ozone layer depletion 40a for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF 

insulation 

PUR 

insulation 

Total of all compartments kg 1,4-DB 

eq 

0,109887 0,899674 

Remaining substances kg 1,4-DB 

eq 

0,000676 0,005422 

Chromium VI kg 1,4-DB 

eq 

0,064291 0,509672 

Arsenic kg 1,4-DB 

eq 

0,025573 0,228841 

PAH, polycyclic aromatic 

hydrocarbons 

kg 1,4-DB 

eq 

0,007227 0,058404 

Nickel kg 1,4-DB 

eq 

0,003042 0,024284 

Cadmium kg 1,4-DB 

eq 

0,002912 0,023186 

Benzene kg 1,4-DB 

eq 

0,001307 0,009806 
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Copper kg 1,4-DB 

eq 

0,00083 0,00697 

PAH, polycyclic aromatic 

hydrocarbons 

kg 1,4-DB 

eq 

0,000563 0,004365 

Cobalt kg 1,4-DB 

eq 

0,000431 0,003476 

Thallium kg 1,4-DB 

eq 

0,000312 0,002695 

Selenium kg 1,4-DB 

eq 

0,000303 0,002634 

Vanadium kg 1,4-DB 

eq 

0,000286 0,002577 

Beryllium kg 1,4-DB 

eq 

0,000279 0,002678 

Nickel kg 1,4-DB 

eq 

0,000256 0,001943 

Nitrogen oxides kg 1,4-DB 

eq 

0,000244 0,002013 

Sodium dichromate kg 1,4-DB 

eq 

0,000239 0,00179 

Propylene oxide kg 1,4-DB 

eq 

0,000203 0,001352 

Arsenic kg 1,4-DB 

eq 

0,000178 0,001597 

Benzene kg 1,4-DB 

eq 

0,000174 0,001308 

Zinc kg 1,4-DB 

eq 

0,000157 0,001209 

Cobalt kg 1,4-DB 

eq 

0,000152 0,001253 

Antimony kg 1,4-DB 

eq 

0,000138 0,001172 

Molybdenum kg 1,4-DB 

eq 

0,000114 0,001028 

Table 13. Human toxicity 20a for InDeal CNF insulation and PUR insulation 
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Substance Unit InDeal CNF 

insulation 

PUR 

insulation 

Total of all compartments kg 1,4-DB 

eq 

0,110473 0,904668 

Remaining substances kg 1,4-DB 

eq 

0,000841 0,00682 

Chromium VI kg 1,4-DB 

eq 

0,064291 0,509672 

Arsenic kg 1,4-DB 

eq 

0,025573 0,228841 

PAH, polycyclic aromatic 

hydrocarbons 

kg 1,4-DB 

eq 

0,007227 0,058404 

Nickel kg 1,4-DB 

eq 

0,003042 0,024284 

Cadmium kg 1,4-DB 

eq 

0,002912 0,023186 

Benzene kg 1,4-DB 

eq 

0,001307 0,009806 

Copper kg 1,4-DB 

eq 

0,000832 0,006987 

PAH, polycyclic aromatic 

hydrocarbons 

kg 1,4-DB 

eq 

0,000576 0,00446 

Cobalt kg 1,4-DB 

eq 

0,000436 0,003517 

Thallium kg 1,4-DB 

eq 

0,000381 0,003285 

Selenium kg 1,4-DB 

eq 

0,000371 0,003229 

Vanadium kg 1,4-DB 

eq 

0,000365 0,003282 

Nickel kg 1,4-DB 

eq 

0,000324 0,002462 

Beryllium kg 1,4-DB 

eq 

0,000279 0,002678 

Nitrogen oxides kg 1,4-DB 

eq 

0,000244 0,002013 
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Sodium dichromate kg 1,4-DB 

eq 

0,000239 0,00179 

Arsenic kg 1,4-DB 

eq 

0,000233 0,002088 

Propylene oxide kg 1,4-DB 

eq 

0,000203 0,001352 

Benzene kg 1,4-DB 

eq 

0,000174 0,001308 

Antimony kg 1,4-DB 

eq 

0,000168 0,001424 

Zinc kg 1,4-DB 

eq 

0,000161 0,001239 

Cobalt kg 1,4-DB 

eq 

0,000158 0,001297 

Molybdenum kg 1,4-DB 

eq 

0,000138 0,001245 

Table 14. Human toxicity 500a for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF insulation PUR insulation 

Total of all compartments kg NOx eq 0,000299 0,0025 

Remaining substances kg NOx eq 0 0 

Nitrogen oxides kg NOx eq 0,000244 0,002013 

Ammonia kg NOx eq 5,55E-05 0,000487 

Table 15. Average European (kg NOx eq) for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF insulation PUR insulation 

