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Economic and environmental benefits of converting industrial 

processes to district heating 

Danica Djuric Ilica, *, Louise Trygga 

a Division of Energy Systems, Department of Management and Engineering, Linköping University, 

SE-581 83 Linköping, Sweden 

ABSTRACT 

The aim of this study was to analyse the possibilities of converting industrial processes from 

electricity and fossil fuels to district heating in 83 companies in three Swedish counties. 

Effects on the local district heating systems were explored, as well as economic effects and 

impacts on global emissions of greenhouse gases. The study was conducted considering two 

different energy market conditions for the year 2030. 

The results show that there is a potential for increasing industrial district heating use in all 

analysed counties. The greatest potential regarding percentage is found in Jönköping, where 

the annual district heating use in the manufacturing companies could increase from 5 GWh to 

45 GWh.  The annual industrial district heating use could increase from 84 GWh to 168 GWh 

in Östergötland and from 14 GWh to 58 GWh in Västra Götaland. The conversion of the 

industrial production processes to district heating would lead to district heating demand 

curves which are less dependent on outdoor temperature. As a result, the utilization period of 

the base load plants (above all of the combined heat and power plants) would be prolonged; 

this would decrease district heating production costs due to the increased income from the 

electricity production. The energy costs for the industrial companies decrease after the 

conversions as well. Furthermore, the increased electricity production in the combined heat 
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and power plants, and the decreased electricity and fossil fuel use in the industrial sector 

opens up a possibility for a reduction of global greenhouse gas emissions. The potential for 

the reduction of global greenhouse gas emissions is highly dependent on the alternative use of 

biomass and on the type of the marginal electricity producers. When the marginal effects 

from biomass use are not considered, the greenhouse gas emissions reduction is between 

10 thousand tonnes of CO2eq and 58 thousand tonnes of CO2eq per year, depending on the 

county and the type of marginal electricity production plants. The highest reduction is 

achieved in Östergötland. However, considering that biomass is a limited resource, the 

increase of biomass use in the district heating systems may lead to a decrease of biomass use 

in other energy systems. If this assumption is included in the calculations, the conversion of 

the industrial processes to district heating still signify a potential for reduction of greenhouse 

gas emissions, but this potential is considerable lower. 

Abbreviations 

BCHP, biomass-fuelled combined heat and power; CCP, coal condensing power; CHP, 

combined heat and power; CO2, carbon dioxide; COP, coefficient of performance; DH, 

district heating; DHS, district heating system; GHG, greenhouse gas; HOB, heat-only boiler; 

EM, energy market; EMS, energy market scenario; ENPAC, Energy Price and Carbon 

Balance tool; FTD, Fischer-Tropsch diesel; IEA, International Energy Agency; MeHLA, 

Method for Heat Load Analysis; NGCC, natural gas combined cycle; NGCHP, natural 

gas-fuelled combined heat and power; RES-E, electricity produced 

from renewable energy sources; WEO-np, “New Policies Scenario”; WEO-450, “450 

scenario”. 
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1. Introduction 

District heating (DH) can play a decisive role in a future sustainable society [1], [2], [3]. 

Beside the possibility of using a variety of different fuels (waste, biomass…), one of the 

largest benefits of DH is the possibility of utilizing combined heat and power (CHP) 

production technology [4], [5], [6]. Due to high investment costs and low operating costs, 

CHP plants in a DH system (DHS) are usually used as base load production plants. Despite 

this, large biomass-fuelled CHP (BCHP) plants are commonly taken out of operation during 

the summer, since the minimum operating effect of these plants is often higher than the load 

demand curves in the DHS then. Some of the solutions to this problem may be to introduce 

long-thermal storage into the DHS [7] or to introduce DH-driven absorption-cooling 

production for the purposes of comfort-cooling, since this cooling demand is highest during 

the summer [8]. Furthermore, due to global warming, DH demand in the future is expected to 

decrease. This means that DH producers will face new challenges and need to develop new 

business strategies [9]. 

New ways to use DH, and the possibilities to decrease DH production costs by including 

by-production of other energy carriers than electricity, have been of great interest during the 

last years. In order to achieve this, possibilities for cooperation between DHSs and other 

energy systems has been studied. One of the examples is cooperation between a DHS and 

industrial sector. This cooperation can be achieved in two possible ways: by delivering 

industrial waste heat into the DHS or by converting industrial processes to DH. 

The economic and environmental benefits of utilization of industrial waste heat into DHSs 

are shown to be case-specific [10], [11]. If the waste heat reduces the DH production in CHP 

plants, the revenues from electricity production in those plants would decrease, which would 

make this business strategy not profitable for DH producers [11]. Furthermore, the reduction 



of the electricity production in the CHP plants would also lead to an increase marginal 

electricity production (this term is explained more in Ådahl and Harvey [12]) in the power 

sector. Thus, if the marginal electricity is produced in coal condensing power (CCP) plants 

this would lead to an increase in global carbon dioxide (CO2) emissions [10]. 

On the other hand, the second way of cooperation (the cooperation by converting industrial 

processes to DH) is often a cost-effective and energy-efficient measure, which results in an 

increased utilization of CHP plants in the local DHS, and subsequently leads to a reduction of 

global CO2 emissions. Industrial heat demand is generally categorized in three different 

temperature levels (see section 4.4 in Frederiksen and Werner [13]): low temperature level 

(below 100° C), medium temperature level (between 100° C and 400° C) and high 

temperature level (above 400° C). The major low temperature demand can be found in the 

manufacture of food and tobacco products, manufacture of machinery and equipment, 

manufacture of chemicals and chemical products, and manufacture of textiles [13]. Some of 

the industrial processes which required low temperature heat are washing, rinsing, food 

preparation, drying, and heating. The low temperature heat demand can be supplied from 

local DHSs. However, the possibility to supply the demand depends on the temperature 

required and on the variations of DH supply temperature during the year; this is more 

discussed in the section 3.1. In 2007, the low temperature demand amounted to 30 % of the 

annual total industrial heat demand in the 27 EU countries (approximately 3.12 EJ [13]). 

