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Context - Coole Wärme

Modelling Transfer Application

• Investigate the technical and economic potential of PVT+HP systems

• Facilitate implementation of these systems through
targeted dialogue with industry partners on challenges and opportunities

• Goal: Design guidelines for use in contexts with limited spatial or financial resources

Patrik Schönfeldt
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Motivation and Goals

Process: 

• Investigate the performance of PVT + HP systems 
(comparing to a baseline of air source heat pumps 
as typical system)

Focus:

• Roof as single heat source (e.g. small terraced houses)

• Brine cooled, open modules

The conflict: limited roof space

→ techno-economic optimization

• Advantages of additional solar thermal use 
 → Increase the source temperature? (as compared to air)
 → better system efficiency?
 → influence of weather?: MUC, WÜRZBURG, HH
• Advantages of additional PV-use

Patrik Schönfeldt
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Collector Model

Patrik Schönfeldt
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Collector Model

• MTRESS

• Mass-Flow based linear model

• Allows to optimise both,
energy and temperature,
in the same linear model

• Thermal collector as simplified linear model

[https://solarkeymark.eu/database/]

𝜂 = 𝜂0 − 𝑎1

(𝑇out − 𝑇a)

𝐺

ሶ𝑄 = 𝜂 × 𝑃sol 

ሶ𝑄 =  𝜌 𝑐p
ሶ𝑉 × 𝑇flow − 𝑇return
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Collector Model

[consolar.de]
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Collector Model

𝜂0 = 𝑓0𝜂0,𝑑𝑎𝑡𝑎𝑠ℎ𝑒𝑒𝑡

𝑎1 = 𝑓1𝑎1,𝑑𝑎𝑡𝑎𝑠ℎ𝑒𝑒𝑡
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Collector Model
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• MTRESS

• Mass-Flow based linear model

• Allows to optimise both,
energy and temperature,
at the same time

• Thermal collector as simplified
linear model

• Adjustment with calibration factors
γ0 und γ1 to fit measurements from a real system

9Patrik Schönfeldt

Collector Model

Quelle: https://solarkeymark.eu/database/
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Demand Models

• VDI-profiles (demandlib implementation)

• SH: 54400 kWh/a

• DHW: 22000 kWh/a

• Heat pump, thermal power limit: 34 kW

• No electricity demand

Patrik Schönfeldt
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System performance and solar thermal

System performance

Weather sensitivity and 
influence of solar heat 

HH MUCWürzburg

Patrik Schönfeldt

Solar thermal collector
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System performance and solar thermal

Patrik Schönfeldt

Models using the same COP values 1/𝜂(𝑇) for both heat pumps (air and brine)

• PVT as single source is possible 
• Decreases the source temperature for most of the demand (winter)
• Same trend observed for the three investigated weather conditions
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System performance and solar thermal

Patrik Schönfeldt

Using a solar thermal area increases the thermal system performance
• Trend observed for all three weather conditions
• Mainly due to increased system

thermal COP (SFP) in summer and spring/fall

System thermal  COP- monthly values

System thermal  COP- annual values

Würzburg
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System performance and solar thermal

Patrik Schönfeldt

Using a solar thermal area increases the thermal system performance
• Trend observed for all three weather conditions
• Mainly due to increased system

thermal COP (SFP) in summer and spring/fall
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System performance and solar thermal

Patrik Schönfeldt

• Simplified economic calculations: no subsidies, Costs from 
„Technikkatalog KW“, interest rate 4%, inflation rate 2%

• Main advantage of PVT systems: not the thermal
performance, but the self-sufficiency from PV electricity!

• Solar thermal areas reduce the amount of PV electricity 
available, but do not increase winter performance
→ Substituting PVT area with solar thermal collectors is not  
     beneficial!

• How about substituting PVT with PV area instead?

Using a solar thermal area increases the thermal system performance
but does not reduce the system costs.
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Substitution with PV area

Patrik Schönfeldt

• Reducing PVT area reduces annual total costs (PVT is CAPEX intensive)
• Substituting PVT area with PV is beneficial for reducing annual costs

- Similar models, but bigger thermal demands  - Model calibrated collector
- Including electricity demand   - Thermal power HP: 60 kW 

PV:  0 kWp PV:  45 kWp
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Substitution with PV area

Patrik Schönfeldt

• Reducing PVT area reduces annual total costs (PVT is CAPEX intensive)
• Substituting PVT area with PV is beneficial for reducing annual costs

- Similar models, but bigger thermal demands  - Model calibrated collector
- Including electricity demand   - Thermal power HP: 60 kW 

PV:  0 kWp PV:  45 kWp
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Conclusions

Patrik Schönfeldt

• Simplified collector model can be calibrated to represent real performance data reasonably, at 
the level of energy balances (not suitable for deriving control strategies!)

• Main advantage of PVT systems: not their thermal performance, but their option of operating as 
single source

• Substituting PVT area with solar thermal collectors increases thermal performance but also 
system total costs (due to lower self-sufficiency higher operation costs)

• Substituting PVT area with PV is beneficial for reducing annual costs
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