Total of all compartments kg SO2 eq 0,000713 0,00529 

Remaining substances kg SO2 eq -1,1E-19 0 

Sulfur dioxide kg SO2 eq 0,00059 0,00427 

Nitrogen oxides kg SO2 eq 0,000101 0,000839 

Ammonia kg SO2 eq 2,07E-05 0,000181 

Table 16. Average European (kg SO2 eq) for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF insulation PUR insulation 

Total of all compartments kg C2H4 eq 3,05E-05 0,000224 

Remaining substances kg C2H4 eq 1,1E-07 8,38E-07 
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Sulfur dioxide kg C2H4 eq 2,36E-05 0,000171 

Carbon monoxide, fossil kg C2H4 eq 3,72E-06 2,91E-05 

Methane, fossil kg C2H4 eq 7,57E-07 5,77E-06 

Heptane kg C2H4 eq 4,34E-07 2,92E-06 

2-Propanol kg C2H4 eq 3,62E-07 2,41E-06 

Hexane kg C2H4 eq 2,3E-07 2,07E-06 

Toluene kg C2H4 eq 2,27E-07 1,67E-06 

Pentane kg C2H4 eq 1,66E-07 1,32E-06 

Benzene kg C2H4 eq 1,5E-07 1,13E-06 

Ethene kg C2H4 eq 1,45E-07 1,07E-06 

Carbon monoxide, biogenic kg C2H4 eq 1,26E-07 9,33E-07 

Butane kg C2H4 eq 1,11E-07 8,81E-07 

Ethane kg C2H4 eq 1,01E-07 7,79E-07 

Propane kg C2H4 eq 7,95E-08 6,25E-07 

Formaldehyde kg C2H4 eq 6,92E-08 5,25E-07 

Benzene, ethyl- kg C2H4 eq 6,64E-08 4,47E-07 

Propene kg C2H4 eq 4,19E-08 3,19E-07 

Table 17. Photochemical oxidation for InDeal CNF insulation and PUR insulation 

Substance Unit InDeal CNF insulation PUR insulation 

Total of all compartments kg C2H4 eq 8,86E-06 6,81E-05 

Remaining substances kg C2H4 eq 3,72E-08 2,87E-07 

Carbon monoxide, fossil kg C2H4 eq 5,52E-06 4,31E-05 

Methane, fossil kg C2H4 eq 8,83E-07 6,73E-06 

Heptane kg C2H4 eq 4,39E-07 2,96E-06 

2-Propanol kg C2H4 eq 3,85E-07 2,56E-06 

Benzene kg C2H4 eq 2,75E-07 2,06E-06 

Hexane kg C2H4 eq 2,39E-07 2,15E-06 

Propane kg C2H4 eq 2,26E-07 1,78E-06 

Toluene kg C2H4 eq 1,78E-07 1,31E-06 

Butane kg C2H4 eq 1,57E-07 1,25E-06 

Ethene kg C2H4 eq 1,45E-07 1,07E-06 
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Pentane kg C2H4 eq 1,26E-07 1E-06 

Ethane kg C2H4 eq 8,19E-08 6,33E-07 

Benzene, ethyl- kg C2H4 eq 4,55E-08 3,06E-07 

Formaldehyde kg C2H4 eq 4E-08 3,04E-07 

Methanol kg C2H4 eq 3,26E-08 2,35E-07 

Methane, biogenic kg C2H4 eq 2,82E-08 2,03E-07 

Propene kg C2H4 eq 2,24E-08 1,7E-07 

Table 18. Photochemical oxidation (low NOx) for InDeal CNF insulation and PUR insulation 

 

3.2.2 DHC plants optimized after tool application 

3.3.4.1 Vransko DHS (ENERGETIKA) and Montpellier DHCS (SNCU) 

 

Figure 3. Impact Assessment for ENERGETIKA and SNCU (Red color: ENERGETIKA; Green color: SNCU) 

 

 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg Sb eq 1943,369 621,2471 

Remaining substances kg Sb eq 2,099527 1,099952 

Oil, crude kg Sb eq 744,9213 479,511 

Coal, brown kg Sb eq 719,9522 12,10043 

Coal, hard kg Sb eq 242,7407 72,12513 

Gas, natural/m3 kg Sb eq 229,9586 55,45224 

Gas, mine, off-gas, process, coal mining/m3 kg Sb eq 3,696229 0,958377 

Table 19. Abiotic depletion for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Method: CML 2001 (all impact categories) V2.05 / the Netherlands, 1997 / Normalisation

Comparing 1 year 'ENERGETIKA-2' with 1 year 'SNCU-2';
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Total of all compartments kg SO2 eq 6305,342 2688,769 

