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Definitions and Nomenclature  

Collector loop: All necessary components to convert solar irradiance into heat and to transfer this heat 

via the collector fluid to the next heat transfer point. 

Direct solar heat integration: Solar heat integration without a heat exchanger (process medium or heat 

transfer fluid heated within solar thermal system).  

Heat transfer fluid (HTF): Medium delivering heat to the process (e.g., hot water, steam, thermal oil). 

The heat transfer medium might deliver the heat indirectly (via heat exchangers) or directly (e.g., direct 

steam injection). 

Indirect solar heat integration: Solar heat integration via heat exchanger. 

Industrial heat supply and distribution network: Complete thermal system of an industrial or 

commercial production site (including heat generation, heat transfer, heat storages, heat recovery, heat 

transfer to processes, etc.).  

Integration point: An integration point specifies a heating demand within an industrial or commercial 

plant that can be (partly) supplied by solar heat (e.g., heating of boiler make-up water; heating of a 

process medium). The term άpoinǘέ is used instead of unit operation or sink to highlight the fact that 

some sinks could be supplied by various heat exchangers and at different temperature levels. 

Integration return temperature: Return temperature from the integration point to the solar thermal 

system. The integration return temperature can be constant (e.g., when cold water from the grid is 

heated) or varying (e.g., at return flow boost of a heating network with varying thermal load). 

Integration flow temperature: Solar supply temperature to the integration point. Depending on the 

integration requirements, a maximum, minimum or set temperature level has to be provided and the 

solar thermal system concept has to be selected accordingly.  

Process flow temperature: Heat exchanger outlet temperature on process side. This temperature 

specifies the heat supply temperature to the process and may differ from the process temperature.  

Process return temperature: Heat exchanger inlet temperature on process side. This can be either a 

return flow from a process or fresh water from the tap.  

ɲ¢Υ Temperature lift in heat exchanger on process side. 

Process temperature: Temperature of the process medium during the process operation. The process 

temperature can change during processing (e.g., in gradual heating processes).  

System utilization ratio: Ratio between solar thermal energy transferred to the supported processes and 

the solar irradiance onto the collector aperture area. Typically, annual values are given and as a synonym 

ǎƻƳŜǘƛƳŜǎ ǘƘŜ ǘŜǊƳ άŀƴƴǳŀƭ ǎȅǎǘŜƳ ŜŦŦƛŎƛŜƴŎȅέ ƛǎ ǳǎŜŘΦ  
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Load profile: Daily, weekly, and annual heating power demand of an integration point over time. 

Mathematical integration of this load profile gives the annual heat demand of the integration point in 

kWh. 

Process: A process is a set of real activities (e.g. a sequence of unit operations) performed by people and 

machines that produce an outcome (a product or an intermediate product) (based on IPAPI, 2014).  

Process level: All operations done at the level of processing, including heat transfer to unit operations, in 

contrast ǘƻ άǎǳǇǇƭȅ ƭŜǾŜƭέ which includes generation and distribution of heat. 

Process integration: Systematic and general methods for designing integrated production systems, 

ranging from individual processes to total sites, with special emphasis on the efficient use of energy and 

reduction of environmental effects (Gunderson, 2000). 

Process intensification: tL ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǊŀŘƛŎŀƭƭȅ ƛƴƴƻǾŀǘƛǾŜ ǇǊƛƴŎƛǇƭŜǎ όάǇŀǊŀŘƛƎƳ ǎƘƛŦǘsέύ ƛƴ 

process and equipment design, which can bring significant benefits in terms of process and chain 

efficiency, capital and operating expenses, quality, wastes, process safety, etc. (Gorak and Stankiewicz, 

2012).  An all-ŜƳōǊŀŎƛƴƎ ŘŜŦƛƴƛǘƛƻƴ ƛǎΥ Ψ!ƴȅ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ƭŜŀŘǎ ǘƻ a substantially smaller, 

cleaner, safer, ŀƴŘ ƳƻǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǇǊƻŎŜǎǎ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴΩ (Stankiewicz and Moulijn, 

2004; Reay, 2008).  

Process medium: In some processes the product is heated via an intermediate process medium, which 

again is heated by a central heat transfer medium (e.g., cooking of meat in a hot water bath, which is 

heated via steam). 

Process optimization: An action or activity taken on a process that improves its efficiency in respect to 

the intended outcome of the process (IPAPI, 2014).  

Product: The processed material (feed, product, intermediate product) being treated in the process (e.g., 

distilled fluid in distillation; milk in cheese fermentation, etc.). 

Solar fraction: Share of the overall demand of the thermal loads connected to a solar heating system, 

which is supplied by solar heat.  

Solar heat: Thermal energy that has been generated by solar thermal collectors from the conversion of 

solar irradiance. 

Solar heating system: All components that are necessary for solar heat supply, including collector loop, 

storage, storage charging and discharging devices, as well as the integration heat exchanger.  

Solar heat integration: Supply of solar heat to a given integration point within a production line. The 

heat sink can be located at process level or supply level.  

Solar heat integration concept: A solar heat integration concept for a certain integration point depicts 

by which heat exchanger and hydraulic connection solar heat can be transferred to a process based on 

http://ipapi.org/wiki/index.php/Intended_outcome
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the existing heat supply technology (e.g., direct steam supply, hot water or air supply via external heat 

exchanger, hot water or air supply via internal heat exchanger, etc.). 

Solar process heat system concept (SHIP system concept): The SHIP system concept describe the whole 

technical concept of the solar thermal process heating system including the solar heat integration 

concept. Thus, they build upon the solar heat integration concepts and additionally include all 

components of the SHIP system. 

Supply level: All operations done for generation and distribution of heat. 

Unit operation: A unit operation is any part of a potentially multiple-step process which can be 

ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ŀ ǎƛƴƎƭŜ ŦǳƴŎǘƛƻƴ ό²ƛƪƛōƻƻƪǎΣ нлмпύΦ άAny chemical process, on whatever scale 

ŎƻƴŘǳŎǘŜŘΣ Ƴŀȅ ōŜ ǊŜǎƻƭǾŜŘ ƛƴǘƻ ŀ ŎƻƻǊŘƛƴŀǘŜ ǎŜǊƛŜǎ ƻŦ ǿƘŀǘ Ƴŀȅ ōŜ ǘŜǊƳŜŘ Ψǳƴƛǘ ƻǇŜǊŀǘƛƻƴǎΩΣ ŀǎ 

pulverizing, dyeing, roasting, crystallizing, filtering, evaporation, electrolyzing and so on. The number of 

these basic unit operations is not large and relatively few of them are involved in any particular process. 