A number of previous studies have been performed in order to analyse the benefits and the 

possibilities of increasing DH use in the Swedish industrial sector; the share of DH use in the 

total energy use in the industrial sector in Sweden (approximately 150 TWh) was only 4 % in 

2012, while the shares of electricity and fossil fuels were 36 % and 23 % respectively [14]. 

Difs et al. [15] analysed how conversion of industrial processes from electricity and fossil 

fuels to DH in 34 Swedish industries from different sectors of trade would influence the DH 



load duration curves in the local DHSs. The results showed that the conversion would lead to 

a DH demand curve which is less dependent on outdoor temperature, and thus would increase 

the utilization of the base production plants (CHP plants). The electricity use and the fossil 

fuel use in the analysed industries would decrease as well. When it is assumed that the 

increased electricity production in the CHP plants and the decreased electricity use in the 

industrial companies would reduce marginal electricity production in the power sector 

(electricity production in CCP plants), there is also a potential for reduction of global CO2 

emissions. Trygg and Amiri [16] analysed the most cost-effective technology for cooling by 

comparing DH-driven absorption-cooling with vapour compression chillers for seven 

industrial companies in Norrköping, Sweden, where the base production plant is a 

waste-fuelled CHP plant. When higher European electricity prices are considered, the 

absorption-cooling was shown to be a more cost-effective solution. The conversion to 

absorption-cooling production would also result in reduced global CO2 emissions, when CCP 

plants are assumed to be the marginal electricity sources. In order to make the conversion to 

DH more economically attractive choice for the industry, Difs and Trygg [17] suggested 

applying the marginal costs for DH production as DH tariffs for the industry. The research 

was done through a case study which included the local DHS in Linköping, Sweden, and 

eight local industrial companies. The results show that this business strategy would lead to 

economic benefits not only for the industry but also for the DH providers, since it would 

result in higher electricity production in the DHS and subsequently in higher revenues from 

electricity sold. When CCP plants are assumed to be the marginal electricity sources, this 

strategy opens up a possibility for a reduction of global CO2 emissions [17] as well.  Henning 

and Trygg [18] recognized the conversion of industrial processes to DH as a vital measure 

when redirecting the energy systems toward sustainability. They also pointed out that 

replacing the electricity by DH produced in CHP plants would have a dual impact on the 



power sector; the marginal electricity production would be reduced not only because of the 

decreased electricity use in the industry, but also because of the increased electricity 

production in the CHP plants. The reduced marginal electricity production would 

subsequently lead to lower global CO2 emissions. 

1.1 Aim 

The aim of this paper is to analyse the potential for converting production processes and 

support processes from electricity and fossil fuels to DH in the Swedish manufacturing 

sector. The paper also analyses the potential for more efficient operation of DH production 

plants in local DHSs when the DH use in the researched industry is increased. Both economic 

consequences as well as impacts on global greenhouse gas (GHG) emissions are studied 

considering two different energy market (EM) conditions. 

Eighty three manufacturing companies in three Swedish counties were used as the case 

studies, but the results may be relevant also for other manufacturing companies from the 

same branches as those included in this study. The objective of the study was to provide 

information which can be used by industrial and DH companies when considering 

possibilities for cooperation, and as a decision basis for policymakers when considering 

different strategies for climate change mitigation. 

2. Methodology 

The study includes three counties: Västra Götaland, Östergötland and Jönköping. Information 

about the manufacturing industry in the counties was collected from energy efficiency audits 

performed during the last few years. The industrial support and production processes that 

could be converted to DH were identified and data about the characteristics of those 

processes (e.g. temperature levels and seasonal variations) were collected from the audits. 

The expected annual DH demand for those processes were adjusted to the time division 



which is divided into 88 periods (Table 8; Appendix). The division reflects the seasonal 

variation of the existing DH load duration curves in the local DHSs [19], [20]. The effects of 

the conversion of industrial processes to DH on the existing DH load duration curves were 

analysed using the Method for Heat Load Analysis (MeHLA) which was developed at 

Linköping University by Difs et al. [15]. 

When changes of energy costs for industry and changes of global GHG emissions caused by 

the conversion were estimated, sensitivity analyses on different EM conditions were 

performed. For that purpose two future EM scenarios (EMSs) for Sweden were developed 

using a tool called ENPAC (Energy Price and Carbon Balance tool) [21], [22], [23]. 

2.1 Data collection and assumptions for the year 2030 

The analyses were applied to 83 manufacturing companies in three counties located in the 

south of Sweden: Västra Götaland, Östergötland and Jönköping (Figure 1). The reason for 

choosing counties situated in the south of Sweden is because the annual outdoor temperature 

variation is more significant in the south of Sweden than in the north of Sweden and this 

leads to a less efficient utilization of the base production plants in the DHSs. Furthermore, the 

number of industries located in the south of Sweden is higher, and in the counties included in 

this study a number of DH networks already exist. 



