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Glossary 

Term Definition 

ASHP Air Source Heat Pump 

BEIS The Department of Business, Energy, and Industrial Strategy 

BEMS Building Energy Management System 

CIBSE Chartered Institute of Building Service Engineers 

GSHP Ground Source Heat Pump 

HP Heat Pump 

MCS Micro Certification Scheme 

PV Photo Voltaic – Solar panel technology generating power 

PVT Photo Voltaic and Thermal - Solar panel technology generating power and heat 

SME Small and Medium sized Enterprise 

WSHP Water Source Heat Pump 

 



SunPeople  BURO HAPPOLD 

G001  Revision P02 

Heat Pump Design and Implementation Guide 11 August 2021 

Copyright © 1976 - 2021 Buro Happold. All rights reserved Page 6 

1 Introduction 

1.1 Purpose of Document 

The purpose of this document is to provide interested parties with a best practice guide to the implementation of heat 

pumps with potential solar technology integration. It is targeted at Small to Medium sized Enterprises (SMEs) as there 

is a broad gap in available literature for these buildings. It is intended to equip building owners and operators with the 

right information and guidance for them to confidently engage the heat pump market to ensure that they get the best 

solution possible. It will cover: 

• A heat pump and solar technology overview – what are the potential solutions and where are they suitable. 

• A building review guide for owners and operators – self assessment of a building. 

• A best practice implementation guide – helping owners and operators as the right questions to contractors.  

• A separate report has been prepared which addresses considerations for best practice operation and 

maintenance guide - helping owners and operators as the right questions to contractors.  

1.2 Why Switch? 

There are two major drivers to consider switching to a heat pump solution; carbon, and economics.  

1.2.1 Carbon 

The electricity grid in the UK has decarbonised significantly over the last 10 years, and this is projected to continue. 

Gas has a carbon factor of around 0.2 kgCO2/kWh whilst electricity is at ~0.15 kgCO2/kWh and falling, projected to 

reach ~0.05 kgCO2/kWh by 2040. 

At the minute a reasonably well performing heat pump fed by grid electricity alone will reduce carbon emissions vs a 

gas boiler by over 75%. This will increase toward 100% as the grid decarbonises. Adding solar has the potential to 

improve this baseline performance even further.  

1.2.2 Economics 

Whilst electricity is more expensive than gas, where commercial rates at the time of writing of might be 2.5 p/kWh for 

gas vs 14 p/kWh for electricity, once plant efficiencies are factored in the difference in heat price is reduced to 

~3p/kWh (85% boiler efficiency) to ~4.5 p/kWh (300% seasonal heat pump efficiency).  

The Department of Business, Energy, and Industrial Strategy (BEIS) forecasts gas prices rises of up to 35% over the next 

10 years, vs electricity prices of only ~5%, further narrowing the gap. With the addition of solar, or improved heat 

pump efficiency, or intelligent electricity tariffs, the system can be cost neutral or better with gas. Add to this that the 

removal of gas boilers means it may be possible to close off your gas connection which saves all of the typically 

expensive fixed costs associated with it.  
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2 Technology Overview 

2.1 Heat Pumps 

At its most basic level a heat pump works by collecting heat from one area and transferring it (‘pumping’) to another. 

This is done using a refrigerant fluid as the heat transfer medium. This refrigerant is cold when it is pumped to the 

warm area where it is absorbs heat, and it then releases this heat (with help from compression and expansion) when it 

is passed through the cold area. The refrigeration cycle is exactly the same as that used in household refrigerators, 

which are a tried and tested technology.  

They work best when the heat required is at low temperatures, typically a gas boiler will provide heat at ~80 ⷪC whereas 

a heat pump is most efficiency at 50 ⷪC or below. This used to be a pre-requisite for heat pump installation however 

with technology advancement this is no longer the case.  

They require abundant access to a heat source. This could be an open outdoor area for plenty of air flow, a river or 

lake, or expansive outdoor floor area for heat collection from the ground. 

  

 

  
Figure 2—1 Air Source and Ground Source Heat Pumps 
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2.2 Solar 

There fundamentally two types of solar energy recovery; thermal and power (photovoltaic - PV), both of which can be 

useful when part of a holistic energy system.  

Both types are most useful when positioned on south facing rooves, or oriented to the south using a frame. However 

both can still provide useful energy in other configurations. 

Thermal energy recovered using Solar Thermal can be used directly for heating or hot water generation, or 

increasingly it can be used as a heat source for a heat pump. Power recovered is useful to directly power the heat 

pump, or it can also provide power to the building, when coupled with a battery it can be even more effective., and 

there is opportunity to sell excess electricity back to the grid.  

2.2.1 Solar Thermal Systems 

Solar thermal systems use solar panels, called collectors, fitted to rooves to collect free heat from the sun to heat 

Domestic Hot Water (DHW) in a hot water cylinder via a water/antifreeze mix heating fluid. Domestic solar panels are 

made up of either flat plate collectors or a series of evacuated tubes (see Figure 2—2). A solar thermal system would 

traditionally need a back-up source of thermal energy e.g. an immersion heater or gas boiler, to provide DHW when 

the solar panels cannot function fully e.g. a cloudy winter’s day.  

 

Figure 2—2 Solar thermal system – evacuated tube panels [1] 

2.2.2 Solar PVT  

Photovoltaic thermal hybrid solar collector (PVT) combine photovoltaic solar cells, which convert sunlight into 

electricity, with a solar thermal collector, which transfers the otherwise unused waste heat from the PV module to a 

heat transfer fluid. By combining electricity and heat generation within the same component, these technologies can 

reach a higher overall efficiency than solar PV or solar thermal alone. 

Compared to solar PV and solar thermal, this technology is less common, and its costs are higher than traditional 

systems.  