The complexity of chemical engineering results from the variety of conditions as to temperature, 

pressure etc., under which the unit operations must be carried out in different processes, and from the 

limitations as to material of construction and design of apparatus imposed by the physical and chemical 

ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ǊŜŀŎǘƛƴƎ ǎǳōǎǘŀƴŎŜǎΦέ (Little, A. D., 1916). 

 

Abbreviations: 

BAT Best Available Technologies 

BREF Best Available Techniques Reference 

CC Composite Curve 

CHP Combined Heat and Power 

COP Coefficient of Performance 

CP Cleaner Production 

EE Eco Efficiency 

EE End Energy 

EL Extra Light 

GCC Grand Composite Curve 

HEX Heat Exchanger 

HR Hear Recovery 

HTF Heat Transfer Fluid 

LPG Liquefied Petroleum Gas 

NE Useful Energy  

ODEX Energy Efficiency Index 

ORC Organic Rankine Cycles 

PCM Phase Change Material 

PE Primary Energy 

PI Process Intensification 

RE Renewable Energy 

SEC Specific Energy Consumption 
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SHIP Solar Heating for Industrial Processes 

UHT Ultra High Temperature 

UO Unit Operation 
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1 How to Use this Guideline  
Bettina Muster 

When integrating solar heat into industrial or commercial processes, the aim is to identify the most 

technically and economically suitable integration point and the most suitable integration concept. Due to 

the complexity of heat supply and distribution in industry, where a large number of processes might 

require thermal energy, this task is usually not trivial. This document provides guidance for planners of 

solar thermal process heat systems (SHIP), energy consultants and process engineers. It describes a 

general procedure for the integration of solar heat into industrial processes, including the necessary 

steps to identify suitable integration points for SHIP and integration concepts.  Based on these concepts, 

SHIP system concepts are given. The document can be used as supporting material in solar process heat 

trainings of planners, energy managers and consultants, or as additional help for energy experts besides 

their own practical experiences. The scope of this document does not include a description of detailed 

planning steps of the solar thermal system itself. 

Integrating solar heat is possible at several points in the heat supply and distribution network of an 

industrial production site (see Figure 1-1). Chapter 2 therefore gives an overview on heat supply and 

distribution in industry starting with a short description of conventional heating equipment and 

distribution media. On the process level, basically the existing heat transfer concepts (e.g., type of heat 

exchanger and control strategies) are decisive on how solar heat can be integrated into the processes. 

Therefore, the basic existing heat transfer concepts in industry are explained. It is shown that the variety 

of different thermal processes re-occurring in industry can be classified based on the unit operation 

concepts, specifying suitable integration concepts and solar process heat system concepts (introduced 

and explained in later chapters) per unit operation. This has been and will further be realized in the 

online wiki-web ŘŀǘŀōŀǎŜ άMatrix of Indicatorsέ όŀǾŀƛƭŀōƭŜ ƻƴƭƛƴŜύ, which is an information portal (among 

others) for solar thermal integration. 

 

http://wiki.zero-emissions.at/
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Figure 1-1: Possible integration points for solar process heat (AEE INTEC, 2012) 

After summarizing some basics on heat supply and distribution networks in Chapter 2, Chapter 3 

ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ά!ǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǎƻƭŀǊ ǘƘŜǊƳŀƭ ƛƴǘŜƎǊŀǘƛƻƴ,έ ǿƘƛŎƘ was defined in IEA SHC 

Task 49. This methodology builds upon existing strategies (e.g., IEA SHC Task 33) and summarizes the 

most important steps for planning a solar process heating system. These steps include a pre-feasibility 

study (steps 1-2), company visit (step 3), analysis of status quo (step 4), energy efficiency considerations 

(step 5), and identification of integration points (step 6). And for planning a SHIP system, the analysis of 

the chosen suitable integration points (step 7) and solar integration concepts (for one or several 

integration points) are economically and energetically compared based on technical and economic 

considerations. At this point, a basic design of the solar thermal system(s) is necessary in order to 

evaluate an optimum cost/benefit - ratio, including the definition of an appropriate collector field size, 

the storage volume and the type of solar thermal collectors used. After the decision (step 8) is taken 

based on this comparative analysis, the detailed planning begins (step 9). As highlighted above, the scope 

of this document only includes the steps 1-7. Details on solar thermal system design will be given 

elsewhere (reference to IEA SHC Task 49 Handbook). 

Chapter 4 is dedicated to energy efficiency considerations in industry and shows how process integration 

can be used as a basis for identifying possible integration points (see Chapter 6) for solar thermal 

systems. 

In Chapter 5, concepts for SHIP integration are explained and classified into supply and process level. On 

supply level the classification is based on the existing heat transfer medium, whereas on process level 

the basis for classification is the heat transfer technology (type of heat exchanger etc.). The integration 

concepts show how solar heat can be integrated to the industrial supply network or process(es). 

http://task49.iea-shc.org/
http://task49.iea-shc.org/
http://www.ieatask33.org/
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Chapter 6 builds upon these concepts further showing how they can be extended to complete solar 

process heat system concepts. Hydraulic schemes with details on collector field and loop, buffer storage, 

as well as on the overall control strategy (e.g., charging and discharging strategies) are given. A selection 

matrix shows how suitable SHIP system concepts and integration concepts are interlinked.  

Chapter 7 discusses how suitable integration points can be identified and prioritized. This Chapter builds 

upon data acquired in the analysis of status quo and/or in the efficiency considerations (see Chapter 4) 

and on the possible solar integration concepts taken into account, as their specifications may influence 

the suitability of one integration point over another. 
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2 Thermal Processes and Heat Distribution Network s in Industry  
Bettina Muster, Bastian Schmitt, Hans Schnitzer 

Highlights 

¶ The layout of the existing processes and heat supply is pivotal for the solar thermal system 
design. 

¶ The existing heat supply in industry relies on a few common conversion technologies with steam 
and hot water networks for distribution. 

¶ The unit operation approach enables systematic overview of solar heat integration possibilities 
for thermal processes in industry. 

¶ Heat transfer equipment in industry can be classified by type of heat exchanger and heat pump. 

¶ Industrial relevant cold supply technologies are compression chillers and potentially absorption 
chillers. 

 

The aim of this chapter is to give an overview of the existing thermal processes, heat supplies, and 

distribution systems in industry. As solar thermal systems are typically integrated into existing industrial 

sites, the layout of the existing processes and heat supply is pivotal for the integration possibilities. The 

chapter first summarizes heat generation systems before showing a schematic of different processes by 

the concept of unit operations. Also, future trends in industrial processing are indicated.  

The various types of heat exchangers that exist in industry can be used to classify current heat supply 

strategies. Heat pumps give value to low temperature waste heat, which is widely available in industry. 

Finally a short overview on industrial cooling processes is given. 

2.1 Conventional Heat Generation  Systems in Industry  
The design of heat supply systems in industry is primarily influenced by the fuel being used and the heat 

transfer fluid (HTF) (e.g., thermal oil, superheated steam, saturated steam, pressurized hot water, air). 