 

Figure 1. Overview of the positions of DHSs and industries included in the study. (No. of 

industries = number of industries; DH prod. = DH production) 



During the year 2011, the fuel mixes in the DHSs in the analysed counties differed 

significantly, as did the present DH production technologies (Figures 2 and 3; [24]). There 

are approximately 60 DH networks in Västra Götaland, and approximately 10 and 20 DH 

networks in Östergötland and Jönköping. In this study it is assumed that the DH networks in 

Västra Götaland, Östergötland and Jönköping counties would be connected in large regional 

DHSs by the year 2030. This assumption has been taken based on the experience how fast 

Stockholm’s DHS developed from small DH networks to a large regional network [25]. This 

is the reason for choosing to perform the analysis for the time period from 2030 to 2040 as 

well. It is also assumed that the waste amounts in the counties would follow the population 

trend (according to ITPS [26], by the year 2030 the populations would increase by 1.2 % in 

Västra Götaland, and by 1.1 % in Östergötland and Jönköping counties)  and that all the 

available  waste would be used for CHP production. It is also assumed that the capacity of the 

BCHP plants in the DHSs (and consequently DH production in those plants) would be 30 % 

higher than today, that plants fuelled by coal would be phased out, and that the amount of 

waste heat delivered to the DHSs would be unchanged. Since DH production in natural 

gas-fuelled CHP (NGCHP) plants may be characterized not only by high economic benefits 

but also by a potential to decrease global GHG emissions [27], [28], [29], and since a 

well-developed natural gas supply network already exists in Västra Götaland, it is also 

assumed that the capacity of the existing NGCHP plant in this county would be unchanged. 

Oil is expected to be used only for peak demand during the winter (it is assumed that 2.5 % of 

annual DH production would be produced in oil-fuelled heat-only boilers). Furthermore, 

according to Göransson et al. [30] the DH demands in the DHSs would probably be 10 % 

lower compared to the present DH demands. Finally, the characteristics of the regional DHSs 

in the year 2030 were calculated based on the assumptions presented above (Figure 2, 

Figure 3 and Table 1). 



 

Figure 2. The annual DH and electricity productions with different technologies in the DHSs 

in Västra Götaland, Östergötland and Jönköping counties. (HOB = heat-only boiler). The data 

for the year 2011 was found in Svensk Fjärrvärme [24], while the data for the year 2030 were 

calculated based on the described assumptions. 



 

Figure 3. The annual fuel mixes used for DH and electricity production in the DHSs. The 

data for the year 2011 were found in Svensk Fjärrvärme [24], while the data for the year 2030 

were calculated based on the described assumptions. 

 

Table 1. The total power-to-heat ratio of the DHS (αekv) and the share of DH produced in 

CHP plants. 

  Västra Götaland Östergötland Jönköping 

Year  2011 2030 2011 2030 2011 2030 

αekv  0.162 0.379 0.182 0.387 0.110 0.294 

The share of DH 

produced in CHP plants 

 

(%) 

 

48 

 

64 

 

71 

 

94 

 

51 

 

69 
a) The total power-to-heat ratio of the DHS. 

The data about the industrial companies were compiled from energy efficiency audits that 

have been performed during the period 2010 – 2012. The energy efficiency audits were 

collected by the Division of Energy Systems at Linköping University and the Energy Agency 

of South East Sweden. Due to a non-disclosure agreement the industries included in the study 



are not presented by names but only by sector of trade (Table 2). Despite the fact that most of 

the industrial companies are located near a DHS in their respective counties (Figure 1), only 

28 % of them are connected to the DHS; 13 of the industrial companies are connected in 

Västra Götaland, 10 in Östergötaland, and 5 in Jönköping. 

Table 2. The industries included in the study. 
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10 Manufacture of food products 4 3 1 9 

13 Manufacture of textiles 4   4 

15 Manufacture of leather and related products 1   1 

16 Manufacture of wood and of products of wood and cork, except 

furniture; manufacture of articles  

of straw and plaiting materials 

1  2 3 

20 Manufacture of chemicals and chemical products 3 3  6 

21 Manufacture of basic pharmaceutical products and 

pharmaceutical preparations 

 2  2 

22 Manufacture of rubber and plastic products 6 2 1 9 

23 Manufacture of other non-metallic mineral products 5  1 6 

24 Manufacture of basic metals  1 2 3 

25 Manufacture of fabricated metal products, except machinery and 

equipment 

4 4 5 13 

27 Manufacture of electrical equipment 2   3 

28 Manufacture of machinery and equipment n.e.c. 5 4 3 12 

29 Manufacture of motor vehicles, trailers and semi-trailers 3   3 

30 Manufacture of other transport equipment 1 1 1 3 

31 Manufacture of furniture 1   1 

32 Other manufacturing 1  1 2 

33 Repair and installation of machinery and equipment 2 3  5 

Total 43 23 17 83 

 

2.2 Method for heat load analysis (MeHLA) 

Processes which can be converted to DH were identified and examined according to heat 

demand and time-dependency. After this, heat load duration curves for those processes and 

the present DH load duration curves for the industrial processes (for industrial companies 

which already use DH) were adjusted to the chosen time division (see beginning of the 



section 2). For each industrial company studied, the present and the predicted new DH load 

duration curves for each separate process (drying, space heating, hot tap water, melting, 

process heating and other) were introduced as input data to the MeHLA [15]. Some of the 

outputs from the MeHLA are DH load duration curves for the different unit processes for all 

of the industrial companies together. These outputs offer a possibility to identify which one 

of the processes has the highest potential to increase DH use in the industrial sector and 

which one of the processes has the highest potential to increase DH production in the base 

production plants during the summer. DH load duration curves for each respective industrial 

company, and DH load duration curves for each industrial sector of trade, are also outputs 

from the MeHLA. The outputs make it possible to identify which type of industry has the 

highest potential to increase DH use. The results can also be presented as monthly energy 

demands. 

