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Executive Summary
Introduction, Background and Aims
This annex was originally suggested by the US (Jim Quinn) in 2008. Due to lack of resources in the
US, Sweden volunteered to be responsible for the Annex Manager work in 2011. Based on the original
proposal for a 5-year project, the Annex Manager Thore Berntsson made a proposal for a first 1.5-year
phase for the annex. This proposal was approved by the Executive Committee in 2011
The main background for this annex is the increasing awareness about industrial excess heat as a
potential resource for contributing to an improved economy and sustainability in larger systems.
Although industrial excess heat has been used and is being used to a large extent internationally, the
potential for an even wider use is considered to be substantial. It can be used






internally in an industry for primary energy saving
in another industry or other industries in an industrial cluster
between an industry/ industrial cluster and a district heating system
between an industry/industrial cluster and e.g. greenhouses or for other low-temperature
purposes
as a heat source in refrigeration plants for industrial or district cooling

This report contains the results from the first phase of the annex, as well as a proposal for the second
and final phase. The main aspects included and findings are presented below.
In Phase 1, Denmark, Germany, Norway, Portugal, Sweden and the US have participated. There have
been five telephone conferences and two workshops during Phase 1.

Industrial Excess heat – a definition
Excess heat can, in part, be used internally or externally in many situations. Several definitions and
concepts exist about this, e.g. waste heat, surplus heat, secondary heat, low-grade heat, black, white or
green excess heat. To overcome this confusing situation, we suggest the following definitions and
concepts:
Excess heat is the heat content of all streams (gas, water, air, etc.) which are discharged from
an industrial process at a given moment. A part of that can be internally or externally usable
heat, technically and economically. If heat from a process is used externally and cannot be
used internally as an alternative (see below about true excess heat), it can be called white
excess heat. If it is of biomass origin, it can be called green excess heat (a mixture is also
possible). If the heat could have been used internally instead, technically and economically, it
can be called black excess heat. Non-usable excess heat is the remaining part of the excess
heat, when the internally and externally usable parts have been deducted. This part can be
called waste heat. The often used term true excess heat can be defined as white or green
excess heat, depending on fossil or biomass origin.

Methods for Assessing Industrial Excess Heat
Several approaches for performing inventories of excess heat amounts, temperature levels and types
(air, water, gases, etc.) have been developed and applied.
Normally, methods for identifying excess heat is classified as either top-down or bottom-up methods.
Furthermore, the identified potentials could be the theoretical, technical or economic potential. The
term theoretical potential is ambiguous, e.g. whether it relates to the thermodynamic potential or not.
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The top-down approach: Starting from the primary energy use, assumptions about efficiencies and
distribution of the energy use allows to estimate the excess heat potential for different sectors. The
method hardly allows to conclude on excess heat temperature levels and availability.
The bottom-up approach: Using questionnaires, or even measurements, specific data from
representative companies and sites is collected. Depending on the level of detail of the questionnaire
this method allows drawing conclusions on the technical potential for a given company or sector.
Measurements are by far the most complex method. A number of companies/sites needs to be screened
and there could be a conflict with confidentiality of process data.
The top-down and bottom-up approach could also be combined.
In one of the workshops in Phase 1, which took place in Lisbon, experiences of different approaches in
participating countries were discussed.
The actual excess heat temperature level in an industry is the temperature of the cold utility used, i.e.
cooling water, air, etc. However, the possible temperature level for collecting excess heat is higher, as
an improvement in the heat exchanger network can increase the temperature level for a given amount,
sometimes considerably. These aspects are important in excess heat projects. A process integration
tool, called Advanced Pinch Analysis Curves, is available for e. g. this purpose and described in the
report.

Availability of Industrial Excess Heats in Different Types of Industry
Through literature surveys and inputs from country participants, a compilation of existing studies
regarding excess heat amounts, temperature levels and phase (steam, water, air, gases) in industry has
been performed. Industry types include food, pulp and paper, chemical plants, iron and steel, cement,
oil refineries and aluminium. This compilation is presented on a country basis. The countries included
are Norway, Denmark, Germany, Austria, Switzerland, UK, Canada, US, France, China and Sweden.
Due to the limited resources and time in the first phase of the annex, no more detailed work or
comparison between different findings were performed. Such a comparison was, however, identified
as a very important area for future work.

Technologies and systems for excess heat recovery/usage
Technologies for excess heat recovery/usage can be classified as belonging to one of the groups
 Direct use without upgrading
 Use after upgrading, through heat pumping
 Power generation
With internal or external use
In systems with fluctuating or intermittent excess heat amounts, heat storage can be an interesting or
necessary part of an excess heat recovery system. This important area is studied in another IEA
Implementing Agreement, ECES. This area is therefore not included in this report.
Traditional technologies discussed are heat exchangers, industrial heat pumps, heat to district heating
systems, or from industry to industry, district cooling, low temperature applications (e. g. greenhouses)
and power generation in e. g. CHP plants. Emerging technologies and applications are new types of
power generation technologies (Organic Rankine cycles, thermoelectric devices) as well as usage for
drying (e. g. biomass) and in integrated biorefineries. One example of a future technology is industrial
CCS, in which heating (at relatively low temperatures) would be the by far most expensive part
without the use of excess heat.
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The main technologies/applications investigated in ongoing and planned pilot/demo projects in
participating countries are heat pumping, organic rankine cycles, thermoelectric devices, power
production at higher excess heat temperatures, district heating and internal heat recovery.

Policy instruments and Climate Consequences
All participating countries have or will have policy instruments of different types influencing the use
of excess heat, both internally and externally.
The existing or possible policy instruments for external use can be divided into at least four different
categories (of course number and types of instruments vary from country to country):





Regulatory/Administrative
Economic/Taxes/Subsidy
Information/Behavioural changes
Technical improvements/Research

The possible influence on the use of excess heat of these different categories is positive, neutral or
negative, as is shown in the report.
One of the most important policy instruments for excess heat use will be the ones directed towards
GHG emissions, especially for CO2. Regardless of how this is done fiscally, a charge on CO2 will
influence also future prices for fuel and emissions, which will have a high influence on the economy
for excess heat. To meet the uncertainties about the possible levels, different scenarios have been
developed by many organizations. One important example is IEA, which has developed three different
scenarios with very varying future CO2 charges. The influence on the economic viability of future
possible CO2 charges was identified to be an important area for further work.
One important possible competitor to industrial excess heat is combined heat and power
(cogeneration), CHP. The reason is that both technologies need a, normally large, heat sink. In a
comparison of climate effect aspects between the two technologies, performed in the project with
simplified conditions (for clarity), it was shown that probably the most important parameter for
reducing CO2 emissions through the use of excess heat is the build margin power production
technology in the power grid system. A comparison between GHG emissions from natural gas- or
biomass based- CHP and excess heat showed:



If the marginal power production technology in the grid is coal condensing plants, excess heat
cannot in most cases compete with CHP.
If the marginal power production technology is natural gas combined cycle (NGCC) or a
system with even lower emissions, excess heat is normally more advantageous than CHP.

These general findings are applicable to both fossil-fuel based and biomass based CHP. It is
reasonable to assume that less emitting margin technologies will be introduced more in the future.
Hence, there is a likelihood that excess heat will be one important technology for GHG emissions
reduction in future systems.
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Knowledge gaps and suggestion for further work
This report deals with most major aspects of industrial excess heat. There are, however, some areas
not included. Main examples are:




Different public attitudes towards the use of excess heat
NGO views on industrial excess heat (although briefly mentioned when discussing green,
white and black excess heat)
Business and market models needed/possible when using excess heat externally (including
cooperation models between cluster companies)

Some other aspects, being included but where it is important to go into more depth in further work, are:
Potential for industrial excess heat
Although much work in this area has been done, and included in the report, there is a strong
need for further studies. The national situations differ considerably, so more national studies
should be performed. In addition, during the work with this report it became clear to the group
that existing material can be used to draw more conclusions than has been done so far.
Methods for making inventory studies
In the report several approaches and experiences are discussed. However, this is a crucial area
for promoting the use of excess heat and more studies should be performed, as discussed above.
A synthesis of experiences and sharing of approaches, experiences and results from earlier and
planned studies is important.
Influence of policy instruments
It is most likely that policy instruments will change in the coming years, e. g. in order to
promote energy efficiency measures, use of sustainable energy resources and
technologies/systems reducing GHG emissions. This will influence both the economic
performance and the sustainability aspects for industrial excess heat usage. Hence, policy
instrument development will most probably be a crucial aspect for this area in the future.
Ongoing development of new technologies/systems for excess heat usage
In the report ongoing development in participating countries is discussed. However, this
development is continuously ongoing and should be revisited in the near future. In addition,
development also in other countries should be important to follow and describe.
Other main findings:
 All participants have found the cooperation within the annex and the knowledge exchange
very rewarding and has improved the knowledge in participating countries about industrial
excess heat usage.
 Definitions of different types of excess heat differ considerably between organisations and
R&D groups. It is important to develop a common terminology. IEA could be an
organisation to be responsible for this.
 Industrial excess heat has caught an increasing interest in recent years. The potential is most
probably considerable globally but difficult to quantify, given today’s knowledge about
availability and opportunities.
 Development of policy instrument levels and types will most probably have a high influence
on the economic viability to use excess heat in many countries. With possibly increasing
demands for GHG mitigation in the future, the policy instrument development may be
beneficial for the economic viability of industrial excess heat usage.
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Suggestion for a Continuation of Annex 15:
IEA, IETS, Annex 15, Task 2 – Opportunities for Industrial Excess Heat: Available
Resources and Possible Future Economy
Based on the discussions during Phase 1, described above, three of the areas highlighted above are
included in the suggestion for Phase 2 of the annex. In this task, each participant is required to
contribute with one or more projects, financed nationally, dealing with aspects of interest in one or
more of the three subtasks. All participants can participate in all parts of all meetings, regardless of the
area of the participant’s contribution from national funding.
The three suggested subtasks are:
Subtask 1: In-depth evaluation and inventory of excess heat levels
In the first phase, a compilation of existing studies and assessments of potentials for
industrial excess heat has been made. Time and resources in that phase did not allow a
more in depth analysis of existing knowledge or calculations of possible potentials based
on studies and knowledge of number and sizes of different types of industry. In Task 2,
the in-depth study will include comparisons between different studies of different types of
industry and comparisons with existing composite curves (from process integration
studies), to identify possible levels of excess heat versus size of the plant and degree of
energy efficiency (as far as possible with existing background material).
Subtask 2: Methodology on how to perform an inventory in practice
In the Phase 1 report, a compilation of top-down and bottom-up approaches to perform an
inventory in a real plant, is included. This subtask will deal with in-depth compilations of
results and experiences from earlier inventory projects as well as exchange of plans and
results regarding upcoming projects in participating countries.
Subtask 3: Possible policy instruments and the influence on future use of excess heat
In the Phase 1 report, a general discussion on the role of future policy instruments for the
economy of industrial excess heat usage as well as on the influence on the carbon
footprint for excess heat of policy instruments and future changes of the surrounding
energy system has been included.
In Task 2, an exchange of knowledge from ongoing and (today) planned projects in
participating countries as well as calculations showing the influence on the economy and
sustainability of industrial excess heat will be performed.
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Introduction, background and aims

This annex was originally suggested by the US (Jim Quinn) in 2008. Due to lack of resources in the
US, Sweden volunteered to be responsible for the Annex Manager work in 2011. Based on the original
proposal for a 5-year project, the Annex Manager Thore Berntsson made a proposal for a first 1.5-year
phase for the annex. This proposal was approved by the Executive Committee in 2011.
The main background for this annex is the increasing awareness about industrial excess heat as a
potential resource for contributing to an improved economy and sustainability in larger systems.
Although industrial excess heat has been used and is being used to a large extent internationally, the
potential for an even wider use is considered to be substantial. It can be used






internally in an industry for primary energy saving
in another industry or other industries in an industrial cluster
between an industry/ industrial cluster and a district heating system
for greenhouse heating or for other low-temperature purposes
as a heat source in refrigeration plants for industrial or district cooling

This report contains the results from the first phase of the annex, as well as a proposal for the second
and final phase.
In this first phase of the annex, the following countries and key persons have participated:
Denmark: Jens Mikkelsen, Weel & Sandvig
Germany: Kilian Bartholomé, Fraunhofer IPM
Norway:

Marit Jagtøyen Mazzetti, SINTEF Energy Research

Portugal: João M. Silva, ISEL
Sweden:

National Team: Mats Söderström, Linköping University, Simon Harvey, Chalmers
University of Technology, Chuan Wang, Swerea MEFOS AB
Annex Managers: Thore Berntsson and Anders Åsblad, CIT Industriell Energi AB

U.S.A.:

Robert Gemmer, U.S. Department of Energy – Advanced Manufacturing Office

There have been 7 meetings/workshops in Phase 1:



Meeting 1 (telephone): 25 June 2013
Meeting 2 (telephone): 3 December 2013



Meeting 3 (telephone): 26 March 2014



Meeting 4/Workshop (Lisbon): 26 – 27 May 2014



Meeting 5 (web meeting): 23 September 2014



Meeting 6 (telephone meeting): 13 January 2015



Meeting 7/Workshop (Copenhagen): 24 – 25 February 2015
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The main aims with the first phase work and hence with the report have been to give an overview of
the most important aspects of industrial excess heat usage, with emphasis on the situations in
participating countries, and identify possible areas for further international cooperation. The following
parts have been included in the work:








definitions of industrial excess heat
development and experiences of methods/approaches for identifying amounts, temperature
levels and type of industrial excess heat
process integration methods for identifying industrial excess heat potentials under different
conditions
knowledge of industrial excess heat amounts, temperature levels and types in different types of
industry
development of technologies and systems for industrial excess heat recovery in different types
of industry
different types of policy instruments for industrial excess heat and the importance of policy
instruments for the economy and environment for such heat
a proposal for work in a second phase of this annex

Annex 15 – Excess Heat

Final Report – Phase 1

2.