While in some parts of the world coal is still the primary energy source, European and North American 

industries rely mainly on gas, LPG, and oil. Biomass is still used widely in countries such as India, where 

there is less access to oil and gas, and is increasingly becoming interesting for industrial countries as a 

renewable energy source. With the trend towards renewable energy integration, biogas also plays a role, 

specifically in industrial sectors with potential to produce biogas from their waste products and 

wastewater. Additionally, several thermal processes are heated electrically and cooling is mainly 

provided by electricity, with absorption cooling playing rather a minor role today, but increasingly being 

investigated. Finally, the growing number of district heat networks allows industries to directly heat their 

processes using externally produced heat. 

All the mentioned fuels require an energy conversion plant on-site to produce thermal energy, with 

direct electrically heated processes and processes supplied via district heating being the only exceptions. 

In Table 2-1 typical conversion technologies for the most common HTF in use are shown. Obviously, 

boilers differ substantially in their design depending on the fuel being used (e.g., a gas boiler differs 
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largely from a solid fuel (coal/biomass) boiler). Important parameters of the different boiler types are in 

their start-up and shutdown times as well as the time needed to adjust the heating power supply to 

demand variations in different configurations. Boilers for solid fuels require much longer times for 

starting and shutting down, therefore their reaction time to load changes is much longer. This leads to 

heat storages often being employed in such systems. Liquid fuel boilers and burners on the other hand 

can react quickly to load changes and can be controlled easily within a large range of load variations. 

Table 2-1: Thermal energy conversion technologies  

Conversion 

Technology 
Fuel Heat Transfer Fluid 

Boiler 
Gas, LPG, oil, coal, biomass, biogas (also in 
combination with natural gas) 

Steam, hot water, 
thermal oil 

Cogeneration 
systems 

Gas, LPG, oil, coal, biomass, biogas (also in 
combination with natural gas) 

Steam, hot water, 
thermal oil 

Burner 
Gas, LPG, oil, coal, biomass, biogas (also in 
combination with natural gas) 

Hot air 

Heat pump Electricity 
Hot water, hot air, 
thermal oil 

 

The choice of the conversion equipment is based on the choice of the heat distribution medium. In most 

industries the distribution medium is steam or (pressurized) hot water, therefore mainly boilers or 

cogeneration systems (typically in larger plants for efficient production of electricity and heat) are in use. 

Steam boilers are in several aspects more complex than hot water boilers, as the steam-condensate cycle 

requires more care and handling steps than hot water systems (water treatment, condensate recovery, 

and degasification). Large plants require specifically trained personnel. In particular, open condensate 

systems may lead to water losses and significant energy losses if not handled with care. However, many 

plant operators choose steam, as it is advantageous for its high energy density, enabling small 

distribution tube diameters and high heat transfer rates, ensuring a constant temperature due to 

condensation. Additionally, steam systems are often the traditional way of heat supply. Hot water 

systems are easy to operate and maintain, but do require large distribution pipe diameters and heat 

transfer areas (in comparison to steam). When temperatures above 100 °C are required, water systems 

also require pressurization. Thermal oil or silicon oil are other alternatives that can be operated at lower 

pressures than water for a given temperature, as their evaporation temperatures can be up to 300 °C, 

but comes lower specific heat capacities and higher costs. Silicone oil is often used in cogeneration 

systems, such as Organic Rankine Cycles operated between 200 to 300 °C.  Finally, air can be used as a 

HTF; however, due to its comparably low heat capacity per volume, hot air is usually not used exclusively 

as a heat distribution medium, but rather heated locally at the processes requiring hot air (such as 

drying). In plants where the only significant heat demand is for convective drying (e.g., tea factories, 

malting plants) a hot air burner might be the main heat supply device. 
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Figure 2-1: Schemes of conversion technologies with basic components 

Thermal storages are a crucial aspect in many industrial heating systems. Basically, we can differentiate 

between storages being integrated in the energy distribution and supply system, and storages that are 

integrated on the process level, where process media are stored (see Figure 1-1). Within the supply and 

distribution systems, the main aspect of thermal energy storages is to keep the boiler/burner load at a 

rather constant level. Therefore storages are placed primarily in systems with slow reacting energy 

supply systems, such as biomass or coal boilers. Typically, hot water storages (pressurized or non-

pressurized) are used, with steam storages being the exception. This stems from the fact that most 

steam boilers in industrialized countries are operated by natural gas, LPG, or oil, and load changes can 

easily be matched by these types of boilers. In steam systems operated with coal boilers, the storages 

are used more commonly to level off fluctuating demands. New storage concepts, such as latent and 

thermo-chemical heat storage, currently play an insignificant role in the existing heat systems in 

industry, but do have potential for some specific applications.  

It is possible to integrate solar heat in all types of supply and distribution networks mentioned above. 

However, for each type of network only specific integration concepts and solar thermal system designs 

are possible (see Chapters 5 and 6).  
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2.2 Frequent Thermal Unit O perations  
In industry, a broad range of processes exist. However, they are made up of a relatively few single 

process steps that repeat themselves. In order to classify these different steps, the concept of unit 

operations, introduced already in 1905 by Arthur D. Little, has been established. The basic idea of the 

concept is to classify operation steps ǿƛǘƘ ǎƛƳƛƭŀǊ ǇƘȅǎƛŎŀƭ ƭŀǿǎ ƛƴǘƻ ƻƴŜ άǳƴƛǘ ƻǇŜǊŀǘƛƻƴέ όtǊŀƪŀǎƘŀƴΣ 

2009). There are classes of unit operations, such as heat transfer, mass transfer, fluid flow, and 

mechanical operations based on the basic operating principle (Prakashan, 2009). In heat transfer 

operations, the basic principle is transferring heat (based on a temperature gradient), while mass 

transfer operations rely on the mechanisms of molecular diffusion. For describing processes in industry 

with thermal energy demand, mainly heat transfer operations (e.g., heating, cooling, evaporation, 

drying, or distillation) and mass transfer operations (e.g., extraction, absorption, distillation, drying, or 

crystallization), are relevant classes of unit operations (Prakashan, 2009). Obviously some operations, 

such as distillation or drying, fall into both classes. As there is not always a clear distinction into which 

category one operation falls, the categorization of unit operations used by different authors is not always 

completely consistent. 