2.3 Development of future EM scenarios (EMSs) for Sweden using ENPAC 

Two EMSs for Sweden for the year 2030 were developed using a tool called ENPAC [21], 

[22], [23]. The input data that were applied to the tool (Table 3) were world market fossil fuel 

prices, CO2 charges, and support for electricity produced from renewable energy sources 

(RES-E). The world market fossil fuel prices and the CO2 charges came from two future 

global EMSs which have been developed by the International Energy Agency (IEA) and 

described in “World Energy Outlook 2011” [31]. The first one is “New Policies Scenario” 

(EMS WEO-np) which is a scenario based on the recent government policy commitments. 

The second one is a scenario based on the energy policies which would enable the 2ºC target 

(more explained in Pachauri and Reisinger [32]) to be reached at a reasonable cost, known as 

“450 Scenario” (EMS WEO-450) [31]. The RES-E-support was based on the average values 

for Europe. 



When the electricity prices were calculated, the total generation cost (including the 

investment costs and the present values of the plants) in the “build” marginal plants (the term 

is explained more in Ådahl and Harvey [12]) was considered. Two “build” margins for the 

year 2030 were identified: CCP plants and natural gas combined cycle (NGCC) plants. 

Biomass will probably become even more subject to competition in the future, which would 

result in an increase of biomass price. According to Axelsson and Harvey [21], [22], the 

high-volume users with the greatest willingness to pay for the biomass will be the price-

setting groups for biomass in the future. Based on the input data to the ENPAC tool, two 

high-volume users of biomass were identified: CCP plants where biomass can be co-fired, 

and plants for Fischer-Tropsch diesel (FTD) production. When the biomass price was 

calculated, the costs for biomass transportation were included as well. It was assumed that the 

average cost for biomass transportation is €4.2/MWh [33]. 

The waste fuel price was calculated considering waste fuel fired condensing plants as the 

marginal users of the waste fuel (this is explained in more details in Axelsson and Pettersson 

[23]). 

When the DH prices were calculated a cost-based pricing principle was applied. This pricing 

principle estimates a DH price level considering both the heat generation costs and the heat 

distribution costs. The heat generation costs were calculated as annual average DH 

production costs considering the production technologies in the DHSs (Figure 2; year 2030). 

All production costs (electricity and fuel costs including taxes and fees, and operation and 

maintenance costs) were included in the calculations, as well as the revenues from the 

co-produced electricity; the revenues were included as negative costs. The heat distribution 

costs consist of four different categories of cost (see section 11.4 in Frederiksen, and Werner 

[13]): the distribution capital cost (which represent annual repayments of investment capital), 



the distribution heat loss cost, the distribution pressure loss cost, and the distribution 

maintenance cost. The distribution capital cost is parameter which is not known before 

building a DH network. Frederiksen and Werner [13] estimated this cost for 134 existing 

Swedish DH networks and presented them on a curve as specific capital costs (Figure 11.9 in 

Frederiksen and Werner [13]). Based on this curve, two different specific distribution capital 

costs were assumed in this study: €5/GJ and €10/GJ; considering these two costs two 

different DH price levels were calculated (see Table 3). When the distribution heat loss cost 

was calculated it was assumed that the relative heat losses in the DHSs are about 15 % (see 

section 5.3.3 in Frederiksen and Werner [13]), and when the distribution pressure loss cost 

was estimated it was assumed that the relative demand for electricity for pumping is about 

0.5 % of the heat delivery (section 10.3.2 in Frederiksen and Werner [13]). The specific 

distribution maintenance cost is assumed to be as large as 1 % of the specific distribution 

capital cost (see section 11.4 in Frederiksen and Werner [13]). 

 

 

 

 

 

 

 



Table 3. EMSs for the year 2030. The world market fossil fuel prices and the CO2 charges 

were taken from “World Energy Outlook 2011” [31]. The RES-E-support was based on the 

average values for Europe. 

EMSs  WEO-np WEO-450 

Input data 

World market fossil fuel prices excluding CO2 charges 

Crude oil (€/barrel) 88 73 

Natural gas (€/Mbtu) 9 8 

Coal (€/tonne) 82 56 

Energy policy instruments 

CO2 charge (€/tonne) 30 72 

RES-E support (€/MWh) 20 20 

RES-E quota (%) 20 20 

Output data 

Fossil fuel prices on Swedish EM including CO2 charges (€/MWh) 

Light fuel oil  74 75 

Natural gas  46 49 

Coal  23 35 

Electricity market 

Build margin  CCP NGCC 

Electricity price  (€/MWh) 67 86 

Biomass  market 

Marginal use of biomass  FTD production CCP 

Low grade biomass (€/MWh) 33 41 

Waste fuel  market 

Waste fuel (€/MWh) -19 -13 

DH market 

The lower DH price level (€/MWh) 

Västra Götaland  34 52 

Östergötland  6 24 

Jönköping  24 42 

The higher DH price level (€/MWh) 

Västra Götaland  37 55 

Östergötland  9 27 

Jönköping  29 47 

  

2.4 Estimating the effects on global GHG emissions 

The influences on global GHG emissions have been analysed considering the entire life cycle 

of the fuels. The values of GHG emissions are presented as CO2 equivalent (CO2eq) emissions 

(Table 4). The well-to-gate and combustion GHG emissions factors for the fossil oil and 

natural gas have been found in Edwards et al. [34]. The assumptions during the conversion to 

CO2eq are explained in Djuric Ilic et al. [35]. GHG emissions caused by electricity use in the 

industrial sector are estimated considering the “build” margin power plants (see section 2.3). 



