
Demonstration

Open Loop Ground Source Heat Pump



Demonstration objectives

-Benefits of Open Loop Ground Source Heat Pump
- How does it work

- The Source water circuit
- The heating water circuit
- Ongoing maintenance

Open Loop Ground Source Heat Pump

- Ongoing maintenance

- Questions?



� Soleco Open Loop GSHP’s provide many 
advantages over other systems, namely:

�Greater financial savings

�Lowest CO2 emissions

Why Open Loop ?

�Provides Domestic Water Supply

�Better COP than closed loop

�Smaller Plot Size needed

�Grey Water Applications



How to determine System Performance

- Coefficient of performance

- Ratio of power output by power input

- Sol 12
12.8kW 
3.24kW

- Therefore, for every 1 unit of energy input, 
3.95 units of energy output is delivered

= 3.95



Cost of energy
Fuel Price per unit Pence per KWH CO2 per KWH

Soleco GSHP 15.04 3.65 0.143

GSHP 15.04 4.3 0.169

Mains Gas (Online) 4.57 5.08 0.204

Mains Gas (Std) 4.78 5.31 0.204

Pellets 31.25 7.36 0.039

Gasoil 74.48 7.96 0.352

LPG 48.00 8.01 0.259

Smokeless Fuel 44.31 8.82 0.414

Propane 73.43 11.54 0.259

Butane 136.96 19.09 0.259

Source www.nottenergy.com/energy_cost_comparison  - September 2013



What does this mean

Before considering RHI

• A ‘Standard house’ would use between 
– 15,000Kwh and 20,000Kwh per annum

– Typically off grid replacing oil
• Saving of between £54 and £72 per month

– In our experience , larger house, 35,000Kwh
• Saving of approx £126 per month

• And potential to save on the water bill



Financial Impact with RHI

– Ability to recoup installation costs from RHI 

over seven years  (per EN14511)

– Displacing oil  46% Saving

– Displacing oil and using water 52% Saving– Displacing oil and using water 52% Saving

– Based on 26kw Heat Pump

• Giving  37,440Kwh per annum

• Assuming appropriate EPC and Heat Emitter 
evaluation



Heat Emitter Guide

• http://www.gshp.org.uk/pdf/mis_3005_heat
_emitter_guide.pdf

• To ensure heat pumps are only used in 
appropriate locationsappropriate locations

• Lower heat loss is rewarded

• Under-floor heating is rewarded



Source water can be expected 

at constant temperatures of 

10-12 °C all year round. Typical 

borehole depths range from 30 

to 120 metres. 

Groundwater is extracted 

from the water table.                                             

Cooled groundwater is then 

returned via a soak-away. This 

can be a second (but shallower) 

borehole, stream, river or lake if 

there is an adequate overflow 

system in place. 

The heat pump uses the heat 

energy from the ground water 

and boost’s it to provide 

heating and domestic hot 

water.



Closed loop ground source heat pumpOpen loop ground source heat pump

Open Loop vs Closed Loop



Performance of Closed Loop in 

winter
So what happens when a GSHP extracts heat from a slinky pipe 

in the ground? The temperature of the ground beside the pipe 
falls. So, it is not true to suggest that the temperature of the 
ground remains constant if you extract heat from that ground. 
The reality is that (surprise, surprise) the ground temperature 
falls as the GSHP extracts heat – and it takes time for heat in 
the surrounding ground to migrate toward the place heat was the surrounding ground to migrate toward the place heat was 
extracted from.

This manifests itself as a problem for "unassisted" GSHP 
installations as the amount of work required of the 
heat pump increases as the temperature of the 
ground falls – and the CoP also falls from the 
autumn level of 4 to a lower level.   (Reference the 
demonstration)



What about performance

• Open loop better

– Consistent replenishment of heat source

– Smaller difference between borehole in and 

heating water out – typically 12C for open heating water out – typically 12C for open 

loop and 0C for closed loop

– Approximately 18% better COP than 

equivalent closed loop

– No need to use antifreeze



GSHP How it worksGSHP How it works





Physics – Combined Gas Law

Pressure times volume divided by 
temperature is constant

In the cycle  In the cycle  

- Refrigerant gas is pressurised

- Same system volume as a sealed system

- Higher pressure means higher 
temperature



MCS Test results
Model Type SOL12 SOL18 SOL26

kW Rating (BSEN14511)¹ 12.8 18.9 26 kW

Effective power input² 3.24 4.43 6.3 kW

COP 3.95 4.28 4.12 W/W

Voltage All models 230v/1ph or 400v/3ph

¹BSEN14511 parts 1-4 – Source Water in 10C. Source Water out 7C

2Effective power input is the total input power required for compressors and both pumps 

Voltage All models 230v/1ph or 400v/3ph

Unit Data

Refrigerant Type R407C

Dimensions (HxWxD) 1100 x 625 x 725 mm

Weight 207 236 266 kg



Figure 17: Reducing CoP with increasing central heating temperatures



Features and benefits

Weather compensator - Compensates for variations in 

weather temperatures

Source water economiser - Varies the source water 

flow rates as required

Twin compressors - Operates on half or full capacity

De-superheater function - for Domestic Hot Water



Source Water Circuit



Heat Pump 

Flow to 
potable 

water supply
Pumped feed to grey 
water or garden 

irrigation
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Flow and 
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hot water
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heating
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Is there an 
existing water 

supply 
borehole?