Most importantly, for integrating solar heat in industry, the concept can be used as a good overview of 

the list of unit operations in different industry sectors showing their implementation possibilities for 

solar heat. The wiki-web άaŀǘǊƛȄ ƻŦ LƴŘƛŎŀǘƻǊǎέ, hosted by the Technical University of Graz, is a database 

of unit operations in industry that has been established as an information source on solar process heat 

within IEA SHC Task 33 (http:// wiki.zero-emissions.at). The database provides a general description of 

each unit operation and shows possible solar integration schemes1. Furthermore, a sub-matrix exists for 

each industry sector that shows more details on the processes. By clicking on a process icon, 

information, such as temperature and energy demand, and a typical process layout can be found. In 

addition, energy efficiency measures and alternatives to conventional technologies are described and 

case studies on solar thermal integration are included. 

                                                           
1
 It is foreseen to integrate the newly elaborated solar integration schemes (see Chapters 5 and 6 of this guideline) 

into the Matrix. However, this will only happen step by step in the future, and dependent on financing possibilities 
(e.g. for the food industry, the Matrix will be extended within the project Greenfoods). 
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Figure 2-2Υ aŀƛƴ ǇŀƎŜ ƻŦ ǘƘŜ α9ŦŦƛŎƛŜƴŎȅ CƛƴŘŜǊά (http://wiki.zero -emissions.at) 

 

To evaluate the potential for solar thermal energy, a basic knowledge on energy demand and required 

temperatures of the processes is crucial. Therefore, there has been a focus on compiling typical heat 

demand and temperature ranges for the most important processes in different industry sectors. Within 

the project Solarfoods (www.solarfoods.at), for example, specific data on primary energy demand and 

temperature levels in the food industry were compiled for all processes of each subsector in the food 

industry with relevant thermal energy demand. Such information tables (see Figure 2-3 and Fehler! 

Verweisquelle konnte nicht gefunden werden. for dairy examples) are helpful for giving an overview on 

how much energy is required at what temperature level, which is also basic information required for 

solar thermal system design (see Chapter 6). In the future, this type of information table for a certain 

subsector will be included in the wiki-ǿŜō άaŀǘǊƛȄ ƻŦ LƴŘƛŎŀǘƻǊǎέ ǿƘŜƴ the data is available. Such general 

information on one subsector can be found in the matrix by clicking on the INFO button of the respective 

subsector. 

http://www.solarfoods.at/
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Two bars signify that depending on the technology the process may run at two different temperature levels  
a) initial data in NE, conversion factor NE to EE: 80 % boiler efficiency and EE to PE: PE-factor for natural gas and heating oil  EL = 1,17 (Theissing, 
2010) 

b) ini tial data in EE, conversion factor EE to PE: PE-factor for natural gas and heating oil  EL = 1,17 (Theissing, 2010) 
c) data from Dutch Dairy Statistics (http://www.prodzuivel.nl/): data in specific energy consumption (SEC) of fuel and heat ï estimation of EE 

[1] Karagiorgas, M. & Botzios-Valaskakis, A., Solar systems applications in the dairy industry, Center for Renewable Energy Sources (CRES), Greece. 
[2] Hogaas, E., 2002, cited in: Ramirez et al., 2006  
[3] Bayerisches Landesamt für Umweltschutz, 2000, Minderung öko- und klimaschädigender Abgase aus industriellen Anlagen durch rationelle 

Energienutzung ï Milchverarbeitender Betrieb. 
[4] Ramirez, C.A., Patel, M. & Blok, K., 2006a, From fluid milk to milk powder: Energy use and energy efficiency in the European dairy industry, Energy 

31, 1984-2004. 
[5] Goff, D., 2011, Dairy Science and Technology Education, University of Guelph, Canada, [www.foodsci.uoguelph.ca/dairyedu/home.html], last 
accessed 11.05.2011. 

[6] European Commission, 2006, Reference Document on Best Available Techniques in the Food, Drink and Milk Industries.  
[7] Arcadis IMD, 2002a, cited in:  [11] Xu & Flapper, 200 9. 

[8] Natural Resources Canada (NRCAN), 2001 cited in: [11] Xu & Flapper, 2009. 
[9] Arcadis IMD, 2002b cited in: [14] Ramirez et al. , 2006a. 
[10] Ramirez, C.A., Blok, K., Neelis, M. & Patel, M., 2006b, Adding apples and oranges: The monitoring of energy efficiency in the Dutch food industry, 

Energy Policy 34, 1720-1735. 
[11] Hvid, J., 1992, cited in: Ramirez et al., 2006a. 

[12] National Dairy Council of Canada, 2001 cited in: Ramirez et al., 2006a. 
[11] Xu, T. & Flapper, J., 2009, Energy use and implications for efficiency strategies in global fluid-milk processing industry, Energy Policy 37, 5334-

5341 

Figure 2-3: Temperature levels of unit operations and primary energy demand of unit operations in the milk processing 
industry (Brunner et al., 2012) 
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2.3 Future T rends in Process Design and Effects on Solar Process Heating  

The industrial process layout is the key for designing an efficient energy supply, whether a boiler will 

cover the demand or whether a solar process heat plant will be integrated into the energy supply. 

Although some industry sectors tend to maintain old practices and are reluctant to change, there are 

steady and on-going developments in the processing industries towards more efficient processes with 

high quality products. A large number of optimization approaches and new technological developments 

can be sǳƳƳŀǊƛȊŜŘ ōȅ ǘƘŜ ǳƳōǊŜƭƭŀ ǘŜǊƳ άtǊƻŎŜǎǎ LƴǘŜƴǎƛŦƛŎŀǘƛƻƴέΦ 

In process engineering, research on άƛƴǘŜƴǎƛŦȅƛƴƎέ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ǘǊŜƳŜƴŘƻǳǎƭȅ ƛƴ ǘƘŜ 

past years, mainly in the chemical and pharmaceutical industries, but in other sectors as well. Various 

studies demonstrate the potential for new process system designs achieving higher process efficiencies. 

These new process technologies will often require different energy supplies compared to the 

conventional technologies in use. It is therefore important to keep in mind which intensification 

strategies might have an effect on the possibilities to integrate solar thermal heat. In the following, 

several strategies that might affect energy supply possibilities are mentioned. In the long run, it is the 

aim to integrate examples of new technological solutions for different processes more specifically in the 

wiki-ǿŜō άaŀǘǊƛȄ ƻŦ LƴŘƛŎŀǘƻǊǎέΦ 

Process Intensification ususally aims at higher productivity with smaller equipment (such as compact 

heat exchangers or micro reactors). The target is to increase product yield at constant raw material input 

and decreasing by-products, while maintaining or decreasing energy input. This is in many cases 

achieved by an increase in mass and/or heat transfer. This might be realised by several means, e.g. by 

making use of the synergistic effect of reaction and separation (e.g. membrane processes) and by 

combinations of unit operations. Further examples can be found at www.pinetwork.org or specific 

literature (Reay et al, 2013).  

