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Household energy demand 

System description and modelling methodology

• The demands for space cooling and electricity for lighting

and other household appliances of a reference house located

in Sydney, Australia have been estimated from a model

developed in EnergyPlus in previous research (see Ref. [6]).

• For this estimation, the EnergyPlus model was modified and

run based on hourly weather data obtained at the

geographical location of interest.

Results 

Introduction and motivation
Solar energy can be used to provide heat or to generate electricity (many land areas in the world have sufficient solar irradiance based on Figure 1). Most solar panels

designed for one of these purposes, with electrical photovoltaic (PV) panels being typically less than 20% efficient. PV cells experience a deterioration in efficiency when

operated at high temperatures, which occurs when the solar irradiance and generation from such systems are at their highest. Hybrid PV-thermal (PVT) solar collector

technology combines PV modules with the contacting flow of a cooling fluid in a number of configurations, and offers advantages when space is at a premium and there is

demand for both heat and power [1,2]. By far the most common use of the thermal-energy output from PVT systems is to provide hot water at 50-60 °C for households or

commercial use, however, a much wider range of opportunities arises at higher temperatures (typically above 60 °C) where refrigeration cycles can be used.

Meanwhile, non-concentrating solar thermal (ST) collectors, such as evacuated tube collectors (ETC), can be designed to operate with a high thermal efficiency in the

range 80-200 °C, making them suitable for a wider range of thermodynamic power and cooling cycles, such as the organic Rankine cycle (ORC) and the diffusion

absorption refrigeration cycle (DAR), which can be tailored to a particular solar heat source though careful selection of an appropriate working fluid [3,4].

In this work, we investigate two alternative system configurations for the provision of solar combined cooling and power (S-CCP) in a distributed domestic application.

Both systems use the same reference household energy demand for cooling and power and are constrained by the same total available solar collection area.

• Figures 4 and 5 show the hourly electrical performance of the PVT and

ST+ORC systems, respectively, when located in Sydney, Australia, during a

representative summer week (from the 1st to the 7th of February).

• Figure 4 shows that during the day, all or most of the electricity demand of

the selected household is covered by the PVT system (blue line), also with a

surplus of electricity (green line) that can be exported to the grid.

• Figure 5 shows that the ORC system can meet a larger fraction (%) of the

household’s electricity demand, while exporting less electricity to the grid.

Both systems are less well suited to meeting the evening peak in electricity

demand due to the lack of a means for storing electrical energy.
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System 1 consists of: 

1) Hybrid photovoltaic-thermal (PVT) 

collector array

2) Hot water storage tank

3) Absorption refrigeration (AR) unit

System 2 consists of:

1) Solar collector array

2) Organic Rankine cycle 

(ORC) engine

3) Diffusion absorption 

refrigerator (DAR)  

unit arranged in two 

parallel sub-systems
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Total floor area 116 m2

Available roof area 16.5 m2

Façade /roof U-value 0.26 / 0.18 W m-2 K-1

Number of occupants 4

Air-conditioning set-point (primary/secondary) 25 / 27 °C

Annual energy demand (electricity/cooling) 2673 / 813 kWh/yr

Table 2. System 1 parameters.

Table 1. Reference house parameters.
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ORC collector area 9.9 m2

ORC working fluid R245fa

ORC heat source temperature 110 ˚C

ORC thermal efficiency 0.11

ORC evaporation temperature 100 ˚C

ORC condensation temperature 30 ˚C

DAR collector area 6.6 m2

DAR working fluid mixture

Ammonia 

water 

hydrogen

DAR heat source temperature 180 ˚C

DAR nominal COP 0.25

Solar collector efficiency:

𝜂th = 0.536 − 1.10 𝑇m
∗ − 0.0038 𝐺 𝑇m

∗ 2

Table 3. System 2 parameters.

System 

configuration

Collector area  

m2

Annual 

electrical output 

kWh(e)

Annual 

cooling output

kWh(th)

Electrical/cooling demand covered

PVT +

AR
16.5 3013 748

Electricity: 

30% (instantaneously covered) / 112% (with grid interaction)

Cooling: 92%

ST +

ORC + DAR

9.9 (ST + ORC)

6.6 (ST + DAR)
519 382

Electricity:

14 % (no TES) / 19 % (with TES) 

Cooling:

39 % (no TES) / 39 % (with TES)

Table 4. Summary of the main results of the annual simulations of the PVT+AR and ST+ORC+DAR systems. 

Figure 7. Cooling performance of System 2 (ST+ORC+DAR system) for simulated summertime operation in Sydney over one week. 

Figure 6. Cooling performance of System 1 (PVT +AR system) for simulated summertime operation in Sydney over one week.

Figure 4. Electrical performance from System 1 (PVT +AR system) for simulated summertime operation in Sydney over one week.

Figure 5. Electrical performance from System 2 (ST+ORC+DAR system) for simulated summertime operation in Sydney over one week. 

Figure 3. Schematic of System 2: ST + ORC + DAR system.

Figure 1. Global solar irradiance map [5].
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Figure 8. Pie charts showing the annual electricity and cooling demands covered by the PVT-AR and ST-ORC-DAR systems.

Figure 2. Schematic of System 1: PVT + AR system.

• The ORC engine is modelled with fixed pinch-point temperature differences and constant component isentropic efficiencies representative of

generalised positive-displacement pumps and expanders.

• The DAR is modelled using an empirical performance map obtained from experimental analysis of a 100-W prototype unit.

• The ORC and DAR receive thermal inputs from two separate sections of the solar-thermal collector array (of total area 16.5 m2), sized according

to the summertime total cooling-to-electricity demand ratio (~0.6).

• The operating temperatures of collector arrays 1 and 2 are optimised to maximise the electrical power and cooling outputs per m2, respectively.

• A TRNSYS model developed in previous work [7] has been modified accordingly for this specific application (provision of electricity and

cooling to a household in Sydney, Australia).

• It is assumed that the total (electrical + thermal) efficiency of the PVT collector considered here is the same as the thermal efficiency of the

aforementioned evacuated tube collector. This presents an upper limit of performance for this component.

• A one-dimensional (1-D) model is used for the hot-water storage tank (Type 534). The tank is assumed to consist of 6 fully mixed equal-volume

segments that divide the cylinder along its vertical axis.

• A single-effect (LiBr-water) AR unit (Type 107) is modelled. When the water temperature exiting the top of the storage tank is lower than 65 ºC, an

auxiliary (gas-fired) heater heats it up to ensure that it enters the AR unit at a temperature of at least 65 ºC (minimum temperature to start the cycle).

• Figures 6 and 7 show the hourly cooling performance of the two systems.

• Figure 6 shows that the PVT+AR system provides more cooling and requires

less auxiliary-heater contribution to deliver water at the temperature needed

to feed the AR unit; on 3 days of the week, no auxiliary heating is required.

• Figure 7 shows that the ST+DAR system provide only a small percentage of

the total cooling requirement and that this cooling is not available at a

suitable time to meet the late afternoon peak in cooling demand.

• However, as reported in Table 4, the addition of thermal energy storage

(TES) allows the DAR system to cover up to 39% of the cooling

requirements by shifting the availability of cooling to evening hours.
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