Industrial excess heat, principles and definitions

2.1.

Industrial Excess heat – a definition

12 (67)
5 May 2015

Excess heat can, in part, be used internally or externally in many situations. Several definitions and
concepts exist about this, e.g. waste heat, surplus heat, secondary heat, low-grade heat, black, white or
green excess heat. To overcome this confusing situation, we suggest the following definitions and
concepts:












Excess heat
is the heat content of all streams (gas, water, air, etc.) which are discharged from an industrial
process at a given moment.
Usable excess heat
is the part of the excess heat that it is technically and economically possible to re-use in the
industrial process or an external heat sink.
Internally usable excess heat
is the part of the usable excess heat that can be used internally in the industrial process,
considering both technical and economic aspects. This usage shall normally be preferred
compared with external usage.
Externally usable excess heat
is the part of the usable excess heat which can be used, technically and economically, when
the internally usable heat has been deducted.
Green, white and black excess heat
if heat from a process is used externally and cannot be used internally as an alternative (see
below about true excess heat), it can be called white excess heat. If it is of biomass origin, it
can be called green excess heat (a mixture is also possible). If the heat could have been used
internally instead, technically and economically, it can be called black excess heat.
Non-usable excess heat
is the remaining part of the excess heat, when the internally and externally parts have been
deducted. This part can be called waste heat.

The Concept “True Excess Heat”
The concept true excess heat is often used to describe the amount of heat that can be used for external
purposes, when internal opportunities, technically and economically, have been utilized. This means,
that if the heat cannot be used for other purposes, it could be used for external purposes instead of just
being wasted, and hence contributes to a reduction of GHG emissions. One background for this
concept is policy instruments in some countries, which favour external instead of internal use e.g. in
district heating systems. This could lead to a situation when more fossil fuels than necessary are used
in the industry and that a part of the excess heat used externally is actually from excess use of fossil
fuels. In such cases the excess fossil fuel could have been used directly in e.g. the district heating
system and thus that part of the excess heat would not contribute to a decrease in GHG emissions.
With the aid of process integration tools, the theoretically possible amounts of heat recovery, i.e.
reduction of excess heat amounts, can be identified. This reduction can be achieved through heat
exchanging and or internal heat pumping. In practise, however, only parts of these amounts can be
recovered due to practical and economic constraints. “True excess heat” can therefore not be seen as
the amount left after a theoretical internal heat recovery. Instead, existing practise and traditions in
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each industry regarding requirements on IRR, risks, etc., for investments must be used in order to
identify reasonable levels of internal heat recovery.
Our suggestion for identifying reasonable levels of internal heat recovery opportunities, in order to
meet existing or future policy instruments in different parts in the energy system, is therefore:


True excess heat is heat possible to use for external purposes, when reasonable heat recovery
through e. g. heat exchanging, heat pumping or instalment of new process equipment has been
accomplished. By “reasonable heat recovery” is meant a recovery level consistent with
existing practice and traditions in an industry regarding requirements on return on
investments. To prove this, one way could be that the industry could perform and show the
results from a pinch analysis as well as declare the principles for investments.

With this definition, true excess heat is in principle the same as white or green excess heat, defined
above.
In a workshop, arranged by the IEA Industry Strategy Group, held as a webinar February 19, 2015,
definitions of excess heat were discussed. In the IEA secretariat presentation, “waste heat” was used
with the same meaning as “excess heat”, although the terms green, white, black and true excess heat
were not discussed. In a presentation from ECES Implementing Agreement, also “industrial waste
heat” was used, but with the definition:


Heat generated by machines, electrical equipment and “industrial processes” for which no
useful application is found in immediate relation to the particular application.

Hence, there is a great need to develop a common language in this area.
To interpret the definitions above correctly, it is important to have a definition also of the word
industry. Here we mean all types of industry producing materials, chemicals or goods. Therefore large
process industries as well as smaller SME:s are included. There are also other plants in society
producing an excess of heat. One obvious example is combined heat and power plants. They are
designed to be used for both power and heat production. In some countries, having high power prices,
such plants, smaller than the large condensing ones, can be used also, at least part-time, in a
condensing mode. In such cases the excess heat from such plants can use the same technologies as
discussed in this report to produce power from future low-temperature technologies. Heat from large
condensing plants can in the same way be used for e. g. district heating or cooling, if a somewhat
lower electricity efficiency can be accepted. This, however, is very seldom done. Another example is
excess heat from municipal sewage plants, which can be upgraded to e. g. district heating via heat
pumps. This type of system is relatively common in cities with large district heating systems.

2.2.

Methods for identifying industrial excess heat

Normally, methods for identifying excess is classified as either top-down or bottom-up methods. A
discussion can be found in recent review paper [1]. Furthermore, the identified potentials could be the
theoretical, technical or economic potential. The term theoretical potential is ambiguous, e.g. whether
it relates to the thermodynamic potential or not.
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The top-down approach: Starting from the primary energy use, assumptions about efficiencies and
distribution of the energy use allows estimating the excess heat potential for different sectors. The
method hardly allows concluding on excess heat temperature levels and availability.
The bottom-up approach: Using questionnaires, or even measurements, specific data from
representative companies and sites is collected. Depending on the level of detail of the questionnaire
this method allows drawing conclusions on the technical potential for a given company or sector.
Measurements are by far the most complex method. A number of companies/sites need to be screened
and there could be a conflict with confidentiality of process data.
The top-down and bottom-up approach could also be combined.
Figure 2.1 summarizes the different approaches.

Figure 2.1: Classification of methods. (From reference [1], used with permission from Elsevier)

Method for identifying excess heat temperature levels
The actual excess heat temperature level in an industry is the temperature of the cold utility used, i.e.
cooling water, air, etc. This excess heat can be recovered at a higher temperature level, i.e. the level at
the hot side of the coolers. However, the possible temperature level is even higher, as an improvement
in the heat exchanger network can increase the temperature level for a given amount, sometimes
considerably. Furthermore, improvement of the heat exchanger network for increased heat recovery, in
connection with an excess heat project, would decrease the amount of possible excess heat and also
influence its temperature levels. All this aspects are important in excess heat projects. The so called
Advanced Curves in process integration, pinch analysis, have been developed in order to quantify
these parameters. In the report these tools are briefly described (see Chapter 3) and their use in
connection with excess heat is highlighted.
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Influence of future policy instruments on the potential use of
industrial excess heat.

Today, the levels and types of policy instruments connected to excess heat differ widely between
different countries and are in some counties non-existing. In the mid-term future (from e.g. 2030), the
use of such instruments are expected to increase. However, the level and type of such instruments are
of course not known. In the report, some results regarding the economic opportunities for excess heat
versus one important policy instrument, the CO2 charge, will be shown as a function of the future level
of this parameter. This will clearly show the strong influence on the economy of different levels of the
CO2 charge. This is described in Section 6.1.2.
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Methods for Assessing the Amounts of Excess Heat

With reference to the definitions of different types of excess heat, see Section 2.2 excess heat can be
used internally, externally or be impossible to use. The amounts and temperature levels of excess heats
are of crucial importance for identifying the type of heat and technical/economic opportunities. The
most common method for identifying heat saving opportunities, debottlenecking, optimal heat
exchanger networks, etc. in industry is process integration using pinch analysis. In this analysis
method also excess heat amounts and possible temperature levels can be identified. At Chalmers
University a pinch analysis based method, called advanced composite curves, has been developed
among other things for this purpose. This is briefly discussed below. With this method it is possible to
assess also “true” excess heats. This term is discussed later in this chapter and an attempt for a
definition of it is made.

3.1.

Process Integration Using Pinch Analysis

Pinch Analysis is a heat integration method based on thermodynamics. From an energy or heat
recovery point of view, a process consists of streams that either undergoes heating or cooling. A
stream is characterised by a start temperature, a target temperature and a heat load. Streams that needs
to be cooled are called hot streams (regardless of absolute temperature), and streams that needs to be
heated are called cold streams.
If all hot streams are combined into one hypothetical stream (with respect to temperatures and loads),
the so called hot composite is obtained. Similar, the cold composite is obtained by combining all cold
streams. The composites represent the accumulated cooling and heating demands. If the composites
are plotted on a temperature versus heat load graph, the so called composite curves are obtained, see
Figure 3.1.
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Figure 3.1: Composite curves [2]
From the composite curves, the maximum thermodynamically possible amount of heat recovery can
be identified. The curves are separated by the minimum temperature difference, which is the minimum
approach temperature for heat exchanging. This location is called the pinch. A low temperature
difference (small temperature approach) increases the possibility for heat recovery, thus lowers the
utility demands, but increases the required heat exchanger area.
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The pinch temperature divides the system into two parts. Above the pinch, we have a heat deficit area,
while below the pinch we have an area with heat surplus. Therefore, to obtain a system with minimum
utility usage we shall not violate the pinch rules such as: we shall not place a cooler above the pinch.
Cooling of the hot streams above the pinch shall be accomplished by process-to-process heat
exchange. Analogous, we shall not place a heater below the pinch. Heating of the cold streams below
the pinch shall be accomplished by process-to-process heat exchange. Additionally, we shall not
transfer heat downward through the pinch.
The grand composite curve – also called the heat surplus diagram – shows the net heating or cooling
demand on a temperature scale. For an introduction to Process Integration see, for example, [2].

Figure 3.2: The Grand Composite Curve [2]

3.2.

Advanced Composite Curves for Identification of Excess Heat
Potentials for External Use

As discussed above, a key tool in pinch analysis is the grand composite curve (GCC). However, this
curve is not well suited for retrofit situations, in which two problems occur with the GCC. First, the
temperatures are not estimated correctly in existing systems having a heat demand that is large in
relation to what could be achieved by enhanced heat recovery. Second, the GCC does not provide any
information about the existing heat-exchanger network (HEN), which means that no indication of the
changes needed in the HEN to approach theoretical levels can be given.
To cope with these problems, novel composite curves developed in the Heat and Power Department,
Chalmers University of Technology, have been developed. They are based on pinch technology and
permit accurate representation of existing loads as well as possible improvements that could be
obtained by retrofitting. As emphasized above, the current status and existing design of the energy
systems in a plant influence considerably the available opportunities for improvement.
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With the aid of three different composite curves above the pinch and three below in a temperature–
heat load diagram, important information on such opportunities for a number of different measures can
be extracted. The measures in question are improved heat exchange, excess heat amounts and
temperature levels, introduction of a heat pump or a CHP plant, and the consequences of various
process changes. These curves can therefore be used to assess possible amounts and temperature levels
of excess heat as a function of the degree of heat exchanger improvements (as heat exchangers can be
introduced for increasing the excess heat temperature, not only for heat recovery). The three types of
curves below the pinch, being the interesting part for excess heat assessments, are:
•

•

•

Cold utility curve (CUC). This curve simply shows a composite of the cold utility as a
temperature versus heat load diagram (e.g., for cooling water, exhaust gases, cooling
towers).
Actual cooling load curve (ACLC). This curve shows a composite of all the hot streams or
hot stream segments constituting the hot side of the coolers in the cooling distribution
system(s) in a temperature versus heat load diagram.
Theoretical cooling load curve (TCLC). This curve shows the theoretically highest
temperature versus heat load at which heat can be extracted from the system when all
thermodynamically correct opportunities for heat exchanger enlargement and introduction of
new heat exchangers have been implemented at the existing cooling demand.

In principle, the same three types of curves should also be constructed above the pinch and are called
the hot utility curve (HUC), the actual heating load curve (AHLC) and the theoretical heating load
curve (TCLC). With the aid of these curves, three levels of complexity of changes in heating, cooling,
and process systems can be identified and evaluated. For excess heat availability, the curves can be
used in the following way:
•

•

•

Improvements involving only the CUC. Only the utility system is involved. In principle, this
level has no influence on the flexibility, controllability, or operability of the plant. Little or
no investment cost in the cooling/process system is required. Low excess heat temperature
levels.
Improvements involving ACLC. Changes in the cooling distribution systems are needed
(e.g., increase cooler sizes and adding one or more temperature level(s) to the cooling
system). No changes in the process heat-exchanger network (HEN). Relatively minor
influence on flexibility, controllability, and operability. Moderate investment cost in the
cooling/process system. Somewhat higher excess heat temperature levels.
Improvements involving TCLC. Changes in the heat exchanger network are needed (new
units and/or enlargements of existing units). Risk of influence on flexibility, controllability,
and operability. Higher investment cost in the cooling/process system. Higher excess heat
temperature levels.