Mass and heat transfer phenomena are often interdependent: in processes limited by heat transfer, 

mass transfer can be enhanced once the heat transfer limitation is overcome. Vice versa, processes may 

run at lower temperatures when a physical change of the process design increases mass transfer rates 

(e.g. change from evaporation to a membrane based process). This might allow one to integrate a 

different energy supply. Obviously, all these intensification strategies that influence heat transfer rates 

and/or change the heat supply of the processes, might affect the solar process heat potential. Another 

important aspect for designing new energy supply systems is the variability of process energy demand. 

This can be again linked with mass and heat transfer rates, as the change from a batch reactor to a 

continuous reactors leads in many cases to mass and heat transfer improvements. The change from 

batch to continuous processes is an important intensification strategy for solar thermal integration 

(Muster and Brunner, 2015). Due to the elimination of peaks in heating/cooling demand a change 

towards continuous process heat demand has a large effect on energy supply and its design. Heat 

storages are common in industry to overcome time variations in heat supply and heat demand, be it for 

heat recovery systems or for efficient integration of energy supply technologies. Also in many cases the 

solar process heat system design will include heat storages. This is, in itself, an opportunity to intensify 

heat stores via, for example, enhanced heat transfer surfaces. 
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Intensification strategies that will affect the potential for solar thermal integration are obviously those 

that overcome heat transfer limitations. In general, there are several strategies to either increase the 

heat transfer rate or to overcome heat transfer limitations (Muster and Brunner, 2015): 

¶ Increase of heat transfer area (e.g. compact heat exchangers), 

¶ Increase of heat transfer coefficient (e.g. reactors with new flow regimes, such as spinning discs 

- and while this needs an electrical energy input, this could be potentially generated by solar 

photovoltaics), 

¶ Lower the process temperatures by optimized process system design and/or by changing 

feedstock formulations, or 

¶ Switch to an energy supply without thermal gradients (e.g. microwave heating - again needing 

an additional electrical energy input). 

These can usually, at least to some extent, be integrated into an existing plant. Retrofit changes are 

naturally limited by the availability of space and/or the existing infrastructure (e.g., control system, etc.). 

A change in technology will of course increase possibilities for enhancements to a high extent. 

Such a change in technology is necessary when changing the physical process phenomenon. Changes 

that affect the integration of energy supply possibilities, such as solar heat, include (Muster and Brunner, 

2015):  

¶ Increased selectivity of separation processes (e.g. change from atmospheric evaporation to 

membrane assisted processes) 

¶ Electromagnetic action on molecules and microorganisms (e.g. change from thermal inactivation 

of microorganisms to non-thermal techniques, such as microwave or pulsed electric field) 

¶ Enhanced thermal storage (and its control) to meet the demands of compact and responsive 

stores able to match continuous process demands. 

Within IEA SHC Task 49, an expert meeting of process engineers and solar engineers was conducted to 

discuss the possible effects of new trends in processing on future energy supply. The experts expect, 

based on the discussions that energy supply will change by the impact of new developments (PI) to the 

processing industries. These effects will be visible on three levels: the unit operation level, the plant 

level, and the region level through new general processing approaches. While there will be a shift from 

thermal processes to (at least partly) electrically driven processes on the unit operation level, heat 

supply will remain an important aspect and there will be a trend to lower processing temperatures 

brought about by continuous processing and new catalysts, enzymes or alternative chemical reaction 

pathways. On the plant level, plant intensification should lead to integrated production sites in which 

thermal energy is (re-) used at its best and energy conversion losses are minimized. It will be an ongoing 

challenge to realize production sites in which intensification is achieved in such way that process 

efficiencies are at maximum while the overall plant energy requirement reaches a minimum. The major 

impact besides a changing energy requirement of unit operations and on plant level is, however, the 

general approach in processing, whether bulk processing will remain the way to go or whether there is a 

trend towards distributed small-scale processing. This would enable more flexibility and faster reactions 

to energy supply variations.  
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For solar process heat, a few specific trends can be indicated: 

¶ Flexible small scale processing can increase the solar yield for heating industrial processes, when 

the process regulation can follow the availability of solar heat. Additionally there is a huge 

potential to access the available heat in summer and if necessary store it for the winter with new 

storage concepts. 

¶ Most new energy conversion technologies require a drying step for which solar drying 

technologies would contribute to the increase of efficiency of the overall conversion process. 

(This competes with vapor recompression systems; however this heat might be used for other 

processes at higher temperature levels.) 

¶ The further implementation of advanced heat recovery systems (covering a large share of low 

temperature heat demand in industry) will increase the demand for solar process heat in the 

higher temperature range, thus proving the importance for research in collector technology for a 

temperature range of 100 to 250 °C.  

¶ The shift to electrically driven processes however will eliminate current waste heat streams. 

Studies on the holistic picture of plant intensification and energy supply will be important to 

realize sustainable processing sites in the future. 
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2.4 Heat Supply of Processes 
The different thermal processes in industry are conventionally heated using a few basic heating 

strategies. Conventional heat delivery to industrial processes using internal or external heat exchangers 

as well as direct steam injection are especially important for the substitution of fossil fuels for solar 

thermal energy. Besides these technologies, evaporators and dryers are of high relevance. These 

installations can be found in almost every industry sector.  

2.4.1 Heat exchanger types in industry  

Below is some general information on the different types of heat exchangers. The aim of this section is 

not to provide detailed information on heat exchanger (HEX) types, but rather to show how heat 

exchangers can be classified. This classification is later used in Chapter 5. For more information on heat 

exchanger types and details refer to the specific literature on this subject, such as (VDI, 2013; Holman, 

2002). Basically, we can distinguish between external heat exchangers placed outside a process 

bath/vessel/machinery or internal heat exchangers placed inside a process bath/vessel/machinery. 

Different types of external heat exchangers are used to heat industrial processes. A suitable HEX type is 

chosen according to the applied temperature and pressure, phase change, available space, or specific 

properties of the heated media such as viscosity and corrosiveness (VDI GVC, 2006). According to (Shah 

et al., 2003), the most important types are tubular-, compact-, and extended surface HEX. 

Tubular HEX is the most common type of heat exchangers in industry and cover tube bundle- and double 

pipe HEX. Tubular HEX is made of a closed tubular jacket that encloses a bundle of tubes. This creates a 

shell space that is encircled by a medium. The other medium flows through the tube bundle, which 

consists of plain or ribbed tubes (Vauck and Müller, 1988).  

Compact HEX cover plate- and spiral HEX are suitable for media with different viscosity. The most 

common compact HEX type is the plate heat exchanger. Within the food industry, sealed plate heat 

exchangers are often used. The plates typically have strong profiles and are held together by clamping 

screws and frames. Spiral HEX consists of two equal-width steel strips that are spirally wound at an equal 

distance to an axis. The resulting channels are closed at both ends by removable covers with gaskets. 

These HEX types are mainly used for liquid-liquid applications, condensation, or gas cooling (Shah et al., 

2003; VDI GVC, 2006). 

