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Heat represents three quarters of the total energy demand of industries 
world-wide, and 70% of it is medium to high temperature heat, more 
easily supplied by concentrating solar thermal systems

Total World energy consumption by sectors in 2017 
Total Energy consumption in 2016: 370 EJ

Solar heat for industrial processes (SHIP)
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•Main applications:
Steam generation

High volumes of hot water production

A SHIP Application consists of a solar field supplying thermal
energy to an industrial process that consumes this type of
energy. With line-focus collectors these applications can
cover a wide temperature range (from 100ºC to about 400ºC)

Solar heat for industrial processes (SHIP)
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Industry Process (es) Temperature (ºC) Medium
Food processing, 
beverages
production, milk
processing

Cooking, pasteurization, 
sterilization, tempering
drying, heat treatment…

40 - 150 Steam, water, air

Textile Blanching-dying, Drying, 
Pressing, Fixing, printing

40 - 180 Water, steam

Pulp and paper Bleaching, de-linking, 
drying, pulp
preparation…

60 - 200 Water, 
pressurized
water, steam, air

Chemical and 
pharmaceutical

Distillation, evaporation, 
drying…

100 - 170 Water, steam, air

Leather products, 
rubber, plastic and 
glass
manufacturing

Pre-tanning, drying and 
finishing, preheating, 
preparation, distillation, 
lamination…

50 - 200 Water, air, steam

… … … …

Solar heat for industrial processes (SHIP)
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Low-temperature heat production (T∼100ºC)

Line-focus collectors versus Flat-plate collectors

 Advantages of line-focus tracking collectors
• Smaller and cheaper thermal energy storage systems 

• Lower thermal losses higher efficiency

• Smaller solar field surface for a required power level
• No risk of reaching dangerous stagnation temperatures

stow position (off-focus) 

Solar heat for industrial processes (SHIP)
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Low-temperature heat production (T∼100ºC)

Line-focus collectors versus Flat-plate collectors

 Disadvantages of line-focus tracking collectors
 Solar tracking system → higher installation and  

maintenance costs
 Cleaning operations: higher maintenance costs

 Geographically limited, because

• Only direct solar radiation is used

• Operation may be interrupted at high wind speeds

Solar heat for industrial processes (SHIP)
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This application requires a heat source in the medium temperature 
range (80ºC -180ºC)  Solar energy supply with PTCs or LFR

Refrigeration and cooling needs are more important in those 
countries with a high level of solar radiation
Refrigeration requirements in the food processing industry and 

conservation of pharmaceutical products in developing countries is a 
very interesting market niche for solar energy
Energy demand for air conditioning in most industrialized countries 

has been increasing
• More cooling is needed during periods of high solar radiation

• Disturbance in the transport and distribution grid due to overload 

Refrigeration and Cooling

Solar heat for industrial processes (SHIP)
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 Advantages:
• Solar radiation availability and cooling requirements usually 

coincide seasonally and geographically

• Solar air-conditioning and refrigeration facilities can also be 
easily combined with space heating and hot-water applications 

Solar Refrigeration and Cooling versus Conventional Systems

 Disadvantages:
• High costs associated with these systems
• Clear market supremacy of conventional compression chillers
• Shortage of small heat pump equipment
• Lack of practical experience and acquaintance among architects, 

builders and planners with their design, control and operation 

Solar heat for industrial processes (SHIP)
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• Land availability and cost in industrial areas

• Lack of collector designs suitable for roof mounting

• Non-constant energy source (solar radiation)

• Financial issues: payback periods must be <5 years

• Skilled manpower requirement for O&M

The main drawbacks of SHIP  applications are:

Solar heat for industrial processes (SHIP)
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Specifications for line-focus tracking collectors 
designed for SIPH:
• Flexibility (valid for a wide range of nominal power)
• Small size
• Light weight
• Durability 
• High “efficiency/cost ratio” 
• Easy installation and operation
• Minimal maintenance

Solar heat for industrial processes (SHIP)



Slide 1212 / 46“SHIP applications and electricity generation with Line-
focus  collectors”

Commercial collectors for SHIP
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Examples of PTCs for SHIP 