Remaining substances kg SO2 eq 6,68079 1,21752 

Sulfur dioxide kg SO2 eq 2517,98 282,1166 

Nitrogen oxides kg SO2 eq 2388,378 1487,035 

Ammonia kg SO2 eq 1368,204 907,3726 

Hydrogen sulfide kg SO2 eq 13,29865 8,769178 

Hydrogen chloride kg SO2 eq 10,80129 2,258153 

Table 20. Acidification for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg PO4--- eq 2130,42 870,7086 

Remaining substances kg PO4--- eq 1,216002 0,595993 

Phosphate kg PO4--- eq 812,6433 39,26105 

Nitrogen oxides kg PO4--- eq 620,9782 386,629 

Phosphorus kg PO4--- eq 306,6187 203,6607 

Ammonia kg PO4--- eq 299,2945 198,4878 

Phosphorus kg PO4--- eq 45,32196 30,09047 

Nitrate kg PO4--- eq 30,93654 3,402741 

COD, Chemical Oxygen Demand kg PO4--- eq 13,41063 8,580941 

Table 21. Eutrophication for ENERGETIKA and SNCU 

Substance Unit ENERGETIK

A 

SNCU 

Total of all compartments kg CO2 

eq 

335256,7 119719 

Remaining substances kg CO2 

eq 

255,1006 97,4877

8 

Carbon dioxide, fossil kg CO2 

eq 

266461,4 82601,4

5 

Dinitrogen monoxide kg CO2 

eq 

34012,86 21696,1

2 

Methane, fossil kg CO2 

eq 

22816,36 7827,20

4 

Methane, biogenic kg CO2 

eq 

3869,17 2470,16 
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Carbon monoxide, fossil kg CO2 

eq 

2390,562 1495,98

3 

Carbon dioxide, land transformation kg CO2 

eq 

1845,667 1137,82

1 

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a kg CO2 

eq 

1593,765 1056,44

3 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-

113 

kg CO2 

eq 

1515,17 1006,39

3 

Ethane, 2-chloro-1,1,1,2-tetrafluoro-, HCFC-

124 

kg CO2 

eq 

496,7196 329,929 

Table 22. Global Warming 20a for ENERGETIKA and SNCU 

Substance Unit ENERGETIK

A 

SNCU 

Total of all compartments kg CO2 

eq 

294018,8 99301,8

1 

Remaining substances kg CO2 

eq 

517,6224 262,304

1 

Carbon dioxide, fossil kg CO2 

eq 

266461,4 82601,4

5 

Carbon dioxide, land transformation kg CO2 

eq 

1845,667 1137,82

1 

Carbon monoxide, fossil kg CO2 

eq 

2390,562 1495,98

3 

Dinitrogen monoxide kg CO2 

eq 

19294,57 12307,6

2 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-

113 

kg CO2 

eq 

670,6491 445,452

5 

Methane, biogenic kg CO2 

eq 

262,3166 167,468

5 

Methane, fossil kg CO2 

eq 

2576,041 883,716

6 

Table 23. Global Warming 500a for ENERGETIKA and SNCU 

Substance Unit ENERGETIK

A 

SNCU 

Total of all compartments kg CFC-11 

eq 

0,206139 0,13187

7 
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Remaining substances kg CFC-11 

eq 

1,63E-05 8,23E-

06 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, 

CFC-113 

kg CFC-11 

eq 

0,136614 0,09074 

Ethane, 2-chloro-1,1,1,2-tetrafluoro-, 

HCFC-124 

kg CFC-11 

eq 

0,042221 0,02804

4 

Methane, bromochlorodifluoro-, Halon 1211 kg CFC-11 

eq 

0,006969 0,00043

7 

Methane, bromotrifluoro-, Halon 1301 kg CFC-11 

eq 

0,018586 0,01191

5 

Methane, chlorodifluoro-, HCFC-22 kg CFC-11 

eq 

0,001431 0,00056

5 

Methane, tetrachloro-, CFC-10 kg CFC-11 

eq 

0,000302 0,00016

7 

Table 24. Ozone layer depletion 5a for ENERGETIKA and SNCU 

Substance Unit ENERGETIK

A 

SNCU 

Total of all compartments kg CFC-11 

eq 

0,196284 0,12705

6 

Remaining substances kg CFC-11 

eq 

4,48E-06 2,29E-

06 

Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, 

CFC-113 

kg CFC-11 

eq 

0,158969 0,10558

9 

Ethane, 2-chloro-1,1,1,2-tetrafluoro-, 

HCFC-124 

kg CFC-11 

eq 

0,012418 0,00824

8 

Methane, bromochlorodifluoro-, Halon 1211 kg CFC-11 

eq 

0,004379 0,00027

5 

Methane, bromotrifluoro-, Halon 1301 kg CFC-11 

eq 

0,019488 0,01249

4 

Methane, chlorodifluoro-, HCFC-22 kg CFC-11 

eq 

0,000753 0,00029

7 

Methane, tetrachloro-, CFC-10 kg CFC-11 

eq 

0,000273 0,00015

1 

Table 25. Ozone layer depletion 40a for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 
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Total of all compartments kg 1,4-DB eq 614694,4 394904 