For applications where one of the media has a much lower heat capacity (e.g., water-air), extended 

surface heat exchangers are used. The extension of the HEX surface is realized by lamella or fins.  

Some examples of external heat exchangers are shown in Figure 2-4. These examples show that an 

external HEX can be part of a unit operation or the unit operation itself. Based on the specific 

application, the heat exchanger is used to heat a product or process medium.  
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Figure 2-4: Examples of processes that are heated by external heat exchangers. Left: Pasteurization of yogurt with steam 

heated scraped surface heat exchangers. Centre: Tunnel pasteurizer heated by external tube bundle. Right: Pasteurization of 
fruit juice via double pipe HEX (Schmitt, 2014). 

Besides external heat exchangers, machines, tanks, or baths can be supplied with thermal energy by 

internal heat exchangers. The most important types of internal HEX are heating jackets, heating coils, 

and tube bundles. Also plate coil HEX and electric heating elements are used. An example of some of 

these internal HEX types is shown in Figure 2-5. 

 

Figure 2-5: Process heating via internal heat exchangers. Left: Cheese production ς a vessel with heating jacket is heated via 
steam. Centre: Heating of degreasing bath via internal tube bundle without shell. Right: hot water supply with internal 

heating coil that is heated indirectly via steam by an intermediate hot water circuit (Schmitt, 2014). 
 

Heating jackets can be found in different variations such as full jackets, welded half pipes or profiles and 

so called dimple jackets. The utilization of full jackets is limited to a pressure of the heat transfer medium 

up to 6 bar and vessel sizes up to 10 m³. For larger volumes or higher pressures, welded coils, profiles, or 

half pipes are used (Sinnott et al., 2005; Vauck und Müller, 1988). 

Steam

Condensate

Yogurt

Cooling
Hot water flow

Hot water return

Juice

Water 

cycle

Steam
Condensate

Steam

Condensate

Milk

Metal 

parts

Hot water Fresh water

Hot water
Cheese

whey

Steam

Condensate



IEA SHC Task 49 Solar Process Heat for Production and Advanced Applications Deliverable B2 

SolarPaces Annex IV December 2014 

 

22 

Heating coils are the most simple and cheapest heat exchanger types. A tube is helically wound around a 

cylinder and fitted with ports for inlet and outlet of the heating medium. Although the capacity of 

heating coils can be affected by pitch and diameter of the tube, the specific heat transfer rate is rather 

low due to the low flow rate on the outside of the tube (VDI GVC, 2006). 

Although so-called panel- or plate coils are classified as compact heat exchangers by Shah et al. (2003), 

their main field of application corresponds rather to internal heat exchangers. Their construction equals 

roll bond absorbers. They are often used as an internal heating element or heating jacket to heat vessels 

or baths. Based on the material used, operating pressures of 7 to 18 bar are possible. Due to the simple 

production process, this heat exchanger type is very cheap (Shah et al., 2003). 

In principle, electric heating elements are able to provide very high temperatures. However, they are 

also used to provide lower temperature ranges because of procedural reasons. So-called rod-type or 

pipe heating elements can be placed in fluids to heat them (Vauck und Müller, 1988; Wagner, 2005).  

2.4.2 Direct heating systems  

There are two important types of direct heating systems: direct combustion and steam injection. Using 

direct combustion systems, the firing flame room and flue gas pipes of an oil or gas burner are directly 

disposed in the facility to be heated (e.g. water bath for cleaning) and transfer the heat to the product or 

process medium.  

Direct steam injection can be used to heat baths, tanks, and fluid streams or to provide an air-steam 

atmosphere. The direct heating of baths or vessels via steam can be realized by steam injection at the 

bottom of the vessel/bath using perforated tubes and coils or nozzles. By using nozzles, the product or 

process medium within the vessel/bath is sucked in, mixed with steam, and returned into the 

vessel/bath. Based on the specific properties of the heated product or process medium, the injected 

steam has to meet high standards (Vauck et al., 1988). Two examples are shown in Figure 2-6. 

 

Figure 2-6: Process heating with direct steam injection. Left: Ultra high temperature sterilization of milk via direct 
steam injection and flash evaporation. Right: Belt blancher for vegetables heated by direct steam injection (Schmitt, 

2014). 
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2.4.3 Evaporators and dryers  

Evaporators and dryers can be equipped with internal or external heat exchangers and can be 

categorized within their own group. Since they are often heated using special heating mechanisms, they 

can be considered separate and not based on the placement of heat exchanger. Again, here is only some 

basic information necessary for the classification used in Chapter 5.  For more details refer to the specific 

literature on this subject, such as Mujumdar A.S., 2006. 

Evaporator types can be classified according to the evaporation mechanism. Important evaporator types 

are kettle reboilers, natural and forced circulation evaporators, and climbing and falling-film evaporators. 

Mainly, continuous steam heated evaporators are used, which are often designed as multiple effect 

evaporation systems (Goedecke, 2006). 

For drying, a multitude of different dryer types are used within industry that can differ significantly in 

construction and mode of operation. Dryers are classified into convective-, contact-, radiation-, 

dielectric-, and freeze dryers. Out of these types, convective- and contact dryers can be supplied with 

solar thermal energy. Convective dryers mostly use air that is heated to dry products. Contact dryers use 

heated surfaces that are in direct contact with the product. These surfaces such as cylinders, plates or 

screws, are mainly heated by steam. 

2.4.4 Heat pump concepts in industry  

Heat pumps are an interesting concept for heat supply in industry, as they can supply heat to industrial 

processes (based on available waste heat), supply cold to processes and can be integrated with solar 

thermal systems (refer to IEA SHC Task 44, http://task44.iea-shc.org/). As heat pump concepts in 

industry might be specifically realized for certain unit operations, an overview of different heat pump 

types is given below. 

IŜŀǘ ǇǳƳǇǎ ŀǊŜ ŘŜǾƛŎŜǎ ǘƘŀǘ ŀǊŜ ŀōƭŜ ǘƻ ōǊƛƴƎ ƘŜŀǘ ǎǘǊŜŀƳǎ ŦǊƻƳ ŀ άƘŜŀǘ ǎƻǳǊŎŜέ ǘƻ ǘƘŜ άƘŜŀǘ ǎƛƴƪέ ŀǘ ŀ 

higher temperature level through the input of high quality energy. They are designed to move energy 

opposite the direction of spontaneous heat flow from a cold space to a warmer one.  