NEP SOLAR, Australia

Currently marketed

SOLITEM, TurkeyLUCIDA Solar, Turkey
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For more information about SHIP applications (technology, 
suppliers, commercial projects,..) see:
https://www.solar-payback.com/

SHIP projects built by Inventive Power (Mexico)

SHIP: Commercial projects

https://www.solar-payback.com/
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Data base of collectors for SHIP

Link to solar collectors database: https://stage-ste.psa.es/keydocuments/solarthermalcollectors.php

http://stage-ste.eu/keydocuments/solar_collectors/index.php/SolarCollectors
https://stage-ste.psa.es/keydocuments/solarthermalcollectors.php
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Link to solar collectors database: https://stage-
ste.psa.es/keydocuments/solarthermalcollectors.php

Data base of collectors for SHIP

http://stage-ste.eu/keydocuments/solar_collectors/index.php/SolarCollectors
https://stage-ste.psa.es/keydocuments/solarthermalcollectors.php
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Data base of collectors for SHIP
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Unfired boiler or Heat Transfer Fluid 
(HTF) technology
 Two separated loops

 A heat transfer fluid loop, which delivers hot 
fluid from the solar collectors to an unfired 
boiler or steam generator and recirculates 
the fluid to the collectors through a 
circulating pump

 In steam generator the hot fluid delivers the 
heat required to convert feed water in the 
secondary loop into saturated or 
superheated steam at the pressure and 
temperature required by the process

 The temperature of the hot fluid from the 
solar field must be at least 10-20ºC higher 
than that of the steam to be produced for the 
process

SHIP: Options for Steam Generation
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Unfired boiler or Heat Transfer 
Fluid (HTF) technology
 The working fluid commonly used in the 

solar field for this indirect concept is 
thermal oil

 A nitrogen system is provided over the 
organic fluid to prevent oxidation a fire 
hazards

 An storage tank may be implemented to 
increase the number of operating hours

 An expansion tank is required at the 
solar field side to absorb the thermal 
expansion of the oil
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SHIP: Options for Steam Generation
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Flash boiler
 Water from the flash boiler is 

pressurized and circulated through 
the solar field 

 The water is pressurized and 
maintained at the required pressure 
by a circulating pump to prevent 
boiling within the collectors or piping

 When the pressurized heated water 
from the collector field enters the 
boiler flash chamber, due to the 
change in pressure in the vessel, a 
part of it is converted into saturated 
steam.

Flash boiler based SHIP system
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SHIP: Options for Steam Generation
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Flash boiler
 Saturated steam produced in the 

vessel is delivered to the steam 
mainstreams of the industrial process

 The rest of the water is recirculated 
through the collector field

 Flashing is up to about 10%, 
depending on the temperature of the 
heated water and the pressure 
difference between the solar field and 
flash tank

Flash boiler based SHIP system
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Direct Steam Generation
 Steam is directly produced inside the 

receivers of the solar collectors (2 options)

 Water can be partially evaporated in the 
collector:

 Water is circulated through a steam drum where 
steam is separated from the water 

 Feed water is added to the steam drum or mixed with 
the recirculated water at a rate regulated by a level 
controller in the drum Direct steam production in collectors 

with auxiliary backup and partial 
evaporation in the solar field
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SHIP: Options for Steam Generation
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Direct Steam Generation
 Steam is directly produced inside the 

receivers of the solar collectors (2 options):

Water can be partially evaporated in the 
collector:

 Water is circulated through a steam drum where 
steam is separated from the water 

 Feed water is added to the steam drum or mixed with 
the recirculated water at a rate regulated by a level 
controller in the drum

Water can be completely evaporated in the 
solar field

 Feed water is added directly to the collector field inlet

Direct steam production in collectors 
with auxiliary backup and 100% 

evaporation at the solar field
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SHIP: Options for Steam Generation
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Direct Steam Generation
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Advantages versus HTF option
 Environmental risks associated with thermal 

oil are eliminated (fires and leaks) 

 Oil/steam heat exchanger is unnecessary
 Overall plant efficiency is higher

 Solar field requirement and investment is lower

 Plant configuration is simplified

 Auxiliary thermal oil systems are eliminated

 O&M costs are reduced 
 Auxiliary heating system for thermal oil is eliminated

 3% of yearly oil make-up is avoided

SHIP: Options for Steam Generation
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Disadvantages versus 
thermal oil
 Higher solar field operating pressure 

requires suitable hydraulic components, 
which increases costs

 Water may freeze in cold weather 
conditions

 Liquid water stratification problems
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Direct Steam Generation