Remaining substances kg 1,4-DB eq 4781,685 1807,527 

Arsenic kg 1,4-DB eq 26278,94 14262,22 

Benzene kg 1,4-DB eq 89260,05 58460,52 

Cadmium kg 1,4-DB eq 5915,352 3762,732 

Chromium VI kg 1,4-DB eq 58740,54 35223,12 

Copper kg 1,4-DB eq 6622,778 4330,003 

Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- kg 1,4-DB eq 3069,006 2014,899 

Nickel kg 1,4-DB eq 13638,23 8370,549 

Nickel kg 1,4-DB eq 1120,001 242,9479 

Nitrogen oxides kg 1,4-DB eq 5732,106 3568,883 

PAH, polycyclic aromatic hydrocarbons kg 1,4-DB eq 395080,9 259976 

PAH, polycyclic aromatic hydrocarbons kg 1,4-DB eq 3007,588 1927,669 

Zinc kg 1,4-DB eq 1447,187 956,9765 

Table 26. Human toxicity 20a for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg 1,4-DB eq 621355,4 398978,6 

Remaining substances kg 1,4-DB eq 7226,948 3217,955 

Arsenic kg 1,4-DB eq 26278,94 14262,22 

Benzene kg 1,4-DB eq 89260,05 58460,52 

Cadmium kg 1,4-DB eq 5915,352 3762,732 

Cadmium kg 1,4-DB eq 1555,327 1032,549 

Chromium VI kg 1,4-DB eq 58740,54 35223,12 

Copper kg 1,4-DB eq 6638,252 4340,119 

Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- kg 1,4-DB eq 3084,991 2025,394 

Nickel kg 1,4-DB eq 13638,23 8370,549 

Nickel kg 1,4-DB eq 1418,87 307,7811 

Nitrogen oxides kg 1,4-DB eq 5732,106 3568,883 

PAH, polycyclic aromatic hydrocarbons kg 1,4-DB eq 395080,9 259976 

PAH, polycyclic aromatic hydrocarbons kg 1,4-DB eq 3072,943 1969,556 

Vanadium kg 1,4-DB eq 2228,285 1480,114 
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Zinc kg 1,4-DB eq 1483,632 981,0767 

Table 27. Human toxicity 500a for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg NOx eq 9409,154 6007,447 

Remaining substances kg NOx eq 0 0 

Ammonia kg NOx eq 3677,047 2438,564 

Nitrogen oxides kg NOx eq 5732,106 3568,883 

Table 28. Average European (kg NOx eq) for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg SO2 eq 6274,562 2676,524 

Remaining substances kg SO2 eq 0 0 

Ammonia kg SO2 eq 1368,204 907,3726 

Nitrogen oxides kg SO2 eq 2388,378 1487,035 

Sulfur dioxide kg SO2 eq 2517,98 282,1166 

Table 29. Average European (kg SO2 eq) for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg C2H4 eq 368,4049 185,8745 

Remaining substances kg C2H4 eq 0,754086 0,456587 

Acetaldehyde kg C2H4 eq 2,469904 1,635219 

Benzene kg C2H4 eq 10,24142 6,707575 

Benzene, ethyl- kg C2H4 eq 1,129792 0,749543 

Butane kg C2H4 eq 0,911561 0,507125 

Carbon monoxide, biogenic kg C2H4 eq 133,2945 88,52604 

Carbon monoxide, fossil kg C2H4 eq 41,11158 25,7271 

Ethane kg C2H4 eq 0,447027 0,121748 

Ethene kg C2H4 eq 0,440946 0,261738 

Formaldehyde kg C2H4 eq 21,15553 14,00155 

Hexane kg C2H4 eq 1,420091 0,853264 

m-Xylene kg C2H4 eq 6,579478 4,370052 

Methane, biogenic kg C2H4 eq 0,393475 0,251203 

Methane, fossil kg C2H4 eq 2,208035 0,757471 
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Pentane kg C2H4 eq 14,36726 9,396412 

