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Executive summary 
 

This report forms a background study as part of the SO WHAT project funded as part of the European 

Union (EU) Horizon 2020 programme, grant agreement number 847097. The project aims to develop 

a resource to assist industries and energy utilities in selecting, simulating and comparing alternative 

waste heat and cold technologies that can cost effectively balance the local heat and demand. 

The report describes two methods for estimating the waste heat potential across the EU found in the 

literature. These estimates are then updated using the most recent available energy consumption 

data from the EU and the outcomes of the two methods compared. 

The report reviews methods of waste heat and cold recovery used in different industries and 

demonstration countries involved in this project and discusses barriers to their implementation. 

The recoverable waste heat potential is calculated to be 187TWh per year by method 1 and 167TWh 

per year by method 2. 

These overall calculations provide an overall estimate for waste heat potential but lack the granularity 

describing the size of waste heat sources and do not reflect the waste heat potential of a single city 

or region. The SO WHAT tool will enable smaller scale views of waste heat potential to be built up 

enabling understanding and exploitation. 

Approximately 2.9TWh of electricity might be generated per year from the recovered cold energy of 

liquid natural gas regasification in the EU. The technology to do this is proven but take up is very 

limited in the EU. Save for the regasification of LNG there is very little data available describing waste 

cold sources. 

Studies cited in this report show that the majority of sinks for recovered waste heat from industrial 

processes can be found on the same site in which the waste heat is generated and that most of the 

waste recoverable waste heat produced by industry may be recovered economically. These studies 

also show that capital availability and perceived risk of implementation are the largest barriers to 

implementing energy recovery. 

The tool being developed by the SO WHAT project will allow improved mapping of local sources of 

waste heat and cold and calculation of associated costs and risks of exploitation. This will allow 

greater understanding and exploitation of waste heat and cold energy sources. 
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1 Introduction 
This report forms a background study as part of the SO WHAT project funded as part of the European 

Union (EU) Horizon 2020 programme, grant agreement number 847097. The project aims to develop 

a resource to assist industries and energy utilities in selecting, simulating and comparing alternative 

waste heat and cold technologies that can cost effectively balance the local heat and demand. 

The report starts by describing two methods for estimating the waste heat potential across the EU 

found in the literature. These estimates are then updated using the most recent available energy 

consumption data from the EU and the outcomes of the two methods compared. 

The report reviews best methods of waste heat and cold recovery used in different industries and 

discusses barriers to their implementation. 

2 Estimation of waste heat potential in the EU 
2.1 Objectives, data sources and assumptions 
To estimate the potential for waste heat recovery across the varied industrial sectors in the European 

Union, journal papers and previous European research project reports in this area were studied. This 

led to two methodologies being chosen to form the estimation of available waste heat and the 

recoverable potential for this study. The two methods were chosen for comparison as one uses a top 

down and the other a bottom up approach to estimation. Both methods are well referenced and have 

seen updates over the last 10 years. 

The first method is based upon the methodology described in a journal paper by Papapetrou et al (1) 

and the second is based on the approach taken in the I-Therm project in the literature review for that 

project (2). For both these methods the starting point is the final energy consumption for industries 

in each EU country, provided by the Eurostat database (3) as shown in Appendix 1 Table 1. The 

Eurostat database is provided by the statistical office of the EU and is a reliable source of data that 

will give consistency between the two estimation methods chosen and allow good comparison of the 

methods. The most recent figures available for energy consumption are those corresponding to 2017. 

The Eurostat database uses the unit of thousand tonnes of oil equivalent (ktoe). For this report the 

unit of a Tera Watt hours (TWh) is used (1TWh = 1012Wh).The first method also requires relative 

energy intensities per country, in the original study these were sourced from the Odyssee-Mure 

database. The Odyssee-Mure database is focused on energy usage and efficiency in the EU and is 

supported by Enerdata and the Fraunhofer Institute. For repeatability of the underlying study the 

same data source was chosen, but using the most recent  available data from 2016. 