Generally speaking, with any improvement measure, there is a trade-off between the possible
temperature level on the one hand and investment cost, flexibility, controllability, and operability on
the other. Therefore, it is of high importance to identify opportunities for improvements as a function
of their level of complexity. In Figure 3.3, an example of advanced composite curves is shown. The
vertical line at 6000 kW indicates the amount of heat that theoretically can be saved by improved heat
exchanging. If this heat saving is not done, and the excess heat is instead used for export to another
industry or to a district heating system, the TCLC shows the excess heat amounts available at different
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temperature levels, if heat exchanging between internal streams and between them and a distribution
system for collecting the excess heat is done with the smallest possible temperature differences. In the
same way, the ACLC shows the temperature levels for the excess heat, if the smallest possible
temperature differences in the coolers are used. The CUC shows the actual temperature levels for the
excess heat with the existing coolers. Finally, the ECLC shows the temperature levels, if all cooling
would have been done at the lowest possible temperature levels in the processes (i.e. after “vertical
heat exchange” internally). In many cases, as in this one, the CUC and ECLC are close to each other
or, at least partly, identical.

Figure 3.3: An example of advanced composite curves from a real industrial process [3].
From Figure 3.3, the following conclusions can be drawn (please observe that the EHLC and ECLC
curves are not discussed here, as they are used for other purposes, but explained in the reference):
The industrial plant is not optimal (as is normal for real plants), i.e. 6000 kW could theoretically be
saved through heat exchanging. If no retrofit is done, the excess heat at this part leaves today at a
cooling water temperature of 15 °C, whereas the hot side of the coolers (the ACLC curve) varies from
130 °C to 105 °C. Hence, this excess heat temperature can easily be achieved with new, enlarged, heat
exchangers instead of the existing coolers. The theoretically achievable excess heat temperature up to
6000 kW is actually the THLC, i.e. between 270 and 230 °C, (as this is a theoretical excess based on
pinch violations), but this would require much more heat exchanger surface. It would probably be
more economically viable to use increased heat exchanging for energy saving instead.
Above 6000 kW, the cooling water temperature is still 15 °C. This is the temperature directly “visible”
for excess heat in the plant. However, with the aid of some new heat exchanging in the cooling water
(cold utility) system, the ACLC level can be reached. This would mean excess heat temperature levels
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of 100 to 50 °C between 6000 kW and 19000 kW. The theoretically achievable excess heat
temperature in this part is the TCLC, i.e. excess heat temperature levels between 130 and 115 °C.
However, this would require a higher investment in process heat exchanging.
This example shows clearly, that the possible excess heat temperatures from an industrial plant can
vary considerably, depending on the amount of heat exchanging equipment that is being installed for
recovering the excess heat. This should be kept in mind, both in case study in a real plant and when
performing survey studies of available excess heat in industry.
Internal Use of Excess Heat
As already has been discussed, the theoretical heat saving level can be identified through a pinch
analysis, using e.g. the GCC. In practice, taking economy and practical constraints into account,
several different studies have indicated that approximately 70% of the theoretical value can be
achieved (although this value can differ considerably between different case specific situations). A
GCC based on the smallest possible ΔTmin, gives the highest possible amounts of heat for saving. The
remaining excess heat and the theoretically temperature levels, at which it can be recovered, is shown
as the part below the pinch point in the GCC. In this situation, the ACLC and the HUC cannot be used,
as they require a real existing heat exchanger network.
Internal Recovery of Excess Heat through Heat Pumps
With the aid of pinch analysis, opportunities for internal recovery through heat pumps can be
quantified. This is discussed in Section? With the use of the advanced curves, opportunities for
achieving higher and thereby more economic, temperature levels of the excess heat can be identified.
When the advanced composite curves are used, integration can generally be carried out at three levels:
integration against the HUC/CUC, against the AHLC/ACLC and against the THLC/TCLC. A
combination of the curves could also be used, e.g. integration against the HUC/ACLC. Integration
against the HUC/ CUC would require the least changes in the HEN, but the COP would be lower due
to the higher temperature lift required, and the HP size may not be as big as could be achieved by
integration against the AHLC/ACLC (Figure 3.4). The most extreme case is to integrate the HP
against the THLC/TCLC curves, but this would in most cases require a large retrofit of the HEN, so
that the heat/cooling demand changes from the AHLC/ACLC situation to the THLC/TCLC situation
in order to create a foundation for successful HP integration.
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Excess heat levels within industry from different countries

In this chapter, the results of a literature survey and inputs from national teams regarding levels of
excess heat in different industry types and at different temperature levels are presented.
In a general paper Bendig et al [4] aim at defining a method for identifying, characterising and
quantifying the available excess heat of an industrial system that can be converted into useful form.
Both exergy analysis and process integration techniques are used to quantify the useful potential of
excess heat. They introduce an analogy of excess heat to natural resources such as coal and gas,
introducing the terms reserve and resource. Resource refers to the theoretical potential for heat
recovery while reserve terms the technical or economical potential for heat recovery for a given
process. An advantage of this definition, according to Bendig et al. [4], is that the economic potential
is – in a similar way as natural reserves and resources – subject to changes due to changing price
levels.

4.1.

Norway

A national study in Norway dating from 2009 [5] estimates the total amount of industrial excess heat
to 19.2 TWh/yr. The study is based on an enquiry with a coverage of about 63% (53.7 TWh) of the
Norwegian industrial energy use plus an additional 4 waste incineration plants representing about 50%
of the Norwegian capacity for waste incineration. Table 4.1 gives the available excess heat presented
in the study within four temperature intervals.
Table 4.1: Temperature levels defined with corresponding amount of available excess heat [5].
Temperature interval

Available excess heat
[TWh/y]

Fraction of total excess heat

>140 °C

7.0

37 %

60 – 140 °C

3.1

16 %

40 – 60 °C

5.8

30 %

25 – 40 °C

3.3

17 %

Estimations are made on the technical potential for power generation from fuel gas or excess heat
above 350 °C (0.8 TWhel/yr), as well as for the temperature interval between 60 and 350 °C
(0.25 TWhel/yr). This however is stated to be valuable only assuming technology development of low
temperature electricity generation technologies (Stirling, ORC).
In Figure 4.1, a representation of the reparation of excess heat availability among the different
industrial sectors is given.
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Figure 4.1: Available excess heat for the different industrial sectors [5].

The report [5] even presents the division of energy carriers for the different industrial sectors as
illustrated in Figure 4.2. For example for the wood treatment sector the available excess heat is mainly
represented by hot water (67%), followed by exhaust gases, steam and other sources, whereas within
the cement industry the excess heat is available as exhaust gases only.

Figure 4.2: Division of energy carriers containing available excess heat from the wood treatment
sector (left) and the cement industry (right) (based on [5]).
Even a geographical investigation on the spread of the different sources has been made in the study.
The three page English summary (pages 9-11 in the report [5]) gives a good overview of the major
findings.

4.2.

Denmark

In Denmark a number of investigations on both potential as well as barriers for excess heat recovery
have been conducted during the last decade.
During last decade DEA has initiated several investigations on potentials (economic) and
identification of barriers for exploiting excess heat. In a interview/questionnaire-based study from
2002 [6] about 35% of the industry were covered based on energy use. A potential of 7.3 PJ/yr
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(2 TWh/yr) corresponding to about 17.3% of the energy use was identified. 2.3 PJ/yr (0.64 TWh/yr)
were estimated to be feasible with a payback-period of 2.4 years on average. Costs for CO2 reduction
of approximately 50 €/ton were estimated for the heat recovery potential, assuming replacement of
fossil natural gas fuel.
In 2006 a governmental investigation on barriers for excess heat recovery (focusing on district
heating) concludes that the economic incentive given by heat credits is sufficient and barriers rather
reside in local and technical restrictions or when industrial excess heat is in direct competition to
biomass-based technologies for heat supply [7].
Another study [8] estimated a "profitable potential" (from the companies' perspective) of about 5 PJ/yr
(1.4 TWh/yr).. Finally, in 2013 [9] an analysis of industrial excess heat estimates a economic potential
(payback time of less than 4 years) of 9 PJ/yr corresponding to 8% of the energy use. 7 of the 9 PJ
assumed for heat recovery are based on heat pumping technology.

4.3.

Germany

A German report [10] on the techno-economical potential for use of industrial excess heat as well as
on the implementation on a policy level indicates a potential for available excess heat from the
German industry sector corresponding to 316 PJ/y (87.8 TWh/y). The numbers are based on statistics
on the primary energy consumption in industry and more detailed studies from other countries [5, 11]
and estimations as no data on available industrial excess heat is freely accessible for the German
industry. The report estimates that the potential for process excess heat in the German industry
corresponds to about 18% of its final energy consumption.
For increasing the use of industrial waste heat the report proposes several "pillars" [10]:
1) Information and education, e.g. make courses on use of industrial waste heat part of
professional continuing education
2) Adjust financial support by e.g. extending the support for local district heating networks
(Nahwärmenetze) or tax exemptions.
3) Impose the use of industrial excess heat for clusters/processes of a certain size by law
4) Check for further juridical measures taking into account regional development plans, water
access rights and primary energy factors.
A more recent short survey on use of industrial heat [12] states for example that only about one tenth
of the German industry is estimating to fully exploit its potential for use of process heat and kinetic
energy. The report rather gives an overview of different technologies but is a very good source for
further literature. It cites for example the Enova report [5], a study on the Spanish Basque Country [13,
14], a report from the UK [15], a French report [16] as well as some more studies focusing on specific
industrial sectors. In the report's Appendix, brochures, webpages and other information material for
industrial excess heat use is listed [12].

4.4.

Austria

An Austrian report from 2012 [17] estimates a purely technical potential of about 15 TWh/y for
recovery of industrial process heat in Austria. The division among industrial sectors is given in Figure
4.3.
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Figure 4.3: Sectorial division of the technical potential for excess heat use in the Austrian industry
[17].
An inquiry conducted as part of the project (1450 companies contacted – about 10% replied) resulted
in a total of 7 TWh/y of potential industrial excess heat use as can be seen in Table 4.2. The detailed
data is not freely accessible but a webpage with the graphical distribution as well as (with some
exceptions) the available amount of excess heat is available at www.waermeatlas.at [18].
Table 4.2: Reported free and already used (or planned to be used) potential of excess heat use in the
Austrian industry [10].
Overview of
excess heat
recovery
potentials

available
potential
[GWh/yr]

used (planned)
potential
[GWh/yr]

Total
[GWh/yr]

> 100 °C

428

306

734

50 – 100 °C

455

368

823

< 35 °C

5 292

4

5 296

Total

6 175

678

6 853

The major barriers for realizing the potential indicated by the companies answering the enquiry was
not the non-existence of potential users, but rather financial and administrative hurdles, as well as a
lack of interest among potential users [17].

4.5.

Switzerland

A regional project for the canton of Wallis/Vallais in Switzerland is about mapping industrial excess
heat. It is estimated that about 2000 GWh/yr are available whereof 1500 GWh/yr might be recovered.
Similar to the project in Austria (Wärmeatlas) a geographical mapping using GIS data is done [19].
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UK

The amount of excess heat from process industry in the UK is estimated to a technical potential of
about 10-20 TWh/y [15]. Interestingly, older studies show a lot higher potentials, e.g. 70 TWh/y in
1994 [20]. The difference can be due to energy efficiency improvements in industry on the one hand,
and a significant number of companies that have closed down sites in the UK since then [20].
McKenna [15] gives a redistribution of the heat recovery potential among sectors as illustrated in
Figure 4.4 and Table 4.3.

Figure 4.4: Energy use for heat (heat load) and estimated recovery potentials for industrial sectors
[15].
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Table 4.3: Data from Figure 4.4 above (electronically read off the figure).
Industry sector

Aluminium
Cement
Ceramics
Chemicals
Food and Drink
Glass
Gypsum
Iron and Steel
Lime
Pulp and paper
Aero/auto
Other industry
Total
Sum given by
McKenna [15]
Difference

High
recovery
[PJ]
2.3
6.6
1.2
9
3.1
5.1
0.4
35.9
2.7
1.6
1.2
0.4

Low
recovery
[PJ]
1.2
3.5
0.8
5.1
1.6
2.3
0.4
17.6
1.2
0.4
0.4
0

High
recovery
[TWh]
0.7
1.8
0.3
2.5
0.9
1.4
0.1
10
0.8
0.4
0.3
0.1

Low
recovery
[TWh]
0.3
1
0.2
1.4
0.4
0.7
0.1
4.9
0.3
0.1
0.1
0

69.5
71

34.4
36

19.3
20

9.5
10

1.5

1.6

0.69

0.45

The total amount of heat recovery potential amounts to 10 and 20 TWh/year, respectively for the low
and high recovery cases. The industry sectors of highest interest are the iron and steel, chemicals,
cement and glass sectors representing about 80% of the total potential.
McKenna also investigated the temperature level the heat sources are available using four ranges:





1000- 1500 °C
500 – 1000 °C
100 – 500 °C
<100 °C

Figure 4.5 clearly shows that the vast majority of heat recovery potential lies within the temperature
interval of 100 – 500 °C. As the original figure presents the heat duty (MWth) instead of annual energy
recovery potential (TWh/year) an additional y-axis has been added for better comparability to other
figures. The conversion has been done based on details given in the reference source [21]. Again the
four sectors iron and steel, chemicals, cement and glass are dominant within this temperature interval.
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Figure 4.5: Low (left) and high (right) heat recovery potential by sector against temperature [21]
Another recent report [22] identifies a technical potential of 11 TWh/yr from industrial heat sources in
the UK that could result in in CO2 reductions in the order of 2.2 Mt CO2/yr. The technical potential
includes contributions from on-site heat re-use, over-the-fence supply to another large industrial user
and conversion to power. The results are in line with those presented by McKenna & Norman [15] as
depicted in Figure 4.6

Figure 4.6: Comparison between estimates for heat recovery potential between Besseling and
Pershad [22]and McKenna and Norman [15].