 

Figure 2-7: Transformation of anergy to useful energy via heat pumps 

Thermodynamically speaking, they take the anergy όάƴƻƴ-ǳǎŜŦǳƭέ ŜƴŜǊƎȅ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ 

usefule work) ŦǊƻƳ ǘƘŜ άƘŜŀǘ ǎƻǳǊŎŜέ ŀƴŘ ǘƘŜ exergy from a compressor to generate a heat stream at a 

useful temperature level at the heat sink. In general, heat pumps use a medium in a closed cycle that 

http://task44.iea-shc.org/
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undergoes a phase change at two different pressures. The evaporation takes place at a low pressure and 

low temperatures. Through the compression of the evaporated fluid, the condensation temperature is 

raised and the condensation of the fluid will take place at a higher temperature. Different heat pumps 

use different technologies for the compression.  

¢ƘŜ ƳŀȄƛƳǳƳ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǎǳŎƘ ŀ ƘŜŀǘ ǇǳƳǇ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ ά/ŀǊƴƻǘ [ŀǿέ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘure 

levels. The efficiency is expressed by the Coefficient of Performance COP. The theoretical limit is the 

Carnot COP: 

ὅὕὖ
Ὕ

ЎὝ
 

 

with T [K] as the heat sink temperature and ɲ¢ ώYϐ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ƘŜŀǘ ǎƛƴƪ ŀƴŘ 

heat source. Practical heat pumps reach about 50 ς 60 % of the theoretical value.  

2.4.4.1 Vapor compression heat pumps 

In vapor compression heat pumps a mechanical compressor performs the compression. The drive for the 

compressor is in general an electrical motor, but might be a combustion engine or a steam turbine as 

well.  

N

QN

Q0
evaporator

compressor

 

Figure 2-8: Closed cycle vapor compression heat pump 

The amount of the usŜŦǳƭ ƘŜŀǘ ƛǎ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎȅǎǘŜƳΩǎ /ht ŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ 

consumed by the compressor:  ὗ ὔϽὅὕὖ.  

2.4.4.2 Absorption heat pumps  

In absorption heat pumps, the compression of the fluid occurs differently.  The evaporated working fluid 

ƛǎ ŀōǎƻǊōŜŘ ōȅ ŀ ƭƛǉǳƛŘ όŎŀƭƭŜŘ άƭŜŀƴ ǎƻƭǳǘƛƻƴέύΣ ǊŜƭŜŀǎƛƴƎ ǘƘŜ ƘŜŀǘ ƻŦ ŀōǎƻǊǇǘƛƻƴ όŀōƻǳǘ Ŝǉǳŀƭ to the heat 

of ŎƻƴŘŜƴǎŀǘƛƻƴύΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ άǎǘǊƻƴƎ ǎƻƭǳǘƛƻƴέ ƛǎ ǇǳƳǇŜŘ ǘƻ ŀ ƘƛƎƘŜǊ ǇǊŜǎǎǳǊŜ ƛƴǘƻ ǘƘŜ ƎŜƴŜǊŀǘƻǊΦ 

Here the working fluid is desorbed by high temperature heat, producing the vapor that goes to the 

ŎƻƴŘŜƴǎŜǊ ƻƴ ƻƴŜ ƘŀƴŘΣ ŀƴŘ ǘƘŜ άƭŜŀƴ ǎƻƭǳǘƛƻƴέ ǘƘŀǘ ƎƻŜǎ ōŀŎƪ ǘƻ ǘƘŜ ŜǾŀǇƻǊŀǘƻǊ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΦ ¢ƘŜ 

driving power no is no longer a mechanical device, but the heat supplied to the generator. The power 

consumption of the pumps is comparatively small. The absorption heat pumps therefor have four heat 

flows: one into the system at the low temperature of the heat source, one into at the high temperature 
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of the generator, and two heat flows out from the absorber and the condenser at the temperature level 

of the heat sink. 
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Figure 2-9: Closed cycle absorption heat pump  

2.4.4.3 Open cycle heat pumps 

In some industrial applications, a process medium can be used as the working fluid. A good example is 

the evaporation process where the vapor from the evaporator is used as a working fluid. The vapor is 

compressed in order to increase the condensation temperature and then can be used as a heating 

medium in the same process.  

feed

condensate
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product
 

Figure 2-10: Vapor recompression heat pump (open cycle compression heat pump) 

2.4.4.4 Heat pump working as dehumidifier  

There is another possibility to use heat pumps in drying processes, by being mounted and used as a 

dehumidifier. 
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Figure 2-11: Heat pump working as dehumidifier (Source: Moser F., Schnitzer H.: Heat pumps in industry. Elsevier, 1985) 

In this case, the drying medium (air in general) is cooled down in the evaporator of the heat pump below 

the dew point. The medium will release the humidity as liquid condensate, which is taken out of the 

dryer. The now dry air is reheated in the condenser and blown back to the dryer. Since the temperature 

difference between evaporator and condenser can be very small, the COP of such a system will be quite 

high.  

2.4.5 Thermal storages in industry  

To store thermal energy for processing requirements, hot water storages are by far the dominating 

technology. These hot water storages may be suitable for the integration of solar heat. Different 

configurations of these storages exist.  

On the one hand, there are storages with a variable or fixed volume that are charged and discharged 

with hot water. In these open storages, charging does not occur only using thermal energy, but also with 

hot water as a medium to be filled or withdrawn. In most of these storages, the storage level varies 

according to the filling and emptying behavior. They are usually equipped with sensors for minimum 

storage level and an overflow. Since the charging and discharging of theses storages can happen in a 

relatively short time with high flow rates these storages might not be stratified compared to dedicated 

solar heat buffer stores.  

On the other hand, there are closed buffer storages that are energetically charged and discharged. 

Usually these storages are heated using internal or external heat exchangers. Such storages can be 

connected to several processes or energy supply units for charging and discharging. They are usually 

better stratified than open storages, and in principle, solar heat can be well integrated next to the 

existing charging and discharging ports.  

A multitude of both storage types (open and closed storages) can be connected in series or parallel to 

cover the demand of the company.  
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Another common storage type within industry is the hot water cascade. This type is used to provide hot 

water through the direct utilization of steam. A hot water cascade is usually a vertical store that is fed 

with the hot water return in the upper part. The return trickles over perforated plates and is heated by 

the steam in counter flow. In the lower part of the cascade, the hot water flow is withdrawn. 

2.5 Cold Supply of Processes 
Cooling is decisive in many industrial processes. In the chemical and steel industries, cold is required to 

cool products and equipment of exothermal processes, while in the food industry refrigeration is 

required to ensure food quality. Table 2-2 lists examples of industrial processes with selected parameters 

and cold demand. 

In industry, cold is supplied to the processes either directly, in the case of the refrigerant that is 

transported and evaporates at the process, or through an intermediate cooling medium, such as glycol-

water mixture, that is cooled in the evaporator and delivers cold to the processes using a heat 

exchanger. Both systems have their merits and drawbacks: while direct cooling reduces the losses of 

heat exchange, the transport of the refrigerant requires sensible operation, as small variations in 

refrigerant temperature affect the efficiency of cooling plants substantially. Basically, the equipment for 

cold supply, evaporators or heat exchangers, is in analogy to the equipment used for heat supply. 