Propane kg C2H4 eq 0,548606 0,267382 

Sulfur dioxide kg C2H4 eq 100,7192 11,28466 

Toluene kg C2H4 eq 30,21248 19,99985 

Table 30. Photochemical oxidation for ENERGETIKA and SNCU 

Substance Unit ENERGETIKA SNCU 

Total of all compartments kg C2H4 eq 139,8745 88,64512 

Remaining substances kg C2H4 eq 0,390282 0,234979 

Acetaldehyde kg C2H4 eq 0,770641 0,510209 

Benzene kg C2H4 eq 18,79159 12,30748 

Benzene, ethyl- kg C2H4 eq 0,77383 0,513386 

Butane kg C2H4 eq 1,294831 0,720348 

Carbon monoxide, fossil kg C2H4 eq 60,90604 38,11422 

Ethane kg C2H4 eq 0,363436 0,098982 

Ethene kg C2H4 eq 0,440946 0,261738 

Formaldehyde kg C2H4 eq 12,22863 8,093382 

Heptane kg C2H4 eq 0,251981 0,161846 

Hexane kg C2H4 eq 1,473123 0,885129 

m-Xylene kg C2H4 eq 2,969078 1,972045 

Methane, biogenic kg C2H4 eq 0,459054 0,29307 

Methane, fossil kg C2H4 eq 2,576041 0,883717 

Pentane kg C2H4 eq 10,91184 7,136515 

Propane kg C2H4 eq 1,55854 0,759609 

Toluene kg C2H4 eq 23,71466 15,69847 

Table 31. Photochemical oxidation (low NOx) for ENERGETIKA and SNCU 

 

3.3 Life Cycle Cost Analysis 

3.3.1 DHC plants optimized after tool application  

3.4.4.1 Vransko DHS (ENERGETIKA) and Montpellier DHCS (SNCU) 

For estimate the (socio) economic cost of energy production in a simplified manner, using 

available data from the ENERGETIKA & SNCU plants (Appendix III of this deliverable), the 

Levelized Cost of Energy (LCoE) Calculator has been used.  
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𝐿𝐶𝑜𝐸 =  
𝑠𝑢𝑚 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

𝑠𝑢𝑚 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
=  

∑
𝐼𝑡 + 𝑀𝑡 + 𝐹𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

∑
𝐸𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

 

Where: 

It – investment expenditures in the year t; 

Mt – operations and maintenance expenditures in the year t; 

Ft – energy source expenditures in the year t; 

Et – electrical energy generated in the year t; 

r – discount rate; 

n – expected lifetime of system or power station. 

The LCoE Calculator estimates the average lifetime cost of power production per MWh. The 

cost elements comprising the LCoE include investment and R&D costs, energy source costs, 

operation and maintenance costs, and other costs. The default energy prices are based on the 

projections from the IEA1 and World Energy Outlook2. It represents information on the 

financial position and results of the company, which want to commercialize the InDeal 

solutions in Vransko DHC (ENERGETIKA) and Montpellier DHCS (SNCU) plants. The 

analysis represents economic aspect at the start of the activity, and thereafter, they will record 

changes as they occur on the same (sales, and expenses) and then, would determine the profit 

and the final value of the estate. The Estimations will allow us to know the time reaches 

entrepreneurship, predictably, its inflection point and begins to generate positive outcomes for 

the entrepreneur. 

The energy generation technologies included in the LCoE Calculator of InDeal pilot plants 

(ENERGETIKA & SNCU) has been used directly in calculations, and with user-modified 

settings estimations (if necessary, in case of lack of data from pilot plants). The technologies 

are defined by their:  

• Investment costs  

• Operation and maintenance costs (fixed and variable)  

• Other cost (user defined option)  

• Energy efficiencies  

• Cogeneration efficiencies (power and heat)  

• Lifetime  

• Construction time  

                                                 
1 Projected Costs of Generating Electricity https://webstore.iea.org/projected-costs-of-generating-electricity-
2015  
2 World Energy Outlook 2015 https://www.iea.org/newsroom/news/2015/november/world-energy-outlook-
2015.html  

https://webstore.iea.org/projected-costs-of-generating-electricity-2015
https://webstore.iea.org/projected-costs-of-generating-electricity-2015
https://www.iea.org/newsroom/news/2015/november/world-energy-outlook-2015.html
https://www.iea.org/newsroom/news/2015/november/world-energy-outlook-2015.html
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• Emission factors  

• Full load hours (utilization rate)  

• System costs. 

 

Investment costs  

The investment costs or initial costs are given as the total investment cost (also called the 

overnight costs) divided by the net generating capacity, i.e. the capacity as seen from the grid, 

whether electricity or district heat. Investment cost includes all physical equipment, typically 

called the engineering, procurement and construction (EPC) price. Infrastructure or connection 

costs, i.e. electricity, fuel and water connections, are also included. Connection costs can be 

specified separately, and if done so, should not be a part of the main investment cost. The basic 

user settings provide an option on whether defined connection costs are shown explicitly on 

the graph or included in the general capital cost.  

The cost of land, the owners’ predevelopment costs (administration, consultancy, project 

management, site preparation and approvals by authorities) are not included. The cost to 

dismantle decommissioned plants is also not included, assuming that the decommissioning 

costs are offset by the residual value of the assets.  