The analysis is performed based on two different assumptions considering the future biomass 

availability. In the first part of the analysis, where it is assumed that the biomass is an 

unlimited resource, only GHG emissions from the biomass transportation are considered 

(Table 4). In the second part of the analysis, the marginal effects of the biomass use are 

considered assuming that an increased biomass use in the DHSs would lead to a decreased 

biomass use in plants for FTD production (marginal users of biomass in EMS WEO-np; 

Table 3) or to a decreased biomass use in CCP plants where biomass can be co-fired 

(marginal users of biomass in EMS WEO-450; Table 3). This will result in increased GHG 

emissions in the transport sector (EMS WEO-np; Table 4) or in increased GHG emissions in 

the power sector (EMS WEO-450; Table 4). Data about those GHG emissions were found in 

Axelsson and Harvey (2010), while data about GHG emissions during biomass 

transportation, waste combustion, and waste transportation were taken from Djuric Ilic et 

al. [35]. 

Table 4. GHG emissions factors used in the study (CO2eq kg/MWh). 

 WEO-np WEO-450 

Light fuel oil 320 320 

Natural gas 242 242 

Waste 102 102 

Electricity market 

Build margin CCP NGCC 

Marginal Electricity 679 345 

Biomass market 

Marginal use of biomass FTD production CCP 

Low grade biomass 118 336 

GHG emissions from the biomass transportation 10 10 

DH market 

DH production when biomass use is considered as CO2 emissions neutral 

Västra Götaland -164 -40 

Östergötland -192 -63 

Jönköping -134 -41 

DH production when marginal effects of biomass use is considered 

Västra Götaland -118 86 

Östergötland -146 63 

Jönköping -70 137 

Calculations of the GHG emissions factors of DH production for the year 2030 (Table 4) 

were performed based on the annual DH production fuel mixes and the annual electricity and 



DH productions in the DHSs (Figure 2). It is assumed that the electricity produced would 

cause a reduction of the GHG emissions in the power sector by decreasing the electricity 

production in the “build” margin plants. As a consequence, since the electricity production 

per 1 MWh DH produced is high in all DHSs (Table 1; the year 2030) the GHG emissions 

factors of DH production are negative in most of the analysed cases (Table 4). This means 

that the DH production leads to a reduction of GHG emissions in the power sectors, which 

are higher than the GHG emissions from the fuel combustion in the DHS. The only case 

where the GHG emissions of DH production are positive is when CCP plants are assumed to 

be the alternative users of biomass and when the marginal electricity is produced in NGCC 

plants. In this case the increased biomass use in the DHS, leads to an increased coal use and 

to increased GHG emissions in the power sector. At the same time the reduction of the GHG 

emissions caused by the electricity production in the DHS is lower, due to the lower GHG 

emissions from the marginal electricity production. 

3. Results and discussion 

The changes in energy use in the industrial companies, after the conversion of industrial 

processes to DH, were estimated and presented in Table 5. The DH use in the industrial 

companies before and after the conversion have been divided into unit processes (Figures 4, 5 

and 6). 

When conversion of electricity-driven compression coolers to DH-driven absorption coolers 

is considered, it is assumed that the coefficient of performance (COP) of compression coolers 

is 3 and that the COP of absorption coolers is 0.7 [16]. As a result, the DH use for cooling 

production is approximately 4.2 times higher than the electricity use. In all analysed counties 

the potential for the conversion to DH-driven absorption coolers is found, which results in 

higher DH demands compared to the decreases in electricity, fossil fuel and biomass uses 



(Table 5). The ratio between the primary energy use for cooling production with DH-driven 

absorption coolers and the primary energy use for cooling production with electricity-driven 

coolers is highly dependent on the DH production and electricity production technologies 

assumed. This ratio is lower than 4.2 but it still indicates higher primary energy use for the 

absorption-cooling production. 

Table 5. Changes in energy use in the industrial companies (GWh/year). 
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Electricity use -13 -18 -9 

Oil use -20 -11 -3 

Biomass use - - -22 

Natural gas use - -8 - 

DH use +44 +84 +40 

 

Figure 4. Monthly DH demand in different support and production processes in the industrial 

sector in Västra Götaland. 



The DH use in the companies in Västra Götaland has a potential to increase more than 

4 times (from 14 GWh to 58 GWh annually; Table 5). Presently, more than 95 % of the DH 

use in those industrial companies is used for space heating and hot tap water (approximately 

11 GWh annually) and there is a potential to increase this DH use by 150 % (up to 27 GWh 

annually). There is also a potential for using the DH for heating (production processes in the 

manufacture of food products and the manufacture of textiles), drying (production processes 

in the manufacture of food products) and for DH-driven absorption-cooling (comfort-cooling 

and process-cooling in the manufacture of rubber and plastic products). However, even after 

the conversion to DH, the DH use for space heating and tap hot water still accounts for the 

largest part of the total DH use in those companies (approximately 60 %). The DH use for the 

heating, the drying and the cooling account for approximately 9 %, 6 % and 23 % 

respectively (Figure 4). 

Ten of the industrial companies in Östergötland are already connected to the local DHSs for 

the purpose of space heating and hot tap water use (Figure 1). Thus, no significant potential 

for DH use increase for space heating in those companies is found (Figure 5). The highest 

conversion potential to DH in this county is the conversion of the cooling in industrial 

processes to DH-driven absorption-cooling. This conversion potential is found in the 

manufacture of chemicals and chemical products, the manufacture of basic pharmaceutical 

products and pharmaceutical preparations, and the manufacture of rubber and plastic 

products. After the conversion, the largest part of the DH is still used for space heating 

(Figure 5). The DH use for space heating accounts for approximately 45 % of the total DH 

use while the DH use for DH-driven absorption-cooling accounts for approximately 35 % of 

the total DH use. The annual DH use in the industrial companies in Östergötland has a 

potential to increase by 100 %, from 84 GWh to 168 GWh annually. Since the largest part of 

the process-cooling converted to DH-driven absorption-cooling was supplied by electricity 



driven compression chillers, the conversion to DH results in a significant decrease of 

electricity use (Table 5). 

