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20-50% of the industry energy consumption ends as WH and 18-30% could be recovered

Preface

Combustion and process exhausts, 
hot gases from ovens, machinery 

refrigeration

Regenerator, recuperator, 
economizer, waste heat boiler, 

thermoelectric generator

Preheating (boiler feedwater, raw 
materials, combustion air), electricity 
supply, domestic hot water, external 

district heating

3 main components are required to accomplish it:

S. M. Gutiérrez Caballero, F. Morentin, L. Á. Bujedo Nieto, F. Peccianti, N. Purshouse, and C. Ferrando, ‘Report on end-users’ current status, 
practices and needs in waste H/C recovery and RES integration’, SO WHAT H2020 Project, Deliverable 2.1, Jan. 2020. [Online]. Available: 
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Waste heat is generated along the industrial processes as a by-product in 
different forms, but the key factor is a suitable “end use” for the recovered heat

In Chapter 1, the main sources of 
waste heat and the possible end 
use of the recovered heat will be 
described
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There are different technologies available depending on the type and power 
of the waste heat source, the temperature ranges and the final use of the 
energy

In Chapter 2, individual 
technologies will be reviewed with 

a focus on operating principle, 
performance and typical 

applications
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WH is generated along the industrial processes as a by-product in different forms such as 
combustion gases, heated water or heated products.

Introduction

Conversion losses and end-user losses represent possible sources of waste heat, while
distribution losses are non-usable system inefficiencies.

S. M. Gutiérrez Caballero, F. Morentin, L. Á. Bujedo Nieto, F. Peccianti, N. 
Purshouse, and C. Ferrando, ‘Report on end-users’ current status, practices and 
needs in waste H/C recovery and RES integration’, SO WHAT H2020 Project, 
Deliverable 2.1, Jan. 2020. [Online]. Available: www.sowhatproject.eu.
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Most waste heat recovery devices transfer heat from a higher temperature effluent 
stream to another lower temperature inlet stream
WH “usefulness” will be determined by its temperature, so that the higher its 
temperature, the higher its quality

Introduction

S. M. Gutiérrez Caballero, F. Morentin, L. Á. Bujedo Nieto, F. Peccianti, N. 
Purshouse, and C. Ferrando, ‘Report on end-users’ current status, practices and 
needs in waste H/C recovery and RES integration’, SO WHAT H2020 Project, 
Deliverable 2.1, Jan. 2020. [Online]. Available: www.sowhatproject.eu.
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In this sector most WH comes from low temperature sources (<200°C)
Used for space heating or power generation through ORCs

Sources of Waste Heat
Non-Ferrous Metals

Aluminum

• Hall-Héroult process
• Most sources are at low temperature of 

300°C or lower 
• The amount of waste heat is limited 
• Used for space heating and preheating 

of raw materials 
Source: Shutterstock
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Sources of Waste Heat
Non-Ferrous Metals
Zinc and Cadmium Roasting
• Exothermic process carried out at 900°C approximately
• Recovery through cooling systems 
• Used to produce steam for power generation

Sintering and roasting 
processes of other ores
• Process at high temperature
• Recovery from flue gases
• Used to preheat air or produce steam

L. Lu and O. Ishiyama, ‘Iron ore sintering’, in Iron Ore, Elsevier, 2015, pp. 395–433.
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Sources of Waste Heat
Non-metallic minerals
Cement
• Process: calcination and sintering a mix of 

components in a rotary kiln at high temperature 
• A kiln uses approximately 3.300 MJ per tonne of 

product using 55% of the energy to drive the 
process 

• The gases coming from coolers or preheaters 
have a typical temperature between 250-380°C