 

Operation and maintenance (O&M) costs  

The operation and maintenance costs are either divided in fixed and variable or given as a total 

of the two. The fixed share of O&M includes all costs, which are independent of how the plant 

is operated, e.g. administration, operational staff, planned and unplanned maintenance, 

payments for O&M service agreements, network use of system charges, property tax, and 

insurance. Re-investments within the scheduled lifetime are also included, whereas re-

investments to extend the life are excluded. The variable O&M costs include consumption of 

auxiliary materials (water, lubricants, fuel additives), treatment and disposal of residuals, 

output related repair and maintenance, and spare parts (however not costs covered by 

guarantees and insurance). 

First year of production 2020 

Lookout period (years) 40 

Depreciation period (years) 40 

Discount rate 4% 
Table 32. Financial settings for LCoE Calculations 

The LCoE Calculator returns a unit cost for energy production based on discounted future 

electricity generation, and is, therefore, heavily influenced by the chosen level of discount rate. 
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The LCoE Calculator applies an annual rate of 4% real as a default value, which is the 

recommended rate for socio-economic analysis. For comparison, the IEA applies 3 %, 7 % and 

10 % in the latest Projected Costs of Generating Electricity 

This cost element covers the necessary costs of expanding or strengthening the distribution and 

transmission grids when integrating a new technology. Furthermore, it includes increased or 

avoided line losses in the distribution and transmission grids. Grid-related costs are very site-

specific as they depend highly on the location of the energy sources compared to the existing 

grid and the load centres. 

 

The results of LCoE Calculations for InDeal Project are considered as solely illustrative, 

however, as many of the cost elements has been differentiated from country to country 

depending on e.g. the investment cost levels, the flexibility of the power system, the estimated 

cost of air pollution, regional differences in energy source prices etc. Hence, in order to carry 

out an assessment of electricity generation costs in a specific InDeal pilot plants using the LCoE 

Calculator, has been important to apply the relevant local and national data3 & contributions 

from ENERGETIKA & SNCU. Nonetheless, the results do provide a good indication of the 

cost relationships in general, as well as highlight the factors that have the most significant 

influence on the LCoE for the technologies in question. 

 

                                                 
3 Eurostat https://ec.europa.eu/eurostat/data/database?node_code=nrg_bal_c  

https://ec.europa.eu/eurostat/data/database?node_code=nrg_bal_c
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Figure 4. Levelised Cost of Energy (LCoE) for InDeal Project. From left to right bar column: Vransko DHC plant (without InDeal solutions); Vransko DHC plant (with InDeal 

solutions); Montpellier DHCS plant (without InDeal solutions); Montpellier DHCS plant (with InDeal solutions) 

EUR/MWh 
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O&M costs 18.43 17.68 18.43 17.43 

Energy source cost 62.34 58.22 62.34 52.92 

Air pollution  7.96 7.82 7.96 7.49 

Levelized cost of electricity 

production, 2020-EUR/MWh 
116 112 116 106 

Table 33. Levelised Cost of Energy (LCoE) for InDeal Project 

 

Where:  

Capital cost – Investment cost of the plant and new or upgraded infrastructure if needed;  

Operation and maintenance (O&M) costs – Yearly costs which are independent of the production, as well as dependent on the produced 

amount of electricity; 

Energy source cost – Projected costs of fuels according to IEA World Energy Outlook 2015;  

Air pollution – Socio-economic costs of SO2, NOX, and PM2.5 emissions.  
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4 Conclusions 

Regarding the Environmental analysis the CNF insulation vs. PUR insulation, the damage 

indicators influence to a large degree the environmental impact caused by manufacturing of 

whole InDeal insulation, i.e:  

• Human Health – being a member of the present or a future generation, may be damaged 

either by reducing its duration of life by the premature death, or by causing a temporary 

or permanent reduction of body functions (disabilities); 

• Ecosystem Quality – a percentage of species that are threatened or that disappear from 

a given area during a certain time; and 

• Resources – a given resource are depleted first, leaving future generations to deal with 

lower concentrations. 

It should be noted that Environmental analysis during the execution of R&D project is just 

estimation, and manufacturing in real conditions will provide more exactly results for 

environmental analysis. 

Regarding the Comparison with Traditional Insulation materials the significant reduction of 

Resource indicators has been observed, giving the reasons for consideration of commercial 

scale fabrication. This has to be taken into account the more restricted procedures for exposition 

of hazard waste to ecosystem. 