 

2.2 Methodologies used 
2.2.1 Method 1 
The first method is based upon a calculation of the percentage of heat demand that is recoverable 

from surplus heat output from major industrial processes. This calculation methodology was first 

proposed by Hammond et al (4) in a study using data from a 2002-2003 industry study. 
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This method uses a top down approach based on two key reference studies in two EU countries with 

significant levels of industrial activity. A 2012 study of the energy consumption by end use for industry 

in Germany is used to estimate the percentage of energy consumption that is used for heat demand. 

A study of industrial sites in the UK in the period 2000-2003 is used to estimate the percentage of 

heat demand that is recoverable from waste heat. This percentage is then modified to be country 

specific, by using the ratio of energy intensity between each country and the UK but is clearly still 

heavily dependent upon the initial percentage from the UK study. The accuracy of this method is 

dependant on the validity of projecting the results of these two country specific studies to represent 

industry across the EU. 

Step 1 

The proportion of heat demand that is output as surplus heat in a recoverable form in specific 

temperature bands in each UK Industry is termed a waste heat fraction (WHF). These WHFs are 

calculated by applying practical recovery efficiencies for the three main methods of waste heat 

recovery for UK industries, calculated in a previous study by the same research group (5). The main 

methods for using waste heat stated are heat pumps, heat to chilling and heat to electricity. For heat 

pumps an efficiency of 55% of the maximum theoretical efficiency (Carnot’s efficiency) is used. Heat 

to chilling using absorption chillers is split by temperature range. Below 170°C a single effect chiller is 

assumed to be used with an efficiency of 0.7 and above this a double effect chiller, with an efficiency 

of 0.8 is assumed. Heat to electricity is assumed to be done by Organic Rankine cycle technologies 

below 400°C and traditional Rankine cycle technologies above this. Net efficiencies reported by 

manufacturers of these technologies spanning the temperature range have been used to model an 

efficiency vs temperature for Rankine cycle technologies. This gives a percentage of the Carnot’s 

efficiency for heat to electricity that is in the range 40-50%.  

Step 2 

The WHFs calculated for the UK in step 1 are used as a reference case to create equivalent fractions 

for industries in countries in the EU. This is done by using the relative difference in Energy Intensity 

(EI) for each EU country compared to the UK in the period 2000-2003. These EIs are sourced from the 

Odyssee-Mure database (6). 

Step 3 

The WHFs for each country and industry are updated by comparing the average EI of each country in 

2000-2003 with that countries EI in 2016 from the Odyssee-Mure database.   

Step 4 

The final step applies these WHF to heat demand data for Industries in each EU country. Heat demand 

is calculated by combining the energy consumption data with a measure of each industry’s energy 

heat share percentage from a German study by Naegler et al (7). This study was conducted on data 

from German industries in 2012 and shows the proportion of energy consumed in each industry by 

end use. These end uses are warm water, space heat, process heat, process cooling, space cooling, 

information & communication, mechanical energy and lighting. The study identifies the first three of 

these as energy consumed for heat demand. These proportions are used for every country in this 

study. 
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2.2.2 Method 2 
The second method is based upon the estimation methodology used in the I-Therm project that uses 

estimated energy recovery percentages for each Industry that are based upon calculations from a 

study estimating global waste heat potential by Forman et al (8). 

This method uses a bottom up study of all the technologies that are used in each industry to estimate 

surplus output energy streams with recoverable waste heat at three temperature levels. The energy 

consumption for each industry is proportioned into these temperature bands based on the number 

of technologies the industry has in each temperature band. These proportions are then assumed to 

be identical across every country’s industries. The accuracy of this method is clearly heavily 

dependent upon how close to this standard proportion of energy consumption and specific 

technology usage each country’s industries are. 

Step 1 

Data are derived from a global Sankey diagram for energy flows for all primary carriers (power 

sources) to all users (Electricity generation, Industrial, Residential and Commercial) with their output 

split into energy service (used in process) and rejected energy (waste) in 2012. The study allocates the 

types of energy for each ‘user’ to technologies grouped into several sectors. These technologies have 

balance factors that show the energy service share as well as splitting the rejected energy into 

recoverable waste streams (exhausts & effluents at a temperature) and non-recoverable energy 

(losses). For example, an electric arc furnace (EAF) is one of the technologies in the Iron and Steel 

sector that uses energy in the form of electricity. An EAF has a balance factor of 55% to energy 

service, 18% to recoverable waste and 27% to losses. Of the recoverable waste 55% is an exhaust 

(bound to gas) at 1000°C and the remaining 45% is effluent (output as liquid) at 85°C. Technologies 

across all sectors are estimated and used to make an estimation of the percentage of input energy 

that is then output in a recoverable form in three temperature bands for each industry. 