Receiver tube

Parabolic trough
concentrator

hliquid

hliquid

Water stratification problems in Solar Fields with Direct Steam Generation
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Disadvantages versus 
thermal oil
 Higher solar field operating pressure 

requires suitable hydraulic components, 
which increases costs

 Water may freeze in cold weather 
conditions

 Liquid water stratification problems

 Control systems required for the solar 
field are more complex and expensive 
(two-phase flow)

SIPH: Integration options of solar fields
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Control-related problems in Solar Fields with Direct Steam Generation
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Unfired boiler Flash boiler Direct steam generation
In case of using thermal oil:
• Lower pressure in the 

solar field piping
• High temperature steam
• Most of the thermal oils 

currently available have 
a low freezing point

• Same Fluid in the 
collector field may be 
used also in the process

• No need of HX
• Good heat transfer 

media (high specific heat 
capacity and high 
thermal conductivity)

• Same Fluid in the collector 
field may be used also in 
the process

• No need of HX
• Good heat transfer media
• Phase change reduces flow 

rate required through solar 
collectors

In case of using thermal oil:
• Fire risk due to leakages 

(need of ATEX 
specifications in some 
cases)

• Expensive and pollutant
• High viscosity at low 

temperaturehigh
pressure losses

• Risk of freezing in the 
collector field

• Limited steam 
temperature becaue fluid 
temperature in the solar 
field >>> process steam 
temperature

• Economical viability only 
if max. pressure < 30 bar

• Very high pumping power

• Risk of freezing in the 
collector field

• Uneven heat transfer in the 
receiver tubes with water 
stratification

• Controllability of the 
process in solar field more 
complex

SHIP: Options for Steam Generation 
Summary of pros and cons
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SHIP: Commercial examples
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Plant /aplication: Minera El Tesoro (Antofagasta), Chile
Solar field configuration: Unfired boiler based SHIP system
Processes: Steam (150°C) & hot water (80°C) for solvent

extraction and electro-generation (processes to
obtain copper cathodes)

Year: 2013
Solar collector type: Abengoa-PT1 (2.3m x 6.1 m, Tmax = 288ºC, C ~ 40)

(Reflector : Aluminum/Steel)
Number of solar collector units: 1280
Total collectors area: 16742 m2

Thermal power: 7 MWth
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SHIP: Commercial examples

Plant /application: El Nasr plant (Cairo), Egypt
Solar field configuration: Flash boiler based SHIP system
Processes: Steam (173°C/8 bar) for a pharmaceutical industry
Year: 2004
Solar collector type: IST(Abengoa)-PT1 (2.3m x 6.1 m, Tmax = 288ºC, C ~ 40)

(Reflector : Aluminum/Steel)
Total collectors area: 1900 m2
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SHIP: Commercial examples
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Plant /application: RAM Pharma (Sahab), Jordan
Solar field configuration: Direct steam generation
Processes: Steam (160°C/6 bar) for a pharmaceutical industry
Year: 2015
Solar collector type: LF-11 Industrial Solar (22 m2 per module)
Total collectors area: 396 m2

Thermal power: 222 kWth
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SHIP: Commercial examples

Plant /application: Parker-Lincoln Building (Raleigh), USA
Solar field configuration: Unfired boiler based SHIP system
Processes: Pressurized hot water (170°C) coupled to a a double

effect absorption chiller (cooling system)
(steam @165ºC, COP = 1.23)

Year: 2002
Heat transfer fluid: Water
Solar collector type: Power RoofTM Solargenix (Tmax =400ºC)
Total collectors area: 549 m2
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SHIP: Commercial examples

For more details of 
demonstration and 
commercial SIPH 
systems around the 
world:
www.ship-plants.info

http://www.ship-plants.info/
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Barriers for large scale deployment of SHIP 
systems:
• Difficulty in integrating SHIP in existing and optimized 

process heating systems
• Not many suppliers of components for small sized line-

focus collectors suitable for SHIP applications
• Unavailability of qualified designers, installers as well as 

software support
• Unavailability of adequate policy and regulatory support 

(e.g. compared to PV or solar thermal power generation)

Solar heat for industrial processes (SHIP)
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What is a Concentrating Solar Thermal Power 
(CSTP) or a Solar Thermal Electricy (STE) plant?

