
INL1-3 SUPPLY UNITS 

Introduction 

This report evaluates the impact of various heating and cooling supply systems on 
energy consumption, primary energy usage, and environmental impact (CO₂ 
emissions). The study uses annual simulations conducted in IDA ICE software, 
following ISO 52000-1 standards, to assess the performance of these systems for a 
given building. 

 

 

Systems Analyzed: 

1. Reference System: Boiler (fossil fuel) for heating, liquid chiller for cooling. 

2. District Heating and Cooling. 

3. Ground Source Heat Pump (GSHP) with Liquid Chiller (variable auxiliary heater 
size). 

4. GSHP with PV Panels. 

5. Air Source Heat Pump (ASHP) with Liquid Chiller. 

Metrics Evaluated: 

 Bought Energy (kWh). 

 Primary Energy Used (kWh). 

 Environmental Impact (CO₂ emissions, kg). 

 

The supply unit capacities and the discharge capacity of the heat exchangers were 
adjusted to ensure thermal comfort and permissible PPD values in all the 
simulations. 

 

 

 

 

 

 



 

Results and Observations 

1. Reference System 

 Configuration: Boiler for heating and liquid chiller for cooling. 

o Bought Energy (el): 38254.4 kWh. 

o Bought Energy (fuel): 54057.4 kWh 

o Overall Primary Energy performance: 140303.1 kWh. 

o Overall CO₂ Emissions: 25474.4 kg. 

 



2. District Heating and Cooling 

 Configuration: Heating and cooling provided by district networks. 

o Bought Energy (el): 28120.2 kWh. 

o Bought Heat Energy (dh): 43344 kWh. 

o Bought Cooling Energy (dc): 51564.9 kWh. 

o Overall Primary Energy performance: 193682.1 kWh. 

o Overall CO₂ Emissions: 36486.6 kg. 

 

 

 



3. GSHP and Liquid Chiller 

 Simulation #3: Default configuration. 

o Bought Energy (el): 80976.7 kWh. 

o Primary Energy Used: 202441.7 kWh. 

o CO₂ Emissions: 34009 kg. 

 

 

 

 

 

 



 Simulation #4: Increased heat pump capacity and reduced top up heaters. 

o Bought Energy: 80932.9 kWh. 

o Primary Energy Used: 202332.1 kWh. 

o CO₂ Emissions: 33993 kg. 

 

 

 

 

 

 

 



4. GSHP with PV Panels 

 Simulation #5: Full PV panel size. 

o Bought Energy (el): 59544.9 kWh. 

o Primary Energy Used: 200421.3 kWh. 

o CO₂ Emissions: 33670.9 kg. 

 

 

 

 

 

 



 Simulation #6: Half PV panel size. 

o Bought Energy: 70520.5 kWh. 

o Primary Energy Used: 200546.2 kWh. 

o CO₂ Emissions: 33693.1 kg. 

 

 

 

 

 



5. ASHP and Liquid Chiller 

 Simulation #7: Default configuration. 

o Bought Energy: 102149.5 kWh. 

o Primary Energy Used: 255737.5 kWh. 

o CO₂ Emissions: 42903 kg. 

 

 

 

 

 



 Simulation #8: Increased ASHP capacity and reduced auxilary. 

o Bought Energy: 96128.2 kWh. 

o Primary Energy Used: 240320.4 kWh. 

o CO₂ Emissions: 40374 kg. 

 

 

 

 

 



Summary 

 

Here is a summary table of Bought Energy, CO₂ Emission, and Primary Energy for all the 
simulations: 

 

Simulation Bought Energy (kWh) 
Primary Energy 
(kWh) 

CO₂ Emissions 
(kg) 

Reference System 92,311.8 (el + fuel) 140,303.1 25,474.4 

District Heating & 
Cooling 

123,029.1 (el + dh + dc) 193,682.1 36,486.6 

GSHP + Liquid Chiller  80,976.7 202,441.7 34,009 

GSHP + Liquid Chiller 
(Added heat pump & 
reduced auxilary) 

80,932.9 202,332.1 33,993 

GSHP + PV Panels (Full 
PV) 

59,544.9 200,421.3 33,670.9 

GSHP + PV Panels (Half 
PV) 

70,520.5 200,546.2 33,693.1 

ASHP + Liquid Chiller  102,149.5 255,737.5 42,903 

ASHP + Liquid Chiller 
(Added heat pump & 
reduced auxilary) 

96,128.2 240,320.4 40,374 

 

Among all the systems, the least energy purchased is in case of GHSP with PV panels 
since the source of power is the sun and less electricity would be required from the grid. 
The Boiler & Liquid Chiller and District Heating/Cooling cases benefit from their reliance 
on direct fuel use without much conversion or transmission and high-eƯiciency 
centralized systems respectively, thus showing lower primary energy consumption. 
Apart from the reference system, lowest CO2  emissions was found to be in case of 
GHSP with PV panels. 

 



By relying more on highly eƯicient AHSP/GSHP and less on auxiliary systems keeping 
the total heating load same, we could notice enhanced energy performance and 
reduced CO2  emissions. 

 

With lesser dependence on grid electricity, GSHP with full solar panel shows enhanced 
energy performance and lesser emissions compared to GSHP with half solar panel 
case. 

 

 