Regarding the Economic analysis of InDeal Project developed solutions, the LCoE method is 

a simple way to compare production technology choices, yet it is associated with certain 

limitations. Firstly, it mainly deals with base load technologies, i.e. power generation 

technologies with a relatively high number of full load hours, which is considered constant 

over the lifetime. It is not intended to be used for modelling and simulation of the electricity 

dispatch in a system with many concurrent sources. Similarly, the rate and price of co-

generated heat is considered fixed over the year and the technology lifetime.  Secondly, the 

model only considers the costs and not the revenues of the technologies. The costs are 

considered evenly distributed over the lifetime, as opposed to a cash flow model approach. 

Taken together this means that the LCoE Calculator cannot be used for assessing NPVs or 

return rates of projects. The intention is rather to compare the socio-economic costs of different 

technologies at a relatively high level and without considering taxes, subsidies and project 

specific financial costs. Finally, it should be noted that the validity of any result will depend 

on the input provided to the model. It is obvious that many values are inherent to the specific 
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country or region, or even a project, in terms of investment and fuel costs, wind and solar 

resources, environmental costs, etc. It is therefore at the user’s discretion to find and verify data 

in each specific application of the model. 
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5 Appendix  

5.1 Appendix I – Life Cycle Inventory template 

Sample 1(7 cm x 15 cm x 1 cm) aprox. 

Inputs Value Unit/sample Value Unit/m2 of insulation 

(Thickness= 0.01 m) 

Cellulose nanofibers 0.0015 kg 0.15 kg 

Water 0.0985 kg 9.85  kg 

Electricity 60 kWh 5714 kWh 

Outputs Value Unit/sample Value Unit/m2 of insulation 

Water 0.0985 kg 9.85 kg 

Insulation material 0.0015 kg 0.15 kg 

 

Information about production process based on laboratory experiments 

Time of the process 90 h  

From where is used water? What is done with waste 

water after production process? 

It is recovered  

Water parameters (is it distilled water?) For lab experiments, yes 

From where is used electricity? How it is generated 

(cogeneration, conventional, etc.)? 

Unknown | General  

How long is the life cycle of the produced sample?  Unknown | Depending on the 

used 

Density of obtained material? 15 Kg/m3 

Cost of water [€/dm3] 0.0004354 

Cost of electricity [€/kWh] 0.15 

Electricity consumption [kWh/kg] in production on 

industrial scale 

Unknown 

 

InDeal insulation material vs. currently used insulation materials (e.g. PUR) 

 InDeal PUR 

How long is the life cycle of the produced sample?  Unknown  

Density of obtained material? 15 Kg/m3  

Thermal conductivity   

Savings in production   

 

Information about cellulose suppliers 

Supplier Maine University Borregard 

Cost of cellulose [€/kg] 22$/Kg 50€/Kg 

Cost of transport [€/km]   

Distance of transport [km]   

Way of transport (lorry, ship, airplane)    

 

Other data NAITEC’s (CEMITEC’s) production  

 NAITEC / CEMITEC 

(Thickness= 0.01 m) 

Material for insulation production and how much is 

used [kg/m2] 

0.15  

Water used [kg/m2] 9.85 

Electricity used [kWh/m2] 5714 
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Insulation material obtained [kg]/ [m2] and what 

type 

0.15 

How long is production process? 90 h 

Estimated cost of the production of the unit of 

insulation material [€/kg], [€/m2] 

Raw Material (nanocellulose): 

17 [€/kg] 

2.55 [€/m2] (Thickness= 0.01 m) 

 

Water: 

2.86e-2 [€/kg insulating material] 

4.29e-3 [€/m2] (Thickness= 0.01 m) 

 

Electricity 

5714 [€/kg insulating material] 

857 [€/m2] (Thickness= 0.01 m) 

 

Cost and amortization of 

liophilization equipment: it is 

unknown, so it has not been 

considered. 
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5.2 Appendix II – Real case study plant template 

   ENERGETIKA SNCU 

   Heat Heat  Cold 

 Type of indicator Unit Values 

Time of work Time of work h/year 8760 8760 8760 

Landscape use 
Occupied area m2 672900 190000 190000 

Supplied area m2 1200000 ? ? 

Resource 
consumption 

Biomass kg/year 3094280 2060000 0 

Coal kg/year 0 0 0 

Gas MWh/year 0 2219 0 

Oil m3/year 0 0 0 

Water m3/year 963 0 49000 

Electricity kWh/year 98468 138 7215 

Produced 
power for 

heating 

From biomass MWh/year 4658.299 5162 0 

From coal MWh/year 0 0 0 

From gas MWh/year 0 5395 0 

From biomass CHP MWh/year 54.915 ? ? 