From the technical potential different economic potential cases are defined:




Social: net present value (NPV) projects that together provide the highest total NPV for an
interest rate of 3.5%
Private: NPV projects that together provide the highest total NPV for an interest rate of 10%
Commercial: NPV projects for an interest rate of 10% and with a payback time of less than 2
years
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As illustrated in Figure 4.7 the economic potential is considerably reduced from the social to the
commercial criteria. Conversion of heat to power only is an option for the social criteria (3.5%
interest). Over-the-fence heat recovery is hardly economically feasible and the technical potential
drastically reduces.

Figure 4.7: Heat recovery, fuel replacement and CO2 abatement for different economic scenarios
(left) and excess heat use for the different potentials (right) (taken from [22]).

Finally, the temperature intervals for available excess heat are given by Besseling & Pershad [22] as
illustrated in Figure 4.8. The majority of excess heat is available in the lower temperature regime
below 150°C. As the temperature regimes are different to McKenna & Norman [15] (see Figure 4.5) it
is difficult to analyse for differences and similarities between the two studies with respect to this
parameter.

Figure 4.8: Temperature level of excess heat for technical and economic potential (private case)
(taken from [22]).

4.7.

Canada

A study analysing the excess heat potential for Québec [23] estimates a total potential from the
industry and power generation sectors of about 273 PJ/y (76 TWh/y) grouped into three temperature
levels (also illustrated in Figure 4.9):
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69 PJ/y or 19.2 TWh/y
151 PJ/y or 41.9 TWh/y
53 PJ/y or 14.7 TWh/y

Figure 4.9: Distribution of excess heat potential for industry and power generation sector in
Québec (2008) [23].

For the different sectors the distribution between these three sources is given in Figure 4.10 below:

Figure 4.10: Potential excess heat from different industrial sectors in Québec [23]

The distribution of the overall excess heat potential for the different sectors is dominated by the pulp
and paper industry, followed by the refining sector, see Figure 4.11below:
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Figure 4.11: Distribution of the excess heat potential among the industrial sectors in
Québec (2008) [23].

In the report [23], economic and environmental factors are estimated stating that – accounting for the
total heat excess potential – it would be necessary to burn about 7.3 m3 of natural gas for providing a
corresponding amount of energy. This corresponds to about 2.9 billion dollars (2008) or 1.1% of
Québecs BNP (2008).
Environmental benefits in form of greenhouse gas emission reductions that could be achieved by
harvesting the heat excess potential are estimated to 13.9 million tons of CO2-equivalents per year in
total. Redistributed on the three temperature levels the reductions are:




4.8.

3.5 million t CO2-eq for hot water
7.7 million t CO2-eq for hot gases (T < 177 °C)
2.7 million t CO2-eq for hot gases (T > 177 °C)

U.S.A.

The DOE report ‘Waste Heat Recovery: Technology and Opportunities in U.S. Industry’ [24] from
2008, includes both estimations of excess heat amounts in different industrial sectors and descriptions
of heat recovery technologies. The analysed processes in selected sectors represented one third of the
energy delivered to U.S. industrial facilities (excluding losses associated with electricity generation).
The selected sectors were:








Glass Manufacturing
Cement Manufacturing
Iron and Steel Manufacturing
Aluminium Production
Metal Casting
Industrial Boilers
Ethylene Furnaces
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The following quality levels were defined:




High quality
Medium quality
Low quality

1200 °F [650 C] and higher
450 °F [230 °C] to 1200 °F [650 C
450 °F [230 °C] and below

Roughly 60% of the unrecovered excess heat is “Low quality” (below 450 °C). The amounts for the
different quality levels are shown in Figure 4.12.
1000
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400
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300
200

TWh/yr

TBtu/yr

700

50

100
0

0

Low quality
< 230°C

High quality
Medium
quality
> 450°C
230 – 450 C

Figure 4.12: Amounts of excess heat in selected industry sectors based on a reference temperature
of 77°F [25°C] [24].
As an example, the amount of unrecovered excess heat from the Iron and Steel Industry is shown [24]
in Table 4.4.
Table 4.4: Unrecovered Excess Heat from Selected Process Exhaust Gases in the Iron and Steel
Industry [24]. (1 Btu ≈ 0.293 Wh or 1.055 kJ).

Source
Coke Oven
Coke Oven Gas
Coke Oven Waste Gas
Blast Furnace
Blast Furnace Gas
Blast Stove Exhaust
no Recovery
with Recovery
Basic Oxygen Furnace
Electric Arc Furnace
no Recovery
with Recovery

Energy
Consumption
TBtu/yr
65.5

Assumed Average
Exhaust
Temperature [°C]
980
200

642.3
430
36.2
34.1
49.7

250
130
1700

57.7
13.3

1200
204
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Another U.S. study made for the Department of Energy, ‘Energy Use, Loss and Opportunities
Analysis: U.S. Manufacturing & Mining’ [11], includes additional sectors such as food and beverage,
petroleum refining, chemicals, forest products and mining.

4.9.

France

A French investigation on industrial excess heat [16] covering about 70% of industrial activities on an
energy basis estimates the amount of excess heat to 100 TWh/yr for a temperature range between 40
and 250°C. The excess heat is classified by temperature level, availability, and industrial sector. For
industrial sectors – food, paper, chemicals and non-metallic materials – are pointed out as having the
largest potential for heat recovery. It is also stated that the temperature level for excess heat varies
considerably between different industrial sectors.

4.10. China
In a paper on excess heat availability and recovery in China by Ma et al [25], data for the sector is
given. As illustrated in Figure 4.13, three temperature intervals are defined and the fraction of excess
heat that actually is recovered is estimated for each interval.

Figure 4.13: Amount of excess heat available in iron & steel industry in different temperature
intervals [GJ/t steel] (left) and fraction of heat recovery (right) [25].
Data is also presented on excess heat grouped by different processing steps within iron & steel making
and the fraction of heat recovered, as illustrated in Figure 4.14.One would expect the sum of excess
heat in GJ/t steel to be similar for Figure 4.13 and Figure 4.14, but they differ to quite some extent (8.4
vs 13.3 GJ/t steel) without any reasonable explanation in the paper [25].
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Figure 4.14: Amount of excess heat available from different process steps in iron & steel industry
[GJ/t steel] (left) and fraction of heat recovered (right) [25].
Another paper [26] presents a simplified methodology for estimating the potential of using industrial
excess heat for district heating. At an example for northern China it is demonstrated that the district
heating demand could be covered by industrial waste heat recovery without problems. In 2009 the DH
demand was approximately 2.9 billion GJ. The estimated low grade waste heat from industry is
estimated to 7.6 billion GJ in 2009 based on energy statistics. It would therefore be sufficient to
recover 34% of the waste heat to cover the district heating demand.

4.11. Sweden
Most studies in Sweden concerning industrial excess heat is made in connection to district heating
deliveries. (For a discussion see Section 5.3.1.) However, some regional inventory studies exists e.g.
for the counties Gävleborg, Örebro and Östergötland. These studies are summarised in the Swedish
country report in Appendix 2.The total excess heat potential reported was 2.3 TWh/year for the
studied counties, mainly at low temperatures (below 160°C).
Some studies concerning the petrochemical industry, petroleum refining and iron and steel industry are
also discussed in the country report. The country report includes a bibliography.
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Technologies and areas of application

Some ways of using industrial excess heat have a long history, some are now developing and some
will be of high interest in a 10 – 20 year future, when policy instruments for GHG emissions can be
expected to increase considerably. This chapter is therefore divided into four main parts, technologies
and areas of application for traditional use, for emerging and future types of application, respectively,
and prioritized technologies and systems in participating countries.

5.1.

Technologies and systems for excess heat recovery/usage

Technologies for excess heat recovery/usage can be classified as belonging to one of the groups
 Direct use without upgrading
 Use after upgrading, through heat pumping
 Power generation
The use of the excess heat and/or of its products can be internal or external, as discussed in Chapter 2.
Direct use means that sensible or latent heat is used at the source temperature without upgrading in a
heat pump. In this sense direct use is not associated with time, thus a direct system could include heat
storage.
In systems with fluctuating or intermittent excess heat amounts, heat storage can be an interesting or
necessary part of an excess heat recovery system. This important area is studied in another IEA
Implementing Agreement, ECES. This area is therefore not included in this report.
Power generation includes variants of the basic Rankine-cycles (steam cycles, ORC:s, etc.) and
different thermoelectric devices.
Industrial heat pumps are the obvious way of recovering industrial excess heat internally, in addition
to improved heat exchanging. Possible temperature levels of excess heat are highly dependent on the
temperatures needed in the process. Typical possible temperature lifts are 30 – 50 K, depending on
temperature level and, above all, power versus fuel price levels.
The selection of heat recovery method will depend on key factors such as the temperature, phase, and
chemical composition of the exhaust stream, as well as the nature of the desired end use for recovered
heat. Table 5.1 compares conventional heat exchange technologies according to applicable
temperature ranges, waste heat sources, end uses, type of heat exchange, moisture recovery,
temperature differentials permitted, resistance to cross contamination, and adaptability to corrosive
gases. Table 5.2 summarizes the use of different recovery methods (heat exchange, power generation,
etc.) in different applications.
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Table 5.1: Comparison of Heat Recovery Technologies (from reference [24])

Table 5.2: Status of Waste heat Recovery Technologies in Selected Applications (from reference
[24])
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Traditional usage of industrial excess heat

5.2.1. Heat reuse on site
Increased heat recovery is a dominating method for heat reuse on site. Besides developments in e.g.
heat exchanger technology, new process integration methods have revolutionized this area during the
last decades. Using process integration methods, better process designs can be developed that
generates less excess heat. Process integration is discussed in Chapter 3.
5.2.2. Heat exchangers
Heat exchangers are the most common heat recovery technology. A heat exchanger is a device in
which energy is transferred form one media (fluid or gas) to another through a solid surface. The main
purpose of the heat exchangers is to heat or cool process streams and they are found in practically all
industrial sectors.
Recuperators recover heat in medium to high temperature applications such as soaking or annealing
ovens, melting furnaces, afterburners, gas incinerators, radiant tube burners, and reheat furnaces [24].
They are constructed out of either metallic or ceramic materials for heat recovery at higher
temperatures (above 1000 °C).
Regenerators exchange heat by cycling through heat source and heat sink.
Heat recovery from waste streams in process industries could require advanced materials due to
corrosion. Chlorides are especially problematic and often limit the performance of e.g. biomass
boilers. In Figure 5.1 possible heat exchanger materials for oxidizing and reducing environments are
shown, both for streams with and without chlorides. One important parameter not included in Figure
5.1 is temperature.

Figure 5.1: Material selection for heat exchangers in aggressive environments
(from reference [27])
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5.2.3. Industrial Heat Pumps
As is shown in Chapter 3, heat pumps can be used to lift excess heat up to an internally usable
temperature. They can also be used externally in e. g. district heating systems to lift industrial excess
heat to a usable temperature. The description below is based on the final report from IEA, IETS Annex
13: Industrial Heat Pumps [28].
Heat pumping of excess heat is a well-known technology for reusing excess heat internally. Although
this technology is mature and the technical potential is high, the deployment of this technology has so
far been relatively low.
Commercially available heat pumps, in most cases power driven, can supply heat only up to 100 °C.
As industrial excess heat, available at low-temperatures, represents about 25% of the total energy used
by the manufacturing industry, R&D work has to be focused on high-temperature heat pumps able to
recover heat at relatively low temperatures, generally between 5 °C and 35 °C for hot water supply,
hot air supply, heating of circulating hot water and steam generation at temperatures up and higher
than 100 °C.
Some development of the industrial heat pump using R-134a, R-245fa, R-717, R-744, hydro carbons,
etc. has been made recently. However, except for R-744 and the flammables R-717 and HCs which are
natural refrigerants with extremely low global warming potential (GWP), HFCs such as R-134a and
R-245fa have high GWP values, and the use of HFCs are likely to be regulated in the viewpoint of
global warming prevention in the foreseeable future. Therefore, development of alternative
refrigerants with low GWP has been required.
At present, as substitutes of R-134a, R-1234yf and R-1234ze (E) are considered to be promising, and
R-1234ze (Z) is attractive as a substitute of R-245fa. R-365mfc is considered to be suitable as a
refrigerant of heat pump for vapor generation using waste heat, but its GWP value is high. Therefore,
it seems that development of a substitute of R- 365mfc should be furthered.
The first step in any possible IHP application is to identify technically feasible installation alternatives,
and possibilities for their economic installation. In simple operations, where the process in which the
IHP will be used only consists of a few streams with obvious sink and source, the need for a thorough
assessment is normally not necessary. In these cases, only the characteristics of the sink and source are
of importance for the feasibility and selection of the IHP. The obvious parameters are:




heat sink and source temperature;
size (in terms of heat load) of the sink and source;
physical parameters of the sink and source, such as phase and location

Industrial heat pumps are used in the power ranges of 50 – 150 kW and 150 to several MW. The sink
and source temperatures determine which IHP types can be used in a specific application. These types
can be categorized in various ways, e.g. as mechanically- or heat-driven, compression or absorption,
closed or open cycles.
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The most important thermodynamic processes for industrial heat pumps are:






closed compression cycle - electric driven or gas-engine driven
mechanical (MVR) and thermal (TVR) vapour recompression
sorption cycle
absorption–compression cycle
current developments, e. g. thermo acoustic, injections

The general findings on barriers for application were:


Lack of knowledge:
The integration of heat pumps into industrial processes requires knowledge of the
capabilities of industrial heat pumps, as well as knowledge about the process itself. Only
few installers and decision makers in the industry have this combined knowledge, which
enables them to integrate a heat pump in the most suitable way.