The most common type of cooling machines in industry is the electrically driven compression chiller. For 

solar to supply process cold, another type of chiller mainly referred to as an absorption chiller, is most 

relevant. In absorption chillers, the electrical compressor is replaced by a thermal compressor: the 

refrigerant is absorbed by a liquid solvent and pumped to higher pressure with only minimal power 

input, since the fluid is incompressible. At a high pressure level, the refrigerant is desorbed from the 

solvent, which requires thermal energy for the endothermic desorption process. Energy demand is thus 

shifted from electricity demand to heat demand. An important complementary component to 

absorption cooling machines is the heat rejection system for the absorber and the condenser. Based on 

its thermodynamics, the heat to be rejected in absorption cooling is much higher in comparison to 

mechanical compression chillers and the efficiency of cooling machines are significantly influenced by 

the efficiency of their heat rejection system. For further details refer to specific literature (e.g., 

Kohlenbach et al., 2013). 

For industrial cold supply absorption, cooling is most economical when waste heat is available so that the 

heat generation does not incur costs. For plant retrofitting, the design of heat rejection systems is a 

challenge as the existing rejection systems from the compression chillers will usually not be sufficient. 

These challenges (low cost heat and low cost heat rejection) already indicate that in countries with 

moderate climate solar supplied absorption cooling faces an economic challenge. One promising way for 

absorption cooling is to integrate the heat demand for cooling into the thermal heat system of the 

company. In that way, waste heat, solar heat and possibly heat from cogeneration plants can act 

synergistically to supply the thermal system (e.g., heat loops or storages) and different processes, 

absorption cooling being one of them. 
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An important aspect for the supply of industrial cold demand with absorption cooling is the availability of 

such systems on the market. Currently, there is a lack of machines on the market for the medium power 

range (from 50 to 500 kW). 

In this guideline, the heat required by an absorption heat pump for cooling is seen as a heat sink 

(comparable to any other process with heat demand) so the concepts presented in the next chapters can 

be adopted. Dedicated material on solar cooling is available from other IEA SHC Tasks. A comprehensive 

textbook was recently published (Henning et al., 2013). 
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Table 2-2: List of selected cooling processes in industry (AEE INTEC, 2012) 

Unit operation Load profile 

  
Typical demand range and variability Temperature profile and typical cooling system 

Brewery         

fermentation 1 MW 
batch with variable load; 
continuous via parallel 
processing 

4 - 13°C direct evaporation or indirect cooling 

yeast tanks 30 kW batch with variable load 6°C indirect cooling 

storage cooling 1 MW 
continuous with variable 
load 

0/-1°C direct evaporation or indirect cooling 

Dairy         

milk pasteurization 100 kW continuous 6°C   

product cooling (whey) 500 kW continuous 45 - 8°C river cooling or indirect cooling; partly heat recovery  

product cooling (whey 
concentrate) 

100 kW continuous 50 - 20°C river cooling or indirect cooling; partly heat recovery  

product cooling (cream) 200 kW continuous 50 - 8°C river cooling or indirect cooling 

product cooling (milk for cream) 10 kW batch 8 - 10°C indirect cooling 

product cooling (cream) 100 kW batch 21°C - 11°C indirect cooling 

equipment cooling (butter) 50 kW batch 2 - 11°C indirect cooling 

product cooling (butter milk) 10 kW batch 6°C indirect cooling 

product storage 
 

continuous 4 - 6°C indirect cooling 

Meat processing         

air conditioning in production 100 ς 150 kW 
continuous with variable 
load 

+12 - 14°C direct evaporation or indirect cooling 

cold storage 300 ς 500 kW 
continuous with variable 
load 

+1 - 4°C direct evaporation or indirect cooling 

storage (freezing) 80 ς 150 kW 
continuous with variable 
load 

-25°C direct evaporation or indirect cooling 

storage (shock freezing) 50 kW 
continuous with variable 
load or batch 

-30°C direct evaporation or indirect cooling 

Bakery         

storage 10 kW continuous +2°C  8°C direct evaporation or indirect cooling 

fermentation 150 kW batch -7°C direct evaporation or indirect cooling 
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shock freezing 200 - 300 kW 
batch with variable load; 
continuous via parallel 
processing 

-30°C direct evaporation or indirect cooling 

storage (freezing) 40 - 60 kW 
continuous with variable 
load 

-25°C direct evaporation or indirect cooling 

Fruit  & vegetable trading         

storage 200 - 500 kW 
continuous with variable 
load 

+2°C - 4°C direct evaporation or indirect cooling 

Food trading         

storage (fruits & vegetables) 40 ς 60 kW continuous with var. load +6 - +14°C direct evaporation or indirect cooling 

storage 150 - 350 kW continuous with var. load +1 - 6°C direct evaporation or indirect cooling 

storage (freezing) 20 - 40 kW continuous with var. load -25°C direct evaporation or indirect cooling 

air conditioning in production 50 kW continuous with var. load 20°C direct evaporation or indirect cooling 

Server farms         

air conditioning of server rooms 1 - 5 MW continuous 20°C river cooling or indirect cooling 

Paint shops         

process cooling (cathodic 
painting) 

50 - 200 kW continuous 30°C indirect cooling 

process cooling (paint dryer) 30 ς 100 kW continuous 25°C indirect cooling 

intermediate product cooling  500 - 1200 kW continuous 
25°C (10 - 14°C 
glycol) 

indirect cooling 

equipment cooling (welding 
machines) 

150 kW continuous 40°C indirect cooling 

air conditioning in production 20 - 105 kW 3 - 20 °C 

Production of tools         

equipment cooling (machines) 5 ς 100 kW continuous 20 - 30°C river cooling or indirect cooling 

Process cooling in paper mills and steel production     

cooling of products 200 ς 500 kW continuous 20°C river cooling or indirect cooling 

agriculture         

storage cooling 20 ς 50 kW   -3 - 15°C (about 80 % ca. 4°C) 

Processing of plastics         

equipment cooling (injection 
molding) 

  5 - 15°C 
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3 Assessment Methodology  for Solar Heat Integration  
Bastian Schmitt 

The effort for identification of suitable integration points for solar heat as well as the number and 

complexity of possible integration points can vary significantly between industrial sectors and individual 

factories. To assist with the necessary steps for a feasibility assessment, the methodology illustrated in 

Figure 3-1 can be used. This methodology can be divided into three main parts: pre-feasibility 

assessment (steps 1 and 2), feasibility study (steps 3 to 7) and decision/further activities (steps 8 and 9). 

In the following, the single steps are briefly described.  

 

Figure 3-1: Assessment methodology for solar heat integration  






































































































