 

Figure 5. Monthly DH demand in different support and production processes in the industrial 

sector in Östergötland. 

The analysed companies in Jönköping could increase their use of DH by more than 9 times 

(from 5 GWh to 45 GWh annually). The conversion to DH drying and DH space heating are 

the largest contributions to the possible increase in DH use (Figure 6). Those two processes 

account for 70 % of the total DH use after the conversion. The potential for converting to DH 

drying (approximately 15 GWh annually) is found in the manufacture of wood and of 

products of wood and cork, and in the manufacture of machinery and equipment. In this 

county there is a potential to decrease electricity, oil and even biomass use. The decrease in 

biomass use is suggested since one of the companies produce the heat in a biomass-fuelled 

HOB, which  would be taken out of operation due to its age by the year 2030 (Table 5). 



 

Figure 6. Monthly DH demand in different support and production processes in the industrial 

sector in Jönköping. 

The types of processes which can be converted to DH differ depending on the industry 

(Table 6). 

 

 

 

 

 

 

 



Table 6. An overview of the processes which can be converted to DH in different types of 

industry. 

Ind. 

code a) 

 

Branch 

Type of the processes which can be 

converted to DH 

DH supply temperatures 

required b) 

10 Manufacture of food products Preheating water for dishwashing 70˚C - 75˚C 

Drying ˃ 45˚C c) 

13 Manufacture of textiles Preheating water for washing clothes 35˚C - 100˚C 

16 Manufacture of wood and 

products of wood and cork 

 

Drying 

 

65˚C - 120˚C d) 

20 Manufacture of chemicals and 

chemical products 

 

Process-cooling 

 

70˚C - 120˚C e) 

21 Manufacture of basic 

pharmaceutical products and 

pharmaceutical preparations 

 

Process-cooling 

 

70˚C - 120˚C e) 

22 Manufacture of rubber and 

plastic products 

 

Process-cooling 

 

70˚C - 120˚C e) 

28 Manufacture of machinery and 

equipment n.e.c. 

 

Drying 

 

˃ 100˚C 

  Comfort-cooling f) 70˚C - 120˚C e) 
a) Industrial code. 
b) The DH supply temperatures are calculated assuming that difference between primary and 

secondary temperatures of the heat exchanger between the DH networks and the DH demand sides 

is about 5˚C [13]. 
c) The optimal temperature for drying of food is depending on the type of food up to 60˚C. However, 

drying processes and equipment might require higher temperatures [36]. 
d) The temperature required for wood drying depends of the drying technology available. The dryers 

come in a variety of types and configurations [37]. 
e) The COP of absorption chiller highly dependent on the power medium temperature. It increases 

from 0.4 to 0.75 when the power medium temperature increases from 70˚C to 120˚C [38], [39]. 
f) The comfort-cooling demand may be found in all types of industry. 

A generalization of how the processes can be converted to DH cannot be taken due to the 

variety of technologies applied. 

3.1 Influences on the local DHSs 

As the results from the study show, the present DH use in the analysed industrial companies 

differs significantly depending on the county (Figures 4, 5 and 6). This is due to the fact that 

the existing DHSs in those counties are not equally developed (Figure 1). Thus, in order to 

facilitate the connections of the industrial companies, the DHSs should be more developed 

and connected. Another change in the DHSs that will be necessary to consider is the supply 

temperature during the summer. The supply temperatures in Swedish DHSs usually vary 

during the year; it is higher during the winter (120 ºC) and lower during the summer (71 ºC). 



The lower supply temperature during the summer enables increased electricity efficiency 

(power-to-heat ratio) in the CHP plants [13]. This means that the industrial processes which 

required temperatures about 70 ºC or lower can be converted to DH without changes of the 

DH supply temperature. On the other hand, in order to convert the industrial processes which 

require temperatures higher than 71 ºC (e.g. DH-driven absorption-cooling) to DH the supply 

temperature in the DHS during the summer must increase. For the same reason the DH use in 

industrial processes cannot be significantly increased if the existing DHSs were to be 

replaced by the fourth generation of DHSs. The fourth generation of DHSs is characterized 

by lower supply temperatures which subsequently results in lower heat distribution heat 

losses. This enable heat delivering to longer distances, and subsequently DH use in the areas 

with low DH demand (e.g areas with single-family houses). The lower temperature in fourth 

generation of DHSs also enables higher power-to-heat rations in the CHP plants and higher 

output capacities from: industrial residual heat, fuel gas condensation from combustion of 

biomass and waste, and connected solar heat collectors. 

On the other hand, the increased DH production for the industrial processes during the 

summer includes an increased utilization period of the CHP plants, which may (despite the 

lower power-to-heat ratio in those plants) result in higher electricity production and 

subsequently to higher revenues from the electricity sold. The higher electricity production 

also opens a possibility for a reduction of global GHG emissions by decreasing the marginal 

electricity production in the power sector (see section 2.4). 



 

Figure 7. Influences on DH production. 