Low awareness of heat consumption in companies:
In most companies knowledge about heating and cooling demands of their processes is
quite rare. This requires expensive and time consuming measurements to find an
integration opportunity for an industrial heat pump.



Long payback periods:
Compared to oil and gas burners, heat pumps have relatively high investment costs. At
the same time companies expect very low payback periods of less than 2 or 3 years. Some
companies were willing to accept payback periods up to 5 years, when it comes to
investments into their energy infrastructure. To meet these expectations heat pumps need
to have long running periods and good COPs to become economical feasible.



High temperature application
From the technical point of view one barrier can be identified regarding to the
temperature limits of most commercially available heat pumping units. Many applications
are limited to heat sink temperatures below 65°C the theoretical potential for the
application range of IHP increases significantly by developing energy efficient heat
pumps including refrigerants for heat sink temperatures up to and higher than 100°C.

Appropriate heat pump technology is important for reducing CO2 emissions and primary energy
consumption as well as increasing amount of renewable energy usage in industrial processes. The
expansion of industrial applications is also important for enhancing these effects further more. In
particular, development and dissemination of high temperature heat pumps for hot water supply,
heating of circulating hot water, and generation of hot air and steam are necessary. Specific problem
areas are:



5.3.

lack of refrigerants in the interesting temperature range
lack of experimental and demonstration plants

Heat Reuse externally

5.3.1. District heating systems and from-industry-to-industry
In countries with large district heating systems, industrial excess heat has been used for heating in
such systems for many years. One example is Sweden, and some details about use of excess heat in
Swedish district heating systems are given below.
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Typical temperature levels in Swedish district heating systems are 40 – 60 °C return and 90 – 110 °C
delivery temperatures. The total annual heat amounts delivered from district heating systems in
Sweden are 45-50 TWh/y. Of these, slightly less than 10%, approximately 4 TWh/y, was industrial
excess heat. The total energy demand, including electricity, in buildings in Sweden is 140 –
150 TWh/y. Four systems use more than 200 GWh/y each and 46 systems use less than 50 TWh/y
each. Industrial excess heat deliveries to Swedish district heating networks are shown in Figure 5.2
and Table 5.3.

Figure 5.2: Use of industrial excess heat in Swedish district heating networks (2012). Background
data from Svensk Fjärrvärme.

Table 5.3: Industrial excess heat deliveries to Swedish district heating networks [29]

10 – 14
15 – 16
17 – 19
20
21 – 22
23
24
25
26
27
28 – 37
Total

Industrial Classification
Mining and quarrying
Manufacture of food products, beverages and
tobacco
Manufacture of textiles, textile products,
leather and leather products
Manufacture of wood and wood products
Manufacture of pulp, paper and paper
products; publishing and printing
Manufacture of coke, refined petroleum
products and nuclear fuel
Manufacture of chemicals, chemical products
and man-made fibres
Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral
products
Manufacture of basic metals and fabricated
metal products
Other manufacturing industry

1999

2007
54

50

42

61

0

0

36

110

848

1392

1154

1197

622

711

2

3

55

48

386

502

53
3252

58
4132

Export of excess heat from one industry to another one is a traditional option, but has been used very
little so far.
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5.3.2. District cooling
The idea with district cooling is in principle the same as with district heating, i.e. to distribute cooling
water in a pipe line to office buildings and other buildings in a city needing cooling (mainly in
summertime). Thereby the advantages with large scale production of cooling water and regional
cooling resources can be utilized.
There are mainly three different technologies/ methods for producing cooling water in a district
cooling system. These are:






Compression-type heat pump, in which cooling can be produced in the summertime, using in
principle the same equipment as when producing heat from a large heat pump. Many such
systems are installed, e.g. in Stockholm and Gothenburg in Sweden.
Absorption-type cooling system. This system is heat driven by e.g. industrial excess heat or
excess heat from a municipal CHP plant (in the latter case the operating hours for the CHP
can be increased in this way). Also this type is in operation in several district cooling
systems. A notable example is Helsinki in Finland, in which an absorption heat pump and a
large CHP plant are connected.
“Free cooling”, in which cold water, e.g. from the bottom of a large lake, is used for
production of the cooling water. Several large plants with this technology, e.g. in Cornell
university (US) and Toronto (Canada)

Of these technologies, the absorption type is of interest in connection with industrial excess heat.
Although the large plants using absorption are, so far, connected to CHP excess heat, the potential for
using industrial excess heat should be very large.
In an absorption heat pump, see Figure 5.3, heat is introduced in the desorber/generator (highest
temperature) and in the evaporator (lowest temperature). Heat is cooled from the system in the
absorber and condenser (both at medium temperature).

Figure 5.3: Simple absorption heat pump cycle schematic [30]
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The cooling water to the district cooling system is normally at around 6°C and the return water is at
typically 16-18°C, which means that the evaporator must be close to 0°C. The medium temperature
level in the absorption machine depends on the outdoor summer air temperature, summer lake water,
etc., but can normally be kept at around 35–40°C. For thermodynamically reasons, the temperature
difference between the low and medium temperature must be smaller than the one between the
medium and the high temperature. This means that the temperature of the industrial excess heat
(introduced in the desorber/generator) must be at least approximately 90-100 C. In winter, free-cooling
can normally be done in cold climates, which means that the excess heat can normally only be used in
the warmer part of the year in these systems.
5.3.3. Low temperature levels (10-70 °C) for export to e.g. greenhouses
Industrial excess heats at very low temperatures, below 50 °C, have earlier been used in some projects
for e.g. greenhouse heating. Typical temperature requirements in food production are shown in
Figure 5.4. There is today a new development in that area. New types of greenhouse designs suitable
for this are being designed and tested. In this way e.g. two harvests per year of tomatoes can be
possible also in colder climates.

Figure 5.4: Temperature requirements in various types of food production [31]
In some plants both industrial excess heat and CO2 from an industrial process are used in a
greenhouse. One example is a greenhouse for tomatoes in Chatham, Ontario, Canada, in which also
CO2 from a nearby ethanol plant is used. Another example is a big plant in the Netherlands, near
Terneuzen, where both excess heat and CO2 are taken from a fertilizer plant to a large greenhouse.
The heat needed in a greenhouse varies considerably over a year. One example is shown in Figure 5.5.
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Figure 5.5: Energy demand (kWh/m2,week) for a typical greenhouse in the south of Sweden.
The dotted line represents a case with humidity control [32].

5.3.4. Electricity generation
Although power production with excess heat is a traditional way of using such heat, it is still used only
very rarely. However, in special situations with high excess heat temperatures, it can be economic and
is also used then. At low and medium levels of excess heat, high power prices and/or powerful policy
instruments for GHG emissions are necessary for making this technology economically interesting.

5.4.

Emerging usage of industrial excess heat

5.4.1. New electricity generation technologies
Today, there is an interesting development of ORC (Organic Rankine Cycles) technologies as well as
thermoelectric devices.
Devices that can generate electricity directly from heat are attractive due to no moving parts and thus
low maintenance costs and long service life. The group includes [24]:




Thermoelectric Generation
o Based on the Seebeck effect (compare with thermocouples)
o Requires a large temperature difference between hot and cold side in heat recovery
applications.
o A “reversed” thermoelectric generator could be used for heating or cooling (Peltier effect)
o Most systems have efficiencies in the range 2 to 5%.
Piezoelectric Power Generation
o An option for converting low temperature excess heat (100 – 150 °C)
o Piezoelectric devices convert mechanical energy in the form of ambient vibrations to
electrical energy.
o The efficiency is low (about 1%)
o High investment costs
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Thermo Photo Voltaic (TPV) Generator
o Converts radiant energy to electricity.
o Could potentially enable new methods for waste heat recovery. A small number of
prototype systems have been built for small burner application and gas turbines.

In general, power generation from excess heat has been limited to medium to high temperature heat
sources. However, advances in alternate power cycles may increase the feasibility of generation at low
temperatures. While maximum efficiency at these temperatures is lower, these systems can still be
economical in recovering large quantities of energy from waste heat. Table 5.3 summarizes different
power generation technologies.
Table 5.3: Options for Heat Recovery via Power Generation (from reference [24])

Development of new materials for thermoelectric generators (TEG) is a research field in many
countries, e.g. Germany, USA but also for China. Since variable costs are practically zero, the specific
investment cost (€/W) is the by far most important variable. This decrease could be obtained by
increased efficiency and/or decreased material and production costs.
The Organic Rankine Cycle (ORC) operates similar to the steam Rankine cycle, but uses an organic
working fluid instead of steam. Options include silicon oil, propane, haloalkanes (e.g., “freons”),
isopentane, isobutane, p-xylene, and toluene, which have a lower boiling point and higher vapor
pressure than water. This allows the Rankine cycle to operate with significantly lower waste heat
temperatures - sometimes as low as 150ºF [66ºC]. The most appropriate temperature range for ORCs
will depend on the fluid used, as fluids’ thermodynamic properties will influence the efficiency of the
cycle at various temperatures.
In comparison with water vapour, the fluids used in ORCs have a higher molecular mass, enabling
compact designs, higher mass flow, and higher turbine efficiencies (as high as 80–85%).However,
since the cycle functions at lower temperatures, the overall efficiency is only around 10–20%,
depending on the temperature of the condenser and evaporator. While this efficiency is much lower
than a high temperature steam power plant (30–40%), it is important to remember that low
temperature cycles are inherently less efficient than high temperature cycles. Limits on efficiency can
be expressed according to Carnot efficiency—the maximum possible efficiency for a heat engine
operating between two temperatures. A Carnot engine operating with a heat source at 300ºF [150ºC]
and rejecting it at 77ºF [25ºC] is only about 30% efficient. In this light, an efficiency of 10–20% is a
substantial percentage of theoretical efficiency, especially in comparison to other low temperature
options, such as piezoelectric generation, which are only 1% efficient.
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ORC technology is not particularly new; at least 30 commercial plants worldwide were employing the
cycle before 1984. Its applications include power generation from solar, geothermal, and waste heat
sources. As per an article published in Distributed Energy, ORCs are most useful for waste heat
recovery among these three applications.24 Waste heat recovery can be applied to a variety of low to
medium temperature heat streams. An example of a recent successful installation is in Bavaria,
Germany, where a cement plant installed an ORC to recover waste heat from its clinker cooler, whose
exhaust gas is at about 930ºF [500°C]. The ORC provided 12% of the plant’s electricity requirements
and reduced CO2 emissions by approximately 7,000 tons.25 Although the economics of ORC heat
recovery need to be carefully analysed for any given application, it will be a particularly useful option
in industries that have no in house use for additional process heat or no neighbouring plants that could
make economic use of the heat.
In an energy efficiency study at a petroleum refinery [33], power production from excess heat was one
option evaluated. However, based on today’s technology, only at high electricity prices breakeven was
possible. Figure 5.6 shows results from the study. The diagram is drawn for an annuity factor (capital
recovery factor) of 0.2. At a size corresponding to 1.5 MW electricity (about 12 MW excess heat), an
electricity price of 0.65 SEK/kWh (65 €/MWh) is needed to reach breakeven. The excess heat
temperature was above 140°C.
Profit (SEK/kWh)
0,20
0,00
0

500

1000
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-0,20
Grid price
-0,40
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0,65 SEK/kWh

-0,80
-1,00

-1,20
-1,40
Electric power (kW)

Figure 5.6: Economic performance of ORC in refinery (based on [33])

5.4.2. Wet steam turbine (WST)
In some plants, there often exists the steam network where the steam pressure may vary. It is possible
to recover a part of the energy drop in the steam due to the pressure reduction. Compared to a normal
steam turbine, a WST is less sensitive to erosion due to high moisture content in the steam. This
allows for no superheating of the ingoing steam and instead, saturated steam can be utilized.
Through installation of a WST at the district heating facility at Aneby, Sweden, the plant is now able
to produce 3.2 GWh of electricity on a yearly basis, when utilizing 15 bar(a) steam. At Svenska Foder
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in Hällekis, Sweden, which is an animal feed producer, a WST has been implemented. Steam is
produced at 13 bar(a) and, depending on the production at the site, varying amount of work is
extracted from the turbine. The maximum power output is 310 kW.
5.4.3. Drying system - coal drying
Coke oven: reuse of low temperature heat in flue gas for coal drying (coal moisture control, CMC)
Moisture content in the coking coal is an important variable that greatly affect the efficiency of the
coking process; by reducing the moisture content it is possible to increase the efficiency of the
production. One possible way of achieving reduced moisture content is through so called Coal
Moisture Control (CMC), where the coking coal is dried by either direct contact or heat exchange with
flue gas from the coking-battery Nippon steel corporation (NSC) have developed a process for this
purpose, a process scheme for this technology can be seen in Figure 5.7.
The coal that is to be dried is fed through a fluidized bed dryer before being charged into to the coke
battery. Flue gas from the coke battery is passed through the fluidized bed, allowing for drying of the
coal. Two fans are applied in the system to ensure sufficient draft of the flue gas. Before exiting
through the stack, the flue gas is passed through a dust collector which gathers dust and then re-enters
it with the coal before coking battery.