• 0.3 GJ of energy per tonne of clinker is calculated 
to be available in the exhaust streams Source: Shutterstock
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Sources of Waste Heat
Non-metallic minerals
Lime
• Process: calcination of crushed limestone at 

approximately 900°C 
• Used for pre-heating the limestone being fed 

into the process
• Cooling air from cooling the lime may be used as 

warmed combustion air

Y. Yang, L. Wang, D. Xia, Z. Jiang, B. Jiang, and P. Zhang, ‘Novel Lime Calcination System for CO 2
Capture and Its Thermal–Mass Balance Analysis’, ACS Omega, vol. 5, no. 42, pp. 27413–27424, 
Oct. 2020, doi: 10.1021/acsomega.0c03850.
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Sources of Waste Heat
Non-metallic minerals
Glass
• Process: melting a mixture of sand, minerals and recycle glass in a furnace at a 

temperature of over 1500°C
• There exist examples of using ORC machines to electricity generation
• WH used for reheating combustion air

A. Redko, O. Redko, and R. DiPippo, ‘Industrial waste heat resources’, in Low-
Temperature Energy Systems with Applications of Renewable Energy, Elsevier, 2020, pp. 

329–362.
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Sources of Waste Heat
Chemical and petrochemical
• Crude oil is heated to 400°C before be fed 

into a distillation column
• After distillation, the lighter fractions are 

reformed and hydrotreated to produce 
gasoline and diesel, while heavy fractions are 
cracked

• WH produced at medium and low 
temperature

• Used to preheat incoming feedstocks using 
heat exchangers

C. Paterson and G. Bonvicini, ‘First release of SOWHAT industrial sectors WH/C recovery potential’, SO WHAT H2020 
Project, Deliverable 1.2, Dec. 2019. [Online]. Available: www.sowhatproject.eu
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Sources of Waste Heat
Food and Beverage
• Processed: Baking, boiling, frying, drying, 

distilling, pasteurising and refrigerating
• Most processes are at low temperature 

(<260°C)
• WH from Pasteurisation can be used to warm 

the incoming product
• Using heat exchangers to warm the 

incoming product is very common

J. A. W. Gut, J. M. Pinto, A. L. Gabas, and J. Telis-Romero, ‘CONTINUOUS PASTEURIZATION OF EGG YOLK:
THERMOPHYSICAL PROPERTIES AND PROCESS SIMULATION’, J Food Process Engineering, vol. 28, no. 2, pp. 181–
203, Apr. 2005, doi: 10.1111/j.1745-4530.2005.00416.x.
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Sources of Waste Heat
Food and Beverage
• Baking ovens produce flue hot gases at 

>200°C. WH can be used to preheat 
combustion air

• Possible problems with dirty streams
• A solution to recycle frying vapours could be 

directly mix them with the combustion air 
pre-heating the entering stream and 
reducing the energy needed

H. Wu, S. A. Tassou, T. G. Karayiannis, and H. Jouhara, ‘Analysis and simulation of continuous food frying 
processes’, Applied Thermal Engineering, vol. 53, no. 2, pp. 332–339, May 2013, doi: 
10.1016/j.applthermaleng.2012.04.023
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Sources of Waste Heat
Paper, pulp and printing
• Process: Kraft process. Wood is cooked 

at 170°C
• Tree bark and rejected pulp are often 

burned at paper mills to produce power 
and steam used in the processes

• Opportunities to recover energy from 
exhaust steam from the cooking and 
evaporating processes

C. Paterson and G. Bonvicini, ‘First release of SOWHAT industrial sectors WH/C recovery potential’, SO WHAT H2020 Project, 
Deliverable 1.2, Dec. 2019. [Online]. Available: www.sowhatproject.eu
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Sources of Waste Heat
Iron and steel
• Processes: Blast furnace and basic oxygen furnace 

(BF-BOF) process uses virgin ores. Electric arc 
furnace (EAF) process re-melt scrap and alloys

• 25% of the EAF input energy may be recovered to 
produce steam for power generation but this is rarely 
practised due to practical issues

• This industry produces hot steel products at high 
temperatures, over 700°C

• Economic payback and capital availability rather than 
technical feasibility typically limit the adoption of 
heat recovery solutions C. Paterson and G. Bonvicini, ‘First release of SOWHAT industrial sectors WH/C recovery 

potential’, SO WHAT H2020 Project, Deliverable 1.2, Dec. 2019. [Online]. Available: 
www.sowhatproject.eu
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Sources of Waste Heat
Power and energy
• Combined heat and power stations are 

often used on to provide process 
heating and steam for industrial 
processes or heat for space heating

