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The performance of an optimized solar-driven polygeneration system for a dairy industry located in Tauste, Spain, is
examined by integrating different technologies to produce heating, cooling and electricity. The considered technologies in the studied system include
parabolic trough collectors, Organic Rankine Cycle, auxiliary boiler, mechanical chiller and thermal energy storage. The system is connected to the
electrical grid selling the surplus of electricity produced and purchasing the required electricity, when needed. The techno-economic performance of the
proposed system, as well as its environmental benefits, were carried out by properly examining its physical behavior throughout the year.

• The solar collector produces high-temperature heat at an average temperature of
280 °C to drive the ORC, which operates in cogeneration mode producing
electricity (for the electricity demands and the mechanical chiller) and heat.

• Excess solar heat can be stored in the TES unit or dissipated to the environment.
• The pre-design of the the system has been made through a mixed-integer linear

programing (MILP) model which has been developed by using LINGO software to
minimize the total annual cost of the system.

• The model determines the capacities of SKY, TES and ORC. The installed capacities
of MC (8000 kW) and AB (4000 kW) are fixed and have been sized to provide the
energy demands when the solar system is not operative.

• The total annual cost is calculated as the sum of the annual investment cost and
the annual operation cost of the system. The objective function is subject to
restrictions like capacity limits, production constraints and energy balances.

Solar system
Average electricity cost = 0.210 €/kWh
Natural gas cost = 0.11 €/kWh

• The dairy industry plant is open 16 hours per day for weekdays and 8
hours per day for weekends. The required temperature for hot water
is 90ºC, and chilled water is 7ºC.

Hourly cooling, heating and electricity demands of the dairy industry for working days (left) and 
weekend days (right) in July 
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Annual demand , 
MWh

Peak demand,
kW

Electricity 2328 723

Heating 11376 3533

Cooling 22932 7124

• The study analysed the performance of SDPS for a dairy industry located
in Tauste, Zaragoza, Spain.

• The optimization results showed that the proposed SDPS has a solar
fraction of 63.3% with a lower cost (close to 30%) and lower greenhouse
gas (GHG) emissions (close to 70%) as compared to the conventional
energy supply system.
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