Figure 5.7: Scheme of Coke Moisture Control process from Nippon Steel Corporation

5.4.4. Drying systems – Drying of biomass
Here, drying with different types of excess heat, i.e. warm air, flue gases or steam, is discussed. A big
part of the development of new drying equipment is directed towards biomass applications due to the
increase in interest for this, in principle, carbon-neutral primary energy source.
Air dryer concepts for biomass have previously been described by Holmberg and Ahtila [34] and a
steam dryer was studied by Berghel and Renström [35]. Based on these papers, models of the different
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dryers are available in Aspen Plus V7.2 (Aspen Tech) by Heyne and Harvey [36], in order to retrieve
mass and energy balances.
Air dryer
Drying with heated air can take place on a belt dryer where the drying air is heated with secondary
heat (excess heat) from the industry. The lowest possible excess heat temperature is approximately
65 °C.
Flue gas dryer
Drying with flue gases is a well proven technology used in many installations, where the rotary type is
the most common for larger applications. If a dedicated boiler is used for drying, the inlet temperature
is normally relatively high, between 250° and 400°C (Fagernäs et al., 2010). In general for a chemical
pulp and paper mill, flue gases from the recovery boiler could be used for drying. Sometimes however,
the boiler is equipped with a flue gas scrubber and the flue gases can then not be used for drying. Also,
flue gases from e g a gas turbine can be used. The exit temperature of the flue gases after the dryer
should have a minimum temperature of 80 °C.
Steam dryer
Drying with steam often takes place at an elevated pressure in order to be able to utilize the latent heat
in the evaporated moisture for heating purposes, thereby increasing overall efficiency. As an example,
in a case study in a pulp and paper industry the biomass was pressurized and fed into the dryer with a
screw feeder, proven to be a more reliable solution than lock hoppers for several installations (Berge
and Dejfors [37]). Steam carried the biomass through the dryer, and also transported heat from the
heating media to the biomass, shown in Figure 5.8. Condensing steam at a higher pressure level
superheated the carrying steam through heat exchange which in turn caused the biomass moisture to
evaporate. Steam for heating was extracted from the mill’s turbine at 18 bar, thus superheating the
carrying steam to 197°C, and allowing for a minimum temperature difference of 10°C between the
condensing 18 bar steam and the superheated carrying steam Figure 5.8. The carrying steam was
assumed to leave the dryer together with the evaporated moisture 5°C above the saturation
temperature. The evaporated moisture may contain contaminates from the biomass, and should
therefore not be used directly in sensitive equipment, for example in a turbine, without reforming.

Figure 5.8: Sketch showing the principle of a steam dryer [38]
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5.4.5. Biorefineries
There are today huge R&D activities globally in the area of biorefineries. Some of these concepts are
economically interesting already today and can therefore be expected to be introduced commercially
in a short time perspective.
In a biorefinery, biomass is upgraded to one or more valuable products such as transport fuels,
materials, chemicals, electricity and, as by-product, heat. In principle all types of biomass can be used,
e.g. wood, straw, starch, sugars, waste and algae. A biorefinery can be anything from one single
machine for conversion of biomass up to a complex, polygeneration plant integrated with another
large energy system. Some biorefinery concepts need low-temperature heat and some produce an
excess of heat at such temperature levels. In both cases, biorefinery concepts are of very high interest
in connection with excess heat. In the first type, excess heat from a process industry can be connected
to a biorefinery, thus reducing the need for primary heat. In the second case, the biorefinery can be
seen as a new process system producing excess heat, which can be connected to an industry needing
heat at the corresponding temperature levels. Such connections should in many cases be necessary or
advantageous, for economic reasons, and can therefore in the future play an important role in many
countries when it comes to rational excess heat usage.
There is a huge list of possible future biorefinery concepts. Below we discuss some of these, being of
high interest for excess heat usage, in different types of industry.
The pulp and paper industry is, for obvious reasons, a key industry when it comes to biorefinery
integration. There are several ongoing and planned projects for implementation of biorefinery options
in this industry. Examples are extraction of hemicelluloses and lignin in the pulping process, black
liquor gasification, biomass gasification and ethanol production through fermentation as a part of the
pulping process.
Due to the magnitude of the energy use in the iron and steel industry large amounts of biomass could
be used in this industry. However, the variety of options for increased use and refining of biomass in
the iron and steel industry are limited. One way is to replace fossil carbon with carbon from biomass,
either as a reducing agent in the blast furnace or as a fuel in heating furnaces. Thereby the excess heat
from this industry would become partly green.
In the chemical industry, two major examples being discussed are gasification of biomass and
production of a syngas which could partly replace the gas from a cracker or production of ethanol
from fermentation. In both cases end products based on biomass could be e.g. methanol, olefins
(polyethylene, etc.) and butanol.
Oil refineries have the opportunity to integrate biorefinery options in many ways. Biofuels can be
upgraded to meet existing fuel standards by using catalytic cracking to reduce oxygen content and
molecular size and improve thermal stability. To meet the increasing demand for hydrogen and at the
same time introduce biomass into the petroleum processes, one option could be to produce hydrogen
through on-site gasification of biomass. One such pathway could be to co-feed byproducts from the oil
refinery, such as coke, with biomass, or biobased energy commodities, in a gasification plant for
hydrogen production. Another option is gasification followed by production of biomass-based diesel
through a Fischer-Tröpsch synthesis.
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Regardless of industry type, the two most commonly discussed and studied biorefinery concepts are
gasification and fermentation, in both cases in combination with complex processes for pre-treatment,
cleaning, upgrading, etc.
Gasification involves heating a material using a gasification agent such as oxygen, steam or air. The
feedstock is broken down to a mix of small molecules, mainly carbon monoxide and hydrogen, known
as synthesis gas or syngas. This is then used for building new more complex molecules for use as
fuels, chemicals or materials. The syngas can also be used in a combined cycle for producing
electricity with high efficiency.
The amount of excess heat from a gasification plant is highly dependent on if the incoming biomass is
wet or dry. With wet biomass, a big part of the excess heat is used internally for drying. From an
excess heat perspective, this technology can therefore be of interest to connect with a process industry
having excess heat at temperature levels suitable for biomass drying.
The core in the fermentation pathway is the fermentation step in which microorganisms are used to
convert the sugar to a specific product. From a biorefinery perspective, it is of particular interest to use
microorganisms to produce chemicals and energy carriers. Examples of fermentation products
produced today at an industrial scale are ethanol, lactate, amino acids and citric acid. For production of
pure ethanol, there is a need for both distillation and evaporation at temperature levels of typically 50
– 110 °C. It can therefore be connected to an industry with an excess of heat at such temperature levels
One highly interesting opportunity, as a part of the biorefinery development, is the need for biomass
drying, discussed above. If this can be done with excess heat, which does not have any alternative
usage, such an opportunity can be very advantageous, both economically and in terms of global GHG
mitigation.

5.5.

Future usage of excess heat

One future opportunity for reduction of GHG emissions in industry is CCS, which has been identified
by e g IEA to be a key technology for GHG mitigation from around 2030 and onwards. For this
technology, in industrial applications, excess heat can play a major role, as it can be used to desorb the
CO2 in CCS plants. The heating cost for desorption in post combustion CCS, if done through primary
heat, is typically 40-65 % of the total costs for the whole system including distribution and storage.
Although the power sector has been the main focus of CCS research, there is significant potential for
the application of CCS to the industry. The International Energy Agency (IEA) (2011) estimates that
in order to limit climate warming to between 2°C and 3°C, CCS will have to account for 9% of the
total reduction in CO2 emission to be achieved in the world-wide transportation and industry sectors.
There are in principle four options for CO2 capture:



Pre-combustion processes in which CO2 is removed from the fuel prior to combustion in
order to produce hydrogen. The hydrogen is then combusted without the formation of CO2.
Post-combustion processes in which CO2 is removed from the flue gases derived from fossil
fuel combustion.
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Oxyfuel combustion in which fuel is combusted in oxygen (mixed with recirculated flue gas)
instead of air, creating a more or less a pure CO2 stream in the off gases.
Chemical-looping combustions, which is a combustion technology with inherent CO2
separation without any energy penalty from the separation of gases (i.e. the separation of
oxygen from air or the separation of CO2 from flue gases is avoided). This technology is,
however, still on the pilot scale.

Currently, around the world, there are 73 active or planned CCS projects (Global CCS Institute, 2012),
of which fifteen involve the separation of industrial CO2 emissions.
Over the past 20 years, the results of several studies of CO2 capture at industrial facilities have been
published. For example, UNIDO9 (2010) published a technological synthesis report for CCS in
industry, which describes the main technology options and highlights case studies and cost estimates
for research, demonstration, and commercial projects. IEA (2011) published a technological roadmap
for CCS in industry, which shows that CCS could reduce CO2 emissions by up to 4.0 Gt/y by 2050
(accounting for 12% of the total world-wide CO2 emissions in 2010).
Excess heat is of high interest especially for the post-combustion technique. No re-construction of
existing equipment is necessary for post-combustion CO2 capture. On the down side, the regeneration
in the desorber is a very energy consuming part of the post-combustion process. Nevertheless,
according to Kuramochi et al. [39] and CONCAWE [40] the post-combustion process is the only
feasible option in a short-term perspective. However, the cost for post-combustion CO2 capture may
fall if low-cost low-pressure steam, hot water, etc. is available at temperatures around 100-130 C.
Large process industries often have excess heat available at different heat levels which could be used
to partly or fully cover the heat demand in the post-combustion process. For example Hektor and
Berntsson [41] have used this approach to study the potential for reducing the cost for the capture of
CO2 at a kraft pulp mill. The authors show that thermal process integration is possible and that it
significantly reduces the cost of CO2 capture. Further, Hektor [41] showed that using an NGCC is the
most competitive way of supplying heat to a post-combustion CO2 capture plant at a pulp mill. In
principle the same results have been reported for the oil refining industry, see Johansson [42].
The principles for the use of excess heat in future industrial CCS plants are shown in Figure 5.9, where
direct use in combination with heat pumping is included.

Annex 15 – Excess Heat

51 (67)
5 May 2015

Final Report – Phase 1

Figure 5.9: Process integrated Carbon Capture in a refinery [42].

5.6.

Prioritized technologies and systems in participating countries

Since energy prices and policy instruments differ between the participating countries in this Annex,
the interest for different technologies is not the same in all countries. Figure5.10 shows retail prices for
industry for a few energy carriers according to IEA Energy Statistics.
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Figure5.10: Retail prices for different energy carriers from IEA Key World Energy Statics 2013.
The fossil energy prices in the U.S.A are low. The electricity price is similar to the electricity price in
Norway and Sweden. It is therefore likely that heat recovery measures in industry have not been as
profitable as in many other countries in this Annex resulting in higher flue gas temperatures in general.
This is also reflected in the classification of excess heat mentioned in Section 4.8, where ‘high quality’
means excess heat temperatures above 650°C and ‘low quality’ means temperatures below 230°C.
Relatively high excess heat temperatures make electricity generation an interesting possibility due to
possible relatively high conversion efficiencies and the country report from U.S.A. (Appendix 2)
confirms this. Electricity generation have been a prioritized area in both R&D and demonstration
projects in the U.S.A.
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The high electricity price in Germany is also a driver for R&D in electricity generation from excess
heat. This could also be a means to improve the efficiency of micro CHP-plants.
In Sweden, with its high fossil energy prices and comparatively low electricity price, heat pumping
should to be attractive. And it is, at least for space heating purposes. The energy intensive industry in
Sweden could have an interest for high temperature heat pumps. Excess heat usage in district heating
networks is of interest in Sweden, as well as in Denmark and Germany.
With its low electricity price, heat pumping is an attractive technology in Norway.

5.7.