Is the water 
supply 

borehole 
suitable?

Request a Hydro-
geological 
Survey to 

determine if an 

Consid
er 

Closed-
Loop.

Drill to 
suitable depth 

and test the 
borehole for 

adequate flow 
rate.

suitable?
(Conduct a yield 

test to 

determine)

Move to 
design 
stage.

determine if an 
appropriate 
water supply 
borehole is 
possible.

Yes



Abstraction Licences

The Water Act 2003 allows for the abstraction of water from
the ground without charge, provided the daily abstraction rate
is less than 20,000 litres (approx 4,400 gallons).

It is unlikely that a Soleco heat pump for domestic use
will ever require more than 20,000 litres of water per day.



Discharge Permit: 
Single Domestic Dwellings

The environment agency approach states that a permit is not required where:

• The heat exchange system is an open-loop system used to heat or cool a single
domestic property;

• The water is abstracted from, and discharged to, the same surface-water body (a river
or stream and not a lake or pond);

• Cleaning chemicals are not discharged to the surface water;

• The property is not used for commercial purposes.



No existing water source? What 

next?next?



© Synergy 
Boreholes



MC405 Borehole Drilling 
Rig
© Synergy Boreholes



Mud Puppy  
© Synergy 

Boreholes



Drillers & Rigs



Borehole system equipment

What components make up the What components make up the 

system?



Expansion tank + Pressure switch

• Allows the system to absorb fluctuations in 
flow and pressure.

• Extends borehole pump life by preventing 
cyclingcycling

• Provides remote control of the pump when 
the GSHP system is off-line with zero 
demand.

• Tank size and pressure switch settings to 
suit application



Buffer tank and pressure switch



In addition to drilling water-well borehole, 
you can also install water storage tanks. 
These can be above, or below ground.

The tanks can be equipped with powerful 

Grey Water Tanks

The tanks can be equipped with powerful 
booster pumps to pressurise the house 
system or irrigation network up to 5 Bar. 



System Design Principles

Heat pumps need slightly more consideration than direct consuming fossil fuel 

systems such as Natural Gas, LPG or Oil due to the operating temperatures and 

nature of the equipment.

The main pillars of a good design are:

• Ensure adequate water flow at all times on both the heat source 

(borehole) and heat delivery (building) side 

• Guard against the units continually cycling by providing sufficient water 
volume in the system

• Water temperature from source (borehole)

• Cleanliness of borehole

• Siting of heat pump is important (noise & vibration)



Heating Water CircuitHeating Water Circuit



Under-floor 
heating or 

Recommended System Design and Key Components
This is the recommended system design that Approved Installers should use to ensure correct operation of a SOLECO GSHP. 
See descriptions below:

heating or 
radiators

Figure 1: System Design



Selection 
Factors



Selection factors /Considerations
• SAP calculations

• Connection to existing system

• Availability of electricity supply. 3 Phase? Single 
Phase?Phase?

• Borehole location

• Water usage – domestic consumption, irrigation etc.



System 
Requirements & Requirements & 
Operating Limits



Source Water Flow rates and Water Consumption



Operating Range

Source Water

8°C Minimum

20°C Maximum

Heating Water

30°C Minimum

Heating Water

55°C Maximum

Domestic Hot Water

35°C Minimum

65°C Maximum



• Hot water for sanitary consumption is produced by two complimentary sources: 

a: The hot water cylinder should have a suitable indirect heating coil which is 

supplied by heat from the main heating circuit of the heat pump (55°C  max)

b: A direct heat exchanger (de-super heater) in the heat pump which can boost the 

water temperature to 60-65°C  

Domestic (Sanitary) Hot Water Supply

• Water pasteurisation.  A minimum hot water temperature of 60°C  for minimum of 30 

minutes is recommended.



It is vital that a control system is installed which ensures the correct operation of 

the heat pump and the associated system. The controls within the heat pump are 
self contained and designed to ensure safe and energy efficient operation of the 

heat pump itself and NOT the system as a whole. 

It is currently necessary to provide:

• A room thermostat

Controls

• A cylinder thermostat

• A  time-clock

• For under-floor systems - an additional water temperature control for the DHW



Heat pumps alarms and 
troubleshooting

Open Loop Ground Source Heat Pump

troubleshooting





Areas of concern

• Heat Pump will be the point of failure if 

– Heating circuit flow interrupted/too low

– Borehole flow interrupted/too low

• Heat Pump is designed to protect itself by

– Shutting down if high pressure detected

– Resilient and well tested technology



Maintenance

- Annual inspection 

-Work on the Refrigeration circuit requires a 
qualified engineer 

-Borehole maintenance 



Key Stages 
of the 

Process –

Its important 
to get the 
hydrology 

report early report early 
in the 

process to 
determine 

the 
availability 
of ground 

water.



Questions?

Open Loop Ground Source Heat Pump