The results show that the increased DH use in the industrial processes in Västra Götaland, 

Östergötland and Jönköping counties leads to local DH demand curves which are less 

dependent on outdoor temperature. During the summer vacation (which is usually in July in 

Sweden) the most of the analysed industrial companies close down their production 

processes. Despite this fact, the increase of the DH demand in the DHSs is higher during the 

period from May to September than during the rest of the year in all analysed counties 

(Figure 7). This implies that the operation of the DH production plants is carried out more 

efficiently and that the utilization time of the CHP plants is increased. The load duration 

curves for DHSs in the analysed counties before and after the conversion to DH in the 

industry are shown in Figures 9, 10 and 11 (Appendix). DH-driven 

absorption-comfort-cooling production has the highest potential to decrease seasonal 



variation of DH production in the DHSs, due to the fact that the cooling demand is the 

highest during the summer when the space heating demand is the lowest. This can be noticed 

in the Figure 4, where the comfort-cooling accounts for approximately 20 % of the total DH 

use in the industrial companies in Västra Götaland.  

When the increase of the electricity production was calculated the new DH demand in the 

industry was divided into two parts: the one which load duration curves have the same form 

as the DH load duration curves in the local DHS, and the rest of the DH demand (which 

causes the changes in the form of the DH load duration curves in the DHS). From the first 

part of the DH demand the increase of the electricity production was calculated using the αekv 

of the DHS (Table 1). From the second part the DH demand the increase was calculated 

assuming that this DH would be produced only in CHP plants (in the NGCHP plant in Västra 

Götaland and in the BCHP plants in Östergötland and Jönköping counties). Due to the largest 

increase in DH use in Östergötland (84 GWh annually; Table 5) the increase of the electricity 

production in this county is the highest (37 GWh annually).  The increases of the electricity 

production in Västra Götaland and in Jönköping are 28 GWh annually and 15 GWh annually. 

Despite the fact that the increases of DH use in Västra Götaland and in Jönköping are almost 

equal, the increase of electricity production in Västra Götaland is twice as high. The reason 

for this is that there is a higher total power-to-heat ratio in the local DHS in Västra Götaland 

(Table 1). Furthermore, there is a higher power-to-heat ratio in the NGCHP plant (base 

production in the DHS in Västra Götaland) compared to the BCHP plants (base production in 

the DHS in Jönköping) as well.  

3.2 Economic evaluation of the conversion to DH 

Most of the industrial companies included in the study are in the areas where the DHSs are 

developed (see Figure 1). The existing of the large regional DHSs in the future (the 



assumption mentioned in section 2.1) will decrease costs for the connection of the analysed 

industrial companies to the DHSs. The investments for the connection should be made by the 

DH companies. The annual repayments of the investment capital for the construction of the 

DH networks are included in the DH prices (see section 2.3). 

In order to connect the production processes into DH networks, some changes to the 

processes are usually required. The investments for conversion of industrial processes to DH 

depend not only on the type of the process but also on the technology applied. These 

investments cannot be calculated without detailed descriptions of the processes, which 

unfortunately were not available for the authors of this study. Therefore, when economic 

evaluation of the conversions to DH was performed the required investments for these 

changes were not included. Instead, only the energy costs changes for the industrial 

companies were analysed. 

Table 7. Energy costs changes (thousand €/year) in the analysed industrial companies 

considering two different DH price levels (see section 2.3). 

EMS WEO-np WEO-450 

Energy costs changes when the lower DH price is considered 

Västra Götaland -0.92 -1.06 
Östergötlands -1.91 -2.03 

Jönköping -0.64 -0.80 

EMS WEO-np WEO-450 

Energy costs changes when the higher DH price is considered 

Västra Götaland -0.12 -0.27 
Östergötlands -0.40 -0.52 

Jönköping 0.08 -0.08 

 

Almost in all analysed cases the conversion to DH leads to a decrease in energy costs for the 

industrial companies (Table 7). The results are highly sensitive on the DH price level. The 

highest potential for decreasing the energy costs is found in Östergötland (Table 7), where 

waste-fuelled CHP plants produce 56 % of the total DH production (year 2030; Figure 2). 

The decrease of the energy costs in Östergötland is two times higher than the decrease of the 



energy costs in Västra Götaland when the lower DH price level is considered, as well as 

when the higher DH price level is considered in combination with EMS WEO-450. When the 

higher DH price level is considered in combination with EMS WEO-np, the decrease of the 

energy costs in Östergötland is more than three times higher than the decrease of the energy 

costs in Västra Götaland. The conversion of industrial processes from biomass to DH was 

shown to be least profitable; the energy cost saving for the industrial companies in Jönköping 

is lowest. 

Another option which can be interesting for the industrial companies, in order to improve 

their economy and increase their energy efficiency, is implementation of small-scale CHP 

production at the industrial plant site. By applying this business strategy industrial companies 

will have a possibility to increase their incomes by selling the co-produced electricity, and to 

decrease fossil fuel and electricity use for industrial processes by converting these processes 

to heat (excess heat from the CHP production). This business strategy is especially interesting 

for industrial companies whose production includes medium-temperature processes, since 

these processes can be supplied with steam directly from the CHP plant. However, 

introduction of a small-scale CHP plant in the industry would require both high investments 

and available space for building the plant. Therefore, this option can be interesting only for 

larger industrial companies. Furthermore, due to a higher flexibility in the fuel mix in the 

DHSs, conversion of industrial processes to DH leads to a higher security of supply 

compared to the implementation of small-scale CHP production at the industrial plant site. 

From a global perspective, considering impact on global GHG emissions and impact on the 

global fossil fuel use, the implementation of small-scale CHP production is a worse strategy 

also because of the lower electricity and total energy efficiency of these plants compared to 

the large CHP plants which usually exist in DHSs. 