Solar thermal electricity (STE)

A CSTP plant is a system where direct solar radiation is concentrated
and then converted into thermal energy at medium/high temperature 
(300°C - 600°C). This thermal energy is then used in a thermodynamic 
cycle to produce electricity.
A line-focus solar field may be used to thermally feed: 
− Steam power cycles (Rankine cycles)
− Organic Rankine power Cycles (ORC)
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Tipycal CSTP plant with molten-salt thermal storage system

The technology using PTC with oil as heat transfer fluid is fully proven (>5GWe).
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Molten-salt (potassium + sodium nitrates) storage systems are becoming the 
preferred option for storage.

Solar thermal electricity (STE) with PTCs
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Hybridization of a CSTP plant
Thermal oil is heated with fossil fuel when solar radiation is not available

Solar-fossil fuel hybridization of a STE Plant 

Hybrid CSTP plant with molten-salt thermal storage system
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 They have a large potential market (electricity market) Worldwide

 These plants do not produce CO2 emissions :

- 1 GWh of solar thermal electricity saves 800 Tm of CO2

 They are many places in the World with high solar radiation

Why are Solar Thermal Electric plants interesting nowadays?:

 These plants demand a lot of manpower (600-2200 jobs/50MW plant)

 They are already profitable in some countries

 The technology is mature enough for commercial deployment

Solar Thermal Electric (STE) Plants
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• Thermal energy delivered by a 
solar field with North-South (N-S) 
oriented PTCs varies a lot  during 
the year. Three (3) to four (4) 
times more energy is delivered 
daily during summer months than 
in winter months.

STE plants with PTCs: Seasonal dependence 
of thermal energy production

Daily profile of the energy delivered by a N-S 
PTC solar field (Latitude of southern Spain)
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Daily profile of the energy delivered by a E-W 
PTC solar field (Latitude of southern Spain)
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• Thermal energy delivered by a 
solar field with North-South (N-S) 
oriented PTCs varies a lot  during 
the year. Three (3) to four (4) 
times more energy is delivered 
daily during summer months than 
in winter months.

• Thermal energy delivered  by 
PTCs oriented East-West (EW) 
does not vary much from 
summer to winter. 

• The yearly thermal energy 
output of a NS-type solar field is 
greater than that of a EW-type 
solar field.

STE plants with PTCs: Seasonal dependence 
of thermal energy production



Slide 4343 / 46“SHIP applications and electricity generation with Line-
focus  collectors”

43

Thermal power produced by two 50 MWe plants, with a without thermal storage
system (in a Sunny day in June, Spain)

Thermal power required by
the power block (50 MWe)
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With thermal storage
- 50 MWe nominal power
- 510000 m2 of PTCs (155 
collector loops; 4 PTCs per 
loop)
Thermal storage 1000 MWh

Without thermal storage
- 50 MWe nominal power
- 288000 m2 of PTCs (88 
loops of collector; 4 PTCs per 
loop)
NO thermal energy storage

Source: CIEMAT, EZM

STE plants with PTCs
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• It is basically a Combined 
Cycle plant with a small PTC 
solar field

• The solar field is integrated in 
the bottoming cycle of a 
combined-cycle gas-fired 
power plant

• The solar yearly contribution is 
small (10-12%)

• It is a good option for those 
countries willing to get 
experience with CSTP plants 
without taking a great risk

STE plants: Integrated Solar Combined Cycles
Systems (ISCCS)

Source: Fitchner Solar GmbH
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Solar thermal electricity (STE) Plants
There is a complete data base of STE plants in the World at the link:

https://solarpaces.nrel.gov/



Lecturer:  Eduardo Zarza Moya
Plataforma Solar de Almería – CIEMAT
(e-mail: eduardo.zarza@psa.es)

First Summer School
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Lecture 7:
SHIP Applications and Electricity Generation

with Line-Focus Collectors
- Thank you very much for your attention
- Questions?
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