From oil MWh/year 0 0 0 

From electricity MWh/year 0 0 16450 

From heat exchangers MWh/year 0 800 0 
From solar system (or other 
support) MWh/year 317.260 0 0 

Produced 
power for 

cooling 

From absorption kWh/year 0 0 0 

From compression kWh/year 0 0 16450 

Emissions 

Carbon dioxide CO2 kg/year 0 436000 198000 
Carbon monoxide CO kg/year 1593 531 no mes 
Methane CH4 kg/year   no mes no mes 
Nitrous oxide N2O kg/year   2616 no mes 

Nitrous oxides NOx 
kg/year 2012 

with 
N2O no mes 

m3/year   
with 
N2O no mes 

Sulfur dioxide SO2 
kg/year 184 30,8 no mes 
m3/year   no mes no mes 

Sulfur trioxide SO3 
kg/year   no mes no mes 

m3/year   no mes no mes 
Tetrachloromethane CCl4 kg/year   no mes no mes 
1,1,1-trichloroethane 
CCl3CH3 kg/year   no mes no mes 
CFC's (CFC-11, -12, -113, -
114, -115) kg/year   0 0 
HCFC's (HCFC-22, -123, -
124, -141b, -142b) kg/year   0 0 
HFC's (HFC-125, -134a, -
152a) kg/year   0 0 
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Chlorine compounds kg/year   no mes 12.9 
Bromine compounds kg/year   no mes no mes 

Cadmium Cd g/year   1.1 8.6 
Mercury Hg g/year   18.7 1,7 
Lead Pb g/year   120.3 293 
Arsenic As g/year   5.1 86 

Halons kg/year   no mes no mes 
Sulfuric acid H2SO4 kg/year   no mes no mes 
Hydrogen chloride HCl kg/year   37.2 no mes 
Phosphoric acid H3PO4 kg/year   no mes no mes 
Hydrogen fluoride HF kg/year   0.24 no mes 
Hydrogen sulfide H2S kg/year   no mes no mes 
Organotin compounds m3/year     no mes 
Particulate matter PM10 kg/year 117 12.3 no mes 

Volatile Organic 
Compounds VOC 

kg/year   no mes no mes 
m3/year   no mes no mes 

Non-Methane Volatile 
Organic Compounds 
nmVOC 

kg/year   15.8 no mes 

m3/year   no mes no mes 

Waste heat water m3/year   195 37 

CxHy kg/year 67   
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5.3 Appendix III -  Life Cycle Cost Analysis template for Real Case Study plants 

  ENERGETIKA SNCU 
Phase of life 

cycle 
Cost for Cost € 

Cost per 
[unit] 

Cost € Cost per [unit] 

Research & Development   

 Management € 19 493,00 total    total  

 Administration € 6 523,00 total    total  
 Insurance € 2 099,00 total    total  
 Material 1   kg or m3    kg or m3  
 Material …   kg or m3    kg or m3  
 Electricity   kWh    kWh  
Investment           
  Used raw materials   total    total  

 Material 1   kg or m3    kg or m3  
 Material …   kg or m3    kg or m3  
  Electricity   kWh    kWh  
  Transport   km    km  

  
Production line 
maintenance   month    month  

  Installed equipment   total    total  
  Assembly   total    total  
Operation & Maintenance     

  Used fuels       
 Biomass € 40,00 t € 70,00  t  
 Gas  MWh € 31,00  MWh  

 Transport  km  € 0,47  km  
  Electricity € 0,11 MWh  € 90,00  MWh  
  Water € 1,25 m3     m3 
  Repairs € 7 883,00 a service    a service 

 
Cold production and 
network  MWh € 5,99 MWh  

 Maintenance  MWh € 1,18 MWh  

 Repairs  year € 95 000,00 year  

 
Constructor's 
maintenance       

 Heating network   € 100 000,00  19500 MWh  

 Maintenance   € 15 000,00 19500 MWh  
 Repairs       
Phase-out and disposal   a service  
  Disassembly   a service    km  
  Transport   km    kg or m3  

  Disposal € 2 500,00  € 0,10/kg  kg or m3 
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7 Annex (additional information after revision of deliverable) 

 

Request_1: The analysis performed has a pure theoretical value. The LCA that compares the 

cellulosic insulation material with PUR is based on inventory data that refer to processes that 

have not been yet validated. 

Additional Information_1: The new insulation material samples were produced in laboratory 

conditions, under the application of a validated procedure which is based on a high amount of 

rigorous experiments, and which is wide explained in deliverable D2.2 Sustainable insulation 

material to reduce heat losses. The Life Cycle Assessment (LCA) for the insulation material 

was defined following the current existing procedures and methods for prototypes which have 

not been industrialized yet. 

 

Request_2: Table below Figure 4 should be corrected. Twice it is written Montpellier DHCS 

plant (without InDeal solutions). 

Additional Information_2: Table 33 (page 38-39) below the Figure 4 is already corrected. Now 

in the Table is written without and with InDeal solutions, respectively. 
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