3.3 Effects on global GHG emissions 

When biomass is considered to be an unlimited resource (see section 2.4), the conversion of 

the industrial processes to DH results in a considerable reduction of GHG emissions in all 

analysed cases (Figure 8). Due to different GHG emission factors of DH production (Table 4) 

and due to different changes in energy use in the industrial sectors (Table 5), the potential 

GHG emissions reduction for the analysed cases differ significantly. When the marginal 

electricity is produced in CCP plants (WEO-np) and when the marginal effects from biomass 

use are not considered, global GHG emissions reduction is between 22 thousand tonnes of 

CO2eq and 58 thousand tonnes CO2eq per year, depending on the case studied. When the 

marginal electricity is produced in NGCC plants (WEO-450) the reduction of GHG emissions 

as a result of electricity production is 50 % lower due to a lower GHG emissions factor from 

the marginal electricity production (Table 4). Thus, in the EMS WEO-450 and when the 

biomass is considered as an unlimited resource, global GHG emissions reduction after the 

conversions to DH are then between 50 % and 67 % lower than in the EMS WEO-np 

(depending on the county). 

A decrease of 1 MWh electricity use for industrial processes leads to a higher GHG 

emissions reduction than a decrease of 1 MWh fossil oil or a decrease of 1 MWh natural gas 

use (comparing the GHG emissions factors for marginal electricity, light fuel oil and natural 

gas; Table 4). Thus, when the marginal effects from biomass use are not considered, the 

greatest benefits for GHG emissions reduction are achieved in Östergötland (Figure 8), where 

the decrease of electricity use in the industrial processes (Table 5), as well as the increase of 

electricity produced in the DHS (see section 3.1) are highest. Furthermore, the GHG 

emissions factor concerning DH production in DHS in Östergötland is lowest (due to the 

benefits from the electricity production in CHP plants; see section 2.4 and Table 4). 

Consequently, when the marginal effects from biomass use are not considered the GHG 



emissions reduction achieved in Östergötland is approximately 52 % (EMS WEO-np) and 

50 % (EMS WEO-450) higher compared to the reduction in Västra Götaland, and 

approximately 170 % (EMS WEO-np) and 184 % (EMS WEO-450) higher compared to the 

reduction in Jönköping. 

If the alternative use of biomass is FTD production and if the marginal electricity is produced 

in CCP plants (the EMS WEO-np when the marginal effects from biomass use are 

considered), the conversion of the industrial processes to DH in the analysed counties still has 

potential to contribute to the reduction of global GHG emissions. However, the potential for 

global GHG emissions reduction is between 10 % and 13 % lower compared to the reduction 

when biomass is considered to be an unlimited resource and when the same EMS is 

considered. 

If CCP plants are assumed to be the alternative users of biomass and if the marginal 

electricity is produced in NGCC plants (the EMS WEO-450 when the marginal effects from 

biomass use are considered), the conversion of the industrial processes to DH would not 

signify a considerable potential for reduction of GHG emissions. In this case the increased 

biomass use in the DHS, leads to an increased coal use in the power sector and consequently 

leads to increased GHG emissions. At the same time the benefits (considering reduction of 

GHG emissions) from the increased electricity production in the DHS (see section 3.1) are 

lower, due to the lower GHG emissions from the marginal electricity production (Table 4). 



  

Figure 8. Annual potential change in global GHG emissions. 

4. Conclusion 

Conversion of industrial processes in to DH, implies a possibility to decrease dependency on 

fossil fuels and electricity in industrial sector and leads to a more efficient operation of the 

DH production plants in the local DHS. This may have effects on both global GHG emissions 

and the primary energy use. 

The production processes which can be converted to DH differ depending on the industry. 

The potential for converting to DH drying is found in the manufacture of wood, the 

manufacture of machinery and equipment, and in the manufacture of food products. 

Compared to the other production processes, drying is characterized by having the most 

constant demand curve over a month, regardless of working hours. The potential for 

converting to DH heating is found in the manufacture of food products and the manufacture 

of textiles. In these industries DH heating can be used for preheating water for dishwashing 

and washing clothes. The potential for the utilization of DH-driven 



absorption-process-cooling is found in the manufacture of chemicals and chemical products, 

of basic pharmaceutical products and pharmaceutical preparations, and the manufacture of 

rubber and plastic products. The support process in the industry, which has the highest 

potential to increase the utilization of the base load plants when converted to DH, is 

comfort-cooling. This is due to the fact that comfort-cooling demand is at its peak during the 

summer when the DH demand is lowest. The introduction of DH-driven 

absorption-comfort-cooling would also contribute to avoiding the peak demand of electricity 

for compression-cooling production during the hottest summer days.  

Calculations based on the estimated DH production mixes in the DHSs (see section 21) and 

the assumed EMSs (see sections 2.3 and 2.4) indicate that an increased use of DH in the 

analysed companies leads not only to lower energy use costs but also to decreased global 

GHG emissions. However, the potential for decreasing the energy costs for the industrial 

companies highly depends on the DH price, while the potential for decreasing global GHG 

emissions highly depends on the marginal effects of biomass use and the type of marginal 

electricity production. 
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Appendix 

Table 8. Time division 

Day Hour Day Hour 

November - March April - October 

weekday 06 - 07 weekday 06 - 22 

 07 - 08  22 - 06 

 08 - 16 weekend, holiday 06 - 22 

 16 - 22  22 - 06 

 22 - 06  

peak day 06 - 07   

 07 - 08   

 08 - 16   

 16 - 22   

 22 - 06  

weekend, holiday 06 - 22   

 22 - 06   

    

    

 

 

Figure 9. The load duration curve in the DHS in Västra Götaland County before and after 

conversion to DH in the analysed industries. 



 

Figure 10. The load duration curve in the DHS in Ostergötland County before and after 

conversion to DH in the analysed industries. 

 

 
Figure 11. The load duration curve in the DHS in Jönköping County before and after 

conversion to DH in the analysed industries. 
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