Case studies and demo projects in participating countries

Participating countries have delivered descriptions on ongoing and planned projects in their countries.
All these inputs are compiled in Appendix 2. Below a short summary of trends in this development is
presented.
The reported projects deal with many types of industry, internal and external use, as well as different
technologies. The variety of technologies, however, is not very large, In the majority of the projects,
six types of technology are involved. These are described below.
5.7.1. Heat Pumping
In addition to small and medium type heat pumps for e.g. house heating, large heat pumps have been
used for many years in district heating systems, for example in Denmark and Sweden. The heat source
has been/is for example municipal waste heat, lake/river water or industrial excess heat. The new
development, reported in the country reports, deals mainly with industrial applications of large heat
pumps and development of high-temperature ones.
The development of high-temperature compressor type heat pumps has been reported notably by
Norway and Denmark. By high temperature is meant condenser temperatures well above 100 °C, for
which “new” working fluids and new equipment are being developed. The working fluids include
water vapour and supercritical CO2, for which appropriate equipment is also being developed/tested.
The intended applications are for internal industrial use to lift heat to usable temperatures above
100 °C. Heat pump projects also in lower temperature ranges, for condenser temperatures up to e. g.
80 °C, depending on type of industry, are also reported. Possible types of industry include oil industry,
dairies, fish, metallurgical and offshore industry. In a Norwegian project, a heat pump is used for
combined heating (to 120 °C) and cooling (to 0 – 5 °C).
In the US, several industrial heat pumps are installed in case studies, mainly in drying and process
heating. Two criteria should be met, an abundance of excess heat and a heat pump with a COP high
enough to overcome the operation cost for e.g. boilers. With today’s low gas prices, also absorption
heat pumps are demonstrated for the same types of application.
In Portugal, opportunities for a heat pump application in a plant for biodiesel production by
transesterification are studied.
5.7.2. Organic Rankine Cycles (ORC)
Production of power from excess heat via ORC’s is of high interest in many countries. From Germany,
six pilot and demo projects are reported. The sizes are typically between 40 and 125 kW electricity.
Thermal efficiencies between 18 and 21% have been measured in well-designed systems. The
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efficiency depends of course on the heat source temperature level. In one plant, an ORC is connected
to CHP plants with the aim of enhancing the power production in the system. In the US, ORC’s are
demonstrated and developed for conversion of waste heat from gas turbine plants, diesel engines or
industrial excess heat to power. Industrial applications are e.g. integrated wood products, ornamental
tree farm, petroleum products, fertilizer production and waste water treatment. In addition to Rankine
type of cycle, also the Stirling cycle is tested for boosting electricity production in e.g. diesel engines.
5.7.3. Rankine cycles with supercritical CO2
Supercritical Rankine power cycles have recently received special attention (e.g. [43], [44] and [45])
due to their performance when applied for low temperature sources energy recovery. The supercritical
process differs from the others in that it absorbs heat at a supercritical pressure. Due to the continuous
slope of the temperature profile during heat absorption, compared to the constant temperature of
evaporation of a fluid at sub-critical conditions, it is possible to achieve a much better temperature
match with the heat source in the heat recovery unit, which leads to lower exergy destruction.
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Position in the heat exchanger

Figure 5.11: Illustration of improved temperature matching with supercritical operation

CO2 is a natural candidate as a working fluid for supercritical operation: it combines high
performance, low cost, low toxicity, it is non flammable and has no local environmental impact.
Supercritial CO2 power cycle has a relatively high maximum pressure (current standard heat
absorption at ~100bars) and also high condensation pressure (50-60 bars) which implies a potential for
component size reduction and, consequently, investment cost reduction. CO2 has not only been
investigated for low temperature applications, there is also an important activity on supercritical CO2
cycles for nuclear power reactors [46]. Toru Kitagaki (Japan Atomic Energy Agency) presented an
application of a supercritical CO2 cycle as bottoming cycle for gas turbines at the supercritical CO2
power cycle symposium (Colorado June 2011). CO2 is also being investigated as a topping cycle in
combined cycles where a standard ORC is the bottoming cycle [47]. This system enables the
avoidance of efficiency losses normally caused by limitations in operating temperature range due to
limitations in thermal stability for organic fluids. No supercritical CO2 power cycle has currently been
tested in industrial applications. However such a system is under commercialization by Echogen (see
www.echogen.com), who are preparing a 250kWe demonstrator.
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Figure 5.12: Comparison of thermal efficiency for high temperature cycles, [46], performed for a
study on nuclear power reactors.

5.7.4. Thermoelectric devices
The thermoelectric principle for converting low-temperature heat into power is being developed
mainly in Germany and the US. In both Germany and the U.S., the development is focused on
development of to be suitable in different temperature change ranges, e.g. 150, 400 and 600 K. In
Germany the goal is to get to system costs well below 1 €/W. Thermoelectric devices are tested in for
example diesel engine systems to enhance the power production. One development route is
thermoelectric textiles. Also a new battery type, in which excess heat is converted to electricity, is
tested.
5.7.5. Power Production Using Excess Heat at Higher Temperatures
Several projects for excess heat conversion to power at higher temperature levels, where ORC’s are
not suitable, are also ongoing and planned. Examples are in oil production well sites and petroleum
coke calcining kilns (US) and power production in off-shore applications, ferrosilicon and silica dust
production and other, smaller, ones in process industries (Norway).
5.7.6. Use of Industrial Excess Heat in District Heating Systems
Industrial excess heat has been and is used traditionally in connection with district heating systems. It
is also used in district cooling applications. These aspects are discussed in other parts of Chapter 5.
New development being reported is several projects in Denmark, in which industrial excess heat from
different industry types is being connected with district heating systems. The types of industry include
alumina, iron casting, glass, metal and food. In a large project, opportunities for creating district
heating systems with lower temperature levels, than traditionally used, are investigated. This would
enable the use of low temperature excess heat (below approximately 80 °C), which would enhance the
available excess heat amounts considerably.
Studies of excess heat utilization from industrial clusters are reported from Sweden. In one project,
opportunities for combining internal energy recovery and export to a district heating system in a
chemical industry cluster with 5 industries are studied. Energy-saving opportunities with up to at least
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50 MW can be combined with excess heat export of 100 – 150 MW. No decisions about
implementation have been taken yet. In another project in Sweden, a new cooling concept to utilize
excess heat from warm bodies in the steel industry for district heating use is studied.
In Norway projects in industrial clusters for internal energy saving and for export to a district heating
system are in operation. Examples are milk processing together with other industries, fertilizer and
manganese plants.
5.7.7. Internal Excess Heat Recovery
In addition to energy recovery projects discussed above in connection with the different technologies
included there, large recovery projects have been reported from Norway and Sweden.
In Norway, some examples of industrial clusters for excess heat recovery internally are heavy industry
co-operation (47 GWh recovered) and a planned industrial park for salmon, fish oil and mill. Also
other examples are mentioned in the country report.
From Sweden, energy recovery projects are e.g. recycling of high grade heat from blast furnace,
energy recovery from foundries, potentials and utilization opportunities for low waste heat in the steel
industry, potentials in and opportunities for recovery of excess heat in the oil refining industry.
In Germany, a steel industry site for production of cast components and metal and iron products for
the car industry exports excess heat for production of steam to drying processes in a food industry.
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All participating countries have or will have policy instruments of different types influencing the use
of excess heat, both internally and externally.
6.1.1. Policy Instruments Influencing External Use of Excess Heat.
The existing or possible policy instruments for external use can be divided into at least four different
categories:





Regulatory/Administrative
Economic/Taxes/Subsidy
Information/Behavioural changes
Technical improvements/Research

Examples of instruments are shown below:

These different types have, in principle, positive, neutral or negative influence on the economy for
external excess heat, as is shown below:
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6.1.2. Policy Instruments for GHG Emissions
One of the most important policy instruments for excess heat use will be the ones directed towards
GHG emissions, especially for CO2. Examples are CO2 trading system (e. g. ETS in Europe) and CO2
taxes. Regardless of how this is done fiscally, a charge on CO2 will influence also future prices for fuel
etc. According to many international and national organizations, CO2 charges will increase in the
future. To meet the uncertainties about the possible levels, different scenarios have been developed by
many organisations. One important example is IEA, which has developed three different scenarios:

The first two scenarios are rather close to each other, so below the resulting CO2 charge levels for new
policy and 450 scenarios are shown:
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SCENARIOS

2020

2020

2030

2030

2040

2040

2050

New

450

New

450

New

450

New

16

27

26

74

35

117

43

POLICY INSTRUMENTS
CO2 charge (ETS)

[€/ton]

This example shows that the uncertainty for this important parameter is considerable.
The area of new or stronger policy instruments for GHG mitigation is under rapid (at least in some
countries) development and is therefore difficult to present here. These aspects are of high importance
for both economic and sustainability performance, including the time perspective (changes of policy
instruments may change the conditions for strategic investments such as excess heat considerably).
International cooperation in this area is therefore needed to understand how different policy instrument
developments can influence future use of industrial excess heat.

6.2.

Competition and Comparison between Industrial Excess Heat and
Combined Heat and Power

6.2.1. Economic aspects
The background for the fact that there is, or can be, a competition between industrial excess heat and
combined heat and power is that both need a heat sink. If the number/amount of heat sinks is limited,
the question arises which of these two technologies should be the one to choose, from an economic
and environmental point of view.
The main parameters influencing the economy for industrial excess heat are: Investment cost in the
heat exporting industry for collecting the heat, price of heat to the pipe line, pipe line cost between the
heat exporting industry and the heat importing industry/district heating system, pumping costs and
maintenance costs. The corresponding ones for a CHP plant are: Investment cost for the plant and fuel
cost. An economic comparison for the user of the heat (importing industry or district heating system)
is independent of the price of the heat to the end customer, it only depends on the cost for the heat in
the two different cases. In the CHP case, there is also an income for the power produced. Also, the
investment costs in the CHP must be shared between the electricity and heat delivered from the CHP.
In the industrial excess heat case, different business models are being used. The exporting industry can
be responsible for the investment in their own plant and sell the excess heat to the heat user and the
user is responsible for all other investments, the exporter and importer can start a common company
being responsible for all investments and sharing the net profit in some way between each other, a
third part can invest in all equipment and have agreements with the other two parts, etc.
“Industry” here means not only one single industry, but can also be a cluster of industries.
The type of system having the highest net annual profit (or best economy with any other economic
evaluation parameter) depends of course on all parameters discussed above. In addition, the time
perspective has a high influence. The development with time of policy instruments, not the least future
CO2 charges (see Section 6.1.2) will influence the economy considerably. Hence, for strategic
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decisions, assumptions regarding future scenarios for policy instruments and energy prices will play an
important role in economy calculations.
Some studies have investigated the relative importance of investment, operational, and policy
instrument parameters.
The other aspect of importance, when comparing industrial excess heat with CHP, is the
environmental consequences, and especially the climate mitigation ones.
6.2.2. Climate consequences of using industrial excess heat or CHP
The climate consequences of using industrial excess heat instead of CHP will probably influence the
use of this technology considerably. Both the economic and the climate consequence aspects must be
favourable in this comparison in future situations. Therefore, in Appendix 1 (Climate Consequences of
Using Industrial Excess Heat or CHP), a comparison between the technologies regarding climate
consequences is presented. A comparison in a real situation depends on many both site-specific and
general parameters. In Appendix 1, an approach with simplified conditions has been used, in order to
show and quantify the most important parameters and to show that some combinations of these
parameters can result in a non-favourable situation for industrial excess heat regarding global climate
consequences.
In the work with the climate consequence comparison, it was found that the probably most important
parameter in the future will be the mix of electricity production technologies in the grid, especially the
build margin technology in that system. The most important findings were;



If the marginal power production technology grid is coal condensing plants, excess heat
cannot in most cases compete with CHP.
If the marginal power production technology is natural gas combined cycle (NGCC) or a
system with even lower emissions, excess heat is always more advantageous than CHP

These general findings are applicable to both fossil-fuel based and biomass based CHP. An
assumption in the study was that biomass will be a limited resource in the future, which makes it
important to treat the system borders in a correct way.
It is of course uncertain how the development of build margin technologies will be in the future.
However, it is reasonable to assume that less emitting technologies will be introduced more in the
future, as an important means to decrease CO2 emissions. Hence, there is a likelihood that excess heat
will be one important technology for GHG emissions reduction in future systems.
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7.

Knowledge gaps, findings and suggestion for further work

7.1.