Step 2 

A second percentage based on Carnot’s technical work potential calculates the maximum 

theoretically recoverable energy from each of these waste energy streams, by applying Carnot’s 

theorem. The overall percentages for industrial users are shown in Error! Reference source not 

found. below. Note that the Carnot energy is the percentage of the total input energy that may be 

recovered. 

Table 2-1: Waste heat & Carnot’s potential percentages for Industrial users by temperature band 

Temperature 
Band 

Low 

(<100°C) 

Medium (100<300°C) High 

(≥300°C) 

Waste Heat 12.60% 6.00% 11.40% 

Carnot’s 1.73% 2.04% 6.43% 

 

The method used in the I-Therm report proportions the waste heat from each industrial sector into 

these temperature bands and is described in more detail in a journal paper by Panayiotou et al [9]. 

The industry specific waste heat and Carnot’s potential percentages are shown in Table 2-2. 
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Table 2-2: Industrial sector specific waste heat & Carnot’s potential percentages 

Industry Waste Heat Carnot’s  

Iron & Steel 11.40% 6.40% 

Chemical & 
Petrochemical 

11.00% 5.13% 

Non-ferrous 
Metals 

9.59% 4.93% 

Non-metallic 
Minerals 

11.40% 6.40% 

Food & 
Tobacco 

8.64% 1.89% 

Paper, Pulp & 
Print 

10.56% 4.59% 

Wood & 
Wood 
Products 

6.00% 2.00% 

Textile & 
Leather 

11.04% 2.72% 

Other 
Industry 

10.38% 4.84% 

Step 3 

The second and final step applies these percentages to the energy consumption data for industries in 

each EU country, from the Eurostat database (3). 

 

3 Estimation of waste heat & cold potential 

 This section applies the two methods described in section 2 to the EU energy consumption data from 

2017, the most up to date data available. Section 3.1 compares the estimates from both methods 

totalled across all countries to show an EU wide comparison per industry. The results per industry 

comparing each country’s estimated potential from both methods are then discussed in section 3.2. 

The EU energy consumption data for industry in 2017 is shown in Table A-1 of Appendix 1. This data 

is expressed as a percentage of each country’s total energy consumption in Table A-2 of Appendix 1. 

Appendix 2 contains seven figures that represent each country’s estimated waste heat potential in 

the seven industry categories used in this study.   

3.1 Recoverable Waste Heat Potential for the European Union 
Figure 3-1 shows three different quantities of energy in the EU across the major industries for 2017. 

The blue bar for each industry represents the total consumption of all forms of energy. The middle 

red bar is an intermediate step in method one and represents the energy used to meet demand for 

heat in the respective industries. The final grey bar is an intermediate step in Method 2 that 

represents the total surplus energy output as heat in each industry. 
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Figure 3-1: Energy consumption, heat demand and waste heat in the EU 

The total energy consumed in 2017 across all industrial sectors in the EU is 3400 TWh. The two largest 

consumers are the Iron & Steel and Chemical & Petrochemical industries with both having an 

approximate 18% share of this total. Similar results are seen in the proportion of this energy that is 

used for heat and the surplus waste heat that is output from this. These two industries are estimated 

to each output 70 TWh of surplus waste heat annually across the EU. It should be noted that waste 

heat in the iron and steel industry is mainly at higher temperatures, about 60% of waste heat streams 

are over 1000°C, than the petrochemical industry, about 70% of waste heat is in the range 400-500°C. 

The rest of the waste heat streams in both industries are at lower temperatures. 

The recoverable waste heat potential is calculated to be 187 TWh per year by method 1 and 167 TWh 

per year by Method 2. 

Figure 3-2 shows a comparison of the results for total estimated recoverable waste heat potential in 

the EU by the two methods described across major industries in 2017. The two methods are shown 

to have reasonable correlation for most industries, with Iron & Steel and the smaller industries classed 

as Wood, Textile and Other Industries the exceptions to this. 
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