• WH mainly at temperatures less than 
100°C and the rest at intermediate 
temperatures between 100 and 300°C

• Traditional incinerators handle 
temperatures between 1,000 and 
1,300°C

• Hot exhaust gases can be used to 
produce steam for electricity generation 

T. Dahou, P. Dutournié, L. Limousy, S. Bennici, and N. Perea, ‘Recovery of Low-Grade Heat (Heat Waste) from a Cogeneration Unit 
for Woodchips Drying: Energy and Economic Analyses’, Energies, vol. 12, no. 3, p. 501, Feb. 2019, doi: 10.3390/en12030501
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Sources of Waste Heat
Other industries
• Transport and machinery manufacture, textiles, mining, construction 

and wood processing, are assumed to be at temperatures less than 
200°C which tend to be used in space or district heating applications

Source: Shutterstock Source: Shutterstock
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Recovery of Waste Cold

• Main source of waste cold energy found in the literature is that released 
during the regasification of liquefied natural gas (LNG)

• This gas in liquid state is transported to consumer countries at a 
temperature of -160°C

• Regasification energy may be harnessed to produce electricity either by 
driving generators by the direct energy of gas expansion or by using 
ORC machines

• In 5th Gen District Heating networks cold water is pumped to customers 
for equipment of air conditioning. Absorption chillers and conventional 
Heat Pumps can be used to achieve the correct temperature with very 
high efficiency
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Recovery of Waste Cold

G. Harper, ‘Doing cold smarter’, University of Birmingham, 2015. Accessed: Mar. 29, 2021. [Online]. Available: 
https://www.birmingham.ac.uk/Documents/college-eps/energy/policy/Doing-Cold-Smarter-Report.pdf

S. Boesten, W. Ivens, S. C. Dekker, and H. Eijdems, ‘5th generation district heating and cooling systems as 
a solution for renewable urban thermal energy supply’, Adv. Geosci., vol. 49, pp. 129–136, Sep. 2019, doi: 
10.5194/adgeo-49-129-2019
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End use of recovered waste heat
Two possible ways to use WH: internal use or external use
• Internal: the industrial facility itself transforms and consumes the recovered energy. 

Whether it is in the form of heat or it is transformed into other forms such as 
refrigeration or electrical energy.

• Direct recovery to the original process or recovery with transfer to a second process is 
considered

• Direct recovery facilitates temporal synchronization production of waste heat and its 
reuse 

S. M. Gutiérrez Caballero, F. Morentin, L. Á. Bujedo Nieto, F. Peccianti, N. 
Purshouse, and C. Ferrando, ‘Report on end-users’ current status, practices 
and needs in waste H/C recovery and RES integration’, SO WHAT H2020 
Project, Deliverable 2.1, Jan. 2020. [Online]. Available: 
www.sowhatproject.eu.
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End use of recovered waste heat
Two possible ways to use WH: internal use or external use
• External: possibility of introducing intermediate actors (ESCOs) between heat 

producers and end users
• ESCO finances the installation of heat recovery systems in the factory and remunerates 

the heat producer for the recovered heat which is supplied to the heat utility or the 
owner of the heat network, which pays to the ESCO

S. M. Gutiérrez Caballero, F. Morentin, L. Á. Bujedo Nieto, F. Peccianti, N. Purshouse, and C. Ferrando, ‘Report on end-users’ current status, practices and needs in waste H/C recovery and RES integration’, SO WHAT H2020 Project, 
Deliverable 2.1, Jan. 2020. [Online]. Available: www.sowhatproject.eu.
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End use of recovered waste heat

The greatest challenge to implement a WHR scheme is finding the “end use” for
the recovered heat. Some of the questions that must always be asked before
considering the design of a WHR project could be the following:

• Where will you use the recovered heat?

• Is the heat sink close or far from the waste heat source?

• Is the heat sink appropriate for the heat source temperature?

• Will heat sink and heat source operate at the same time, all the time?

• Will its volume vary considerably, and often?
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