Gaps and findings

This report deals with most major aspects of industrial excess heat. There are, however, some areas
not included. Main examples are :




Different public attitudes towards the use of excess heat
NGO views on industrial excess heat (although briefly mentioned when discussing green, white
and black excess heat)
Business and market models needed/possible when using excess heat externally (including
cooperation models between cluster companies)

Some other aspects, being included but where it is important to go into more depth in further work, are:
Potential for industrial excess heat
Although much work in this area has been done, and included in the report, there is a strong
need for further studies. The national situations differ considerably, so more national studies
should be performed. In addition, during the work with this report it became clear to the group
that existing material can be used to draw more conclusions than has been done so far. For
example, comparisons between case studies of process industries of the same type and within
principle the same products could lead to a better understanding of temperature levels, amounts
and type of excess heat in different industry types and sizes. However, this was considered not
possible in Phase 1 of the annex due to the limited time/resources of this phase.
Methods for making inventory studies
In the report several approaches and experiences are discussed. However, this is a crucial area
for promoting the use of excess heat and more studies should be performed, as discussed above.
A synthesis of experiences and sharing of approaches, experiences and results from earlier and
planned studies are important. During the work in Phase 1, it became obvious that further
inventory studies are planned in several countries.
Influence of policy instruments
It is most likely that policy instruments will change in the coming years, e.g. in order to promote
energy efficiency measures, use of sustainable energy resources and technologies/systems
reducing GHG emissions. This will influence both the economic performance and the
sustainability aspects for industrial excess heat usage. Hence, policy instrument development
will most probably be a crucial aspect for this area in the future. It is therefore important to
follow plans and possible long-term scenarios for policy instruments in different countries and
develop a better understanding how different future policy instrument developments can
influence the use of excess heat.
Ongoing development of new technologies/systems for excess heat usage
In the report ongoing development in participating countries is discussed. However, this
development is continuously ongoing and should be revisited in the near future. In addition,
development also in other countries should be important to follow and describe. This would
mean that a platform for better information exchange between countries and types of technology
could be established.
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Other main findings:
-

-

-

-

All participants have found the cooperation within the annex and the knowledge exchange very
rewarding and has improved the knowledge in participating countries about industrial excess
heart usage.
Definitions of different types of excess heat differ considerably between organisations and R&D
groups. It is important to develop a common terminology. IEA could be an organisation to be
responsible for this.
Industrial excess heat has caught an increasing interest in recent years. The potential is most
probably considerable globally but difficult to quantify, given today’s knowledge about
availability and opportunities.
Development of policy instrument levels and types will most probably have a high influence on
the economic viability to use excess heat in many countries. With possibly increasing demands
for GHG mitigation in the future, the policy instrument development may be beneficial for the
economic viability of industrial excess heat usage.

Below a summary of the proposal for Task 2 is presented. The full text with all descriptions,
obligations of participants and annex manager, time schedules, etc., is attached in an Appendix.
Based on the discussions during Phase 1, described above, three of the areas highlighted above are
included in the suggestion for Phase 2 of the annex. The ones mentioned above but not included in the
suggestion are all of high importance and should be included in a later part of the cooperation. The
reason for choosing the three areas presented below are that all participating countries have ongoing or
planned activities in one or more of these areas and that these areas are likely to attract interest also
from other countries, not participating in Phase 1.

7.2.

IEA, IETS, Annex 15, Task 2 – Opportunities for Industrial Excess
Heat: Available Resources and Possible Future Economy

Objectives
The objectives of Task 2 are:
 To enhance international collaboration in the field of industrial excess heat usage
 To create a platform within IEA for sharing experiences and findings in R&D projects in the
three areas included in this proposal
 To improve the knowledge in participating countries of technical and economic potentials
for industrial excess heat usage, internally and externally, of experiences of and results from
inventory studies in different types of industry and different countries
 To exchange experience of conducting inventory studies
 To enhance knowledge about consequences for the performance, economically and in terms
of sustainability, of industrial excess heat projects of different possible future developments
of policy instruments and to identify future plans or trends for policy instrument
development in participating countries
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Means
The objectives of this task shall be achieved through common efforts between the participants, sharing
of results from national projects and synthesis work. The work is divided into three subtasks, dealing
with the areas of special interest for Task 2, as discussed above. Each participant is required to
contribute with one or more projects, financed nationally, dealing with aspects of interest in one or
more of the three subtasks. All participants can participate in all parts of all meetings, regardless of the
area of the participant’s contribution from national funding.
Subtask 1: In-depth evaluation and inventory of excess heat levels
Knowledge of possible future availability of industrial excess heat from different types of industry
regarding amounts, temperature levels, and type ( dirty or clean gas, water, air, solid, etc.), is of crucial
importance for the implementation of industrial excess heat usage in participating countries. It is also
important to quantify this future potential to e. g. governmental decision makers in future discussions
on policy instruments, need for demo plants, etc.
In the first phase, a compilation of existing studies and assessments of potentials for industrial excess
heat has been made. Time and resources in that phase did not allow a more in depth analysis of
existing knowledge or calculations of possible potentials based on studies and knowledge of number
and sizes of different types of industry. Therefore, a more in-depth study on these aspects was
identified as an important part in Task 2.
In Task 2, the in-depth study will include comparisons between different studies of different types of
industry and comparisons with existing composite curves (from process integration studies), to
identify possible levels of excess heat versus size of the plant and degree of energy efficiency (as far
as possible with existing background material).
Subtask 2: Methodology on how to perform an inventory in practice
In the Phase 1 report, a compilation of top-down and bottom-up approaches to perform an inventory in
a real plant, is included. A discussion in the workshop in Lisbon, May 2014, showed that there is much
experience in the participating countries about different approaches, which should be of high value to
compare and describe in more detail. Furthermore, several participants reported about planned national
projects in this area, and expressed a high interest to compare and exchange experiences from these,
both in the planning and performing phases.
This subtask will therefore deal with in-depth compilations of results and experiences from earlier
inventory projects as well as exchange of plans and results regarding upcoming projects.
Subtask 3: Possible policy instruments and the influence on future use of excess heat
In the Phase 1 report, a general discussion on the role of future policy instruments for the economy of
industrial excess heat usage as well as on the influence on the carbon footprint for excess heat of
policy instruments and future changes of the surrounding energy system has been included. A
discussion on what parameters will influence if an excess heat is “green”, “white”, or “black” has also
been included.
Several projects in the participating countries are ongoing or planned in this area. A more detailed
knowledge about these parameters and the influence on the economy and the climate performance is of
high importance for the promotion of industrial heat and for the usage of this resource in sustainable way.
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In Task 2, an exchange of knowledge from ongoing and (today) planned projects in participating
countries as well as calculations showing the influence on the economy and sustainability of industrial
excess heat will be performed.
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Appendix 1: Climate Consequences of Using Industrial Excess Heat
or CHP
A typical competing technology for industrial excess heat is CHP, normally based on natural gas. In
areas with biomass resources, also biomass-based CHP will be a competing technology. It is therefore
of high interest to compare the use of industrial excess heat and natural gas-based or biomass-based
CHP (including opportunities for alternative use of biomass) from a climate consequences point of
view. This is done below. The GHG emissions comparisons are made with some very simplifying
assumptions in order to show the general results and the most important parameters. In reality, large
systems with industrial or community CHP plants are normally complex with more than one plant,
seasonal and daily variations of technology mixes, etc.

Comparison with fossil fuel-based CHP
In small and medium sized CHP, gas turbines using natural gas are frequently used. In larger systems,
natural gas combined cycles, NGCC, will probably be used more frequently in future systems. Also oil
or coal can be used as fuel. Here natural gas is discussed, as it has the highest chance of these three
fuels to become climatically competitive to industrial excess heat.
Figure A1 shows the principles of a CHP system and denotations used in the following discussion.
CHP

Condensing power

Fuel

Electricity

Fuel

Electricity

ηel

1

Usable heat

ηel,1
Condenser

ηheat

Figure A1: CHP and Condensing Power Plant
In order to produce one kWh of heat, 1/ηheat kWh of natural gas is needed. At the same time ηel/ηheat
kWh of electricity is produced, where the values of the efficiencies depend on size and if it is an
NGCC or not. The ηel electricity produced, replaces electricity produced by the build margin
electricity production system in the region in question. This is in many cases coal condensing plants
today. In the future this can be replaced by NGCC condensing plants, below called NGCCC, coal
condensing plants with CCS or, given the ongoing cost reduction for these plants, even wind and/or
solar cell power in the future (depending on time frame, energy market scenario chosen, etc. In some
regions today, the build margin has emissions corresponding to NGCCC or lower. Below the
comparison is done between coal condensing plants and NGCCC, which would cover the majority of
build margin situations today and in the medium term future.
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If we assume that the emissions from natural gas, including leakages in pipe lines, is M kg CO2/kWh
fuel, (by CO2 is always meant CO2 equivalents), the emissions from the system, including the power
produced replacing the build margin one, per kWh heat are:
𝑠𝑦𝑠𝑡𝑒𝑚 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =

𝑀
𝜂ℎ𝑒𝑎𝑡

−

𝐶 𝜂𝑒𝑙
𝜂ℎ𝑒𝑎𝑡

where C kg CO2/kWh electricity is the specific emissions from the build margin power production
plant.
𝐶=

𝑀𝑎
𝜂𝑒𝑙,1

where a is the factor between specific emissions for the fuel in the build margin plant and natural gas
and ηel,1 is the conversion efficiency in the build margin plant. Depending on the assumed methane
leakage in the natural gas grid, the factor “a” lies in the range 1.4 to 1.6 if coal and natural gas are
compared.
Table A1 shows the system emissions when introducing CHP assuming reasonable efficiencies.
Table A1: System CO2-emissions when introducing natural gas based CHP. NG = natural gas
fuelled gas turbine, CC = coal condensing power plant, NGCC = natural gas combined cycle,
NGCCC = natural gas combined cycle condensing, ηheat = heat efficiency CHP, ηel = electric
efficiency CHP, ηel,1 = electric efficiency build margin power plant

CHP / Build margin power plant

ηheat

Efficiencies
(based on LHV)
ηel
ηel,1

Fuel emission
ratio
a

Emissions
M kg/kWh heat

NG / CC

0.6

0.3

0.48

1.4

0.21

NG / CC

0.55

0.35

0.48

1.4

– 0.04

NGCC / CC

0.45

0.45

0.48

1.4

– 0.69

NG / NGCCC

0.6

0.3

0.6

1

0.83

NGCC / NGCCC

0.45

0.45

0.6

1

0.56

In the table, two levels of efficiencies for the gas turbine type of CHP plant has been used, as these
values vary with e.g. the size and age of the plant.
The total emissions in the case of excess heat usage instead of a CHP plant are 0 (if e.g. pumping costs
are neglected and if the heat is green or white).
As can be seen in the table, the emissions are negative when the CHP plant is an NGCC, i.e. in large
CHP plants, and the build margin power plant is a coal condensing one. If the CHP plant is a gas
turbine, the emissions are around zero or slightly positive. This means that an excess heat system
cannot compete with a CHP plant, unless that plant is small and possibly old. However, in many cases
an excess heat system has to be relatively large to become economically interesting. Hence, in most
cases, an excess heat system cannot compete with a CHP plant regarding GHG emissions, if the build
margin is coal condensing.
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If the build margin is NGCCC, an excess heat system would have typically lower emissions than a
CHP plant. As the development of build margin technologies most probably will go towards lower
emissions, it can be concluded that excess heat systems will probably be more competitive regarding
GHG emissions compared with a CHP plant in the future.
If coal condensing with CCS, wind or solar power would be part of the build margin in the future, the
specific emissions from the CHP would increase considerably. That would make excess heat usage
even more competitive.
In conclusion, in more future situations, industrial excess heat would reduce the emissions, in many
cases considerably, compared with natural gas-based CHP.

Comparison with biomass usage
For biomass as fuel, the emissions are 0, given today’s conventional calculations for “sustainable”
biomass and disregarding e.g. (not negligible) transportation emissions. This means that the first term
(M/ηheat) in the equations above would be 0. This means that all CHP systems included in the
comparisons here would have negative, in most cases highly negative, values. This means, in turn, that
industrial excess heat would in no cases be able to compete with biomass CHP in terms of GHG
emissions.
This conclusion, however, is wrong if biomass is considered to be a limited resource in society in the
future. In most studies of future biomass usage in society, it is considered to be limited. The system
boundaries assumed above, i.e. around the district/area where the industrial excess heat can be used
and including the power production system, does not take this into account. A correct way to compare
the two systems, given the situation with a limited resource, is discussed below.
A fair general assumption is that the industrial excess heat cannot be moved outside the district in
question. The biomass, on the other hand, can be regional or imported from another district/country. It
can be used for other purposes within the district in question (alternative transportation fuels, biomassbased materials, chemicals, etc.) or be used for any purpose in another district. Hence, we can identify
two systems:



System A, being the system in which the excess heat can be used
System B, being an alternative system for biomass use

System B can be other usage of biomass within the district, in which excess heat can be used, or
another district, in which the biomass can be used in CHP plants or for other purposes. If the biomass
is used for production of transportation fuels, materials, etc., it replaces direct use of natural gas, oil or
coal (depending on the base for the fossil-based alternative production).
With reasonable efficiencies for biomass-based CHP and with the same calculation procedure as
above, it can easily be shown that when the build margin is coal condensing and the biomass can be
used for CHP production, the excess heat cannot compete with the biomass CHP alternative. In all
other cases, the excess heat usage gives lower total system emissions than in systems not using the
excess heat. This includes systems, in which coal condensing plants are the build margin technologies
combined with direct replacement of fossil fuel (natural gas, oil or coal) by biomass. This means that
the result is in principle the same as in the comparison with fossil CHP, but the differences are larger
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for the cases where excess heat can compete. This means, in turn, that in systems with much lower
build margin emissions than with coal condensing plants, excess heat is considerably more
advantageous than biomass CHP. These conditions will be present in many systems in the future.
Details for the calculations with biomass are not shown, for simplicity. For a more comprehensive
study of comparisons in more realistic systems, the reader is referred to [48].The results from that
study are in accordance with the general ones discussed above.