 

Figure 2—3 Solar PVT panel combining solar PV cells with tubes for thermal heat collection  

 
1 Which? How does solar water heating work? Available at: https://www.which.co.uk/reviews/solar-panels/article/solar-water-

heating/how-does-solar-water-heating-work [accessed on 26/10/18] 

https://www.which.co.uk/reviews/solar-panels/article/solar-water-heating/how-does-solar-water-heating-work
https://www.which.co.uk/reviews/solar-panels/article/solar-water-heating/how-does-solar-water-heating-work
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2.3 Limitations to heat pump installation 

There are a few key limitations regarding heat pump implementation. 

2.3.1 Climate 

The warmer your average air temperature in winter, the more efficient an Air Source Heat Pump (ASHP) will be. An 

average temperature of 5 ⷪC or above means an ASHP can be quite efficient, as this decreases the more favourable 

Ground Source Heat Pumps (GSHP) becomes. In the South West of England the moderate climate makes ASHPs 

competitive.  

2.3.2 Heating Temperatures 

Whilst heat pump technology does exist which can serve heating temperatures of up to 80 ⷪC, in general the lower 

heating temperature the better and the more unit available in the market. There are limitations in readily available 

units which are summarised in Table 2—1. Note, this is not an exhaustive market analysis. 

Table 2—1 Heat Pump Temperature Limitations 

Technology Capacity (kW) Max Heating Temp ( ⷪC ) Example Unit 

ASHP Single units up to ~12 kW 80  Hitachi S80 

 ~12 kW up to 45 kW 60 Dimplex LA25TU 

 ~45 kW to ~150 kW 70  Mitsubishi CAHV 

 150 kW and above 80  Solid Energy AWC60 

GSHP/ WSHP Up to ~30 kW 60 Kensa Twin Compact 

 ~40 kW to ~150 kW 60 Mitsubishi CRHV 

 150 kW and above 80  Solid Energy LWC60 

 

2.3.3 Noise 

Noise is an inevitable concern with ASHP units. A typical commercial scale unit will have a noise emission level of 35-

40 dBA at 10m. This may not be a concern for a remote building with back of house of area, but for a building in a 

relatively dense area this can mean that ASHP units require noise mitigation and this is something that a planning 

application for an ASHP installation should consider.  

2.3.4 Outdoor Space 

Outdoor space is a concern for all heat pump types but particularly GSHP which can require a significant ground area 

available for energy collection. Space benchmarks for each the types are given in Section 3. 
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2.4 Implementation Options 

Generally there are two options to consider when thinking about heat pump implementation in existing buildings. 

These are whether it is more important to minimise capex or to minimise opex.  

2.4.1 Minimised Capital Expenditure 

Where capex is the main driver governing heat pump implementation it is typically best to do the minimum level of 

works to the building to achieve a heating temperature which is compliant with the required technology. This may in 

some cases mean no works to the building, with a straight swap heat pump replacement of the gas boiler. Although in 

most cases a basic level of draught proofing and roof insulation should be explored. This approach will be at the 

expense of some efficiency (10-20%) which would be realised if extensive fabric works were carried out.  

Therefore in most cases if minimum capital expenditure is pursued then a higher operational cost can be expected. 

2.4.2 Minimised Operational Expenditure 

Where minimising operational expenditure is of chief concern, reducing heating temperatures as far as possible should 

be targeted. The three big ways in which this could be achieved is by additional wall insulation, window replacements, 

or emitter  upgrades. The annual efficiency gain can in some cases pay for building improvements in the long run, 

however this may be payback periods of 40 years or more. 

To achieve optimum conditions for minimised operational costs can require significant works beyond the energy 

system only and can cause a challenge to justify on payback alone. 
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3 Building Evaluation – High level toolkit 

This purpose of this section is to provide an owner or occupier with a high level toolkit to self-assess the heat pump 

opportunity at their building. It is not intended to be an exhaustive list of heat pump design criteria, however it should 

enable a building owner to establish an initial idea of how easy it will be to implement a heat pump retrofit.  

1. Ascertain the peak heating capacity of the boilers.  

a. In most cases for a commercial building taking around 80% of the total kW rating of all boilers will 

give a rough estimate of the buildings peak heating demand. For this exercise this can be assumed 

to be the rating of the heat pump required.  

b. Where the boiler capacity is 35 kW and below, and serves hot water directly, it is likely that the 

building can follow domestic guidance for heat pump implementation (see the Microgeneration 

Certification Scheme).  

2. Establish how the buildings hot water is served. 

a. If the building already uses electrified hot water generation then from a capital cost perspective, it is 

likely going to be preferable to keep it that way.  

b. If the building has a hot water storage tank which is fed from the heating system then this is optimal 

for a heat pump.  

c. It the hot water is fed directly from the boilers without an intermediate tank then it will be necessary 

to introduce a hot water storage tank for a heat pump conversion.  

3. Establish which heat pump technology could be feasible. 

a. ASHP are suitable anywhere in the UK however are more efficient where the climate is generally 

warmer. They require a relatively open space and generally have a minimum space requirement of 

~6 m2 per 50 kW of capacity. The space should ideally only have 1 wall along it and be as close as 

possible to the existing boiler location.  

b. GSHP are generally feasible everywhere regardless of climate. They require between 8m2/kW and 30 

m2/kW depending on whether vertical or horizontal ground collectors are used (at capacities of 50 

kW and above). It is preferable to either have no hot water load on a closed loop GSHP system or to 

have a summer cooling load which could also utilise the ground collector, this is in order to give the 

ground time to ‘recharge’ its warmth in the summer months.  

c. Open loop GSHP is generally only suitable where the heating load is 200 kW or above and requires 

at least 2 wells to be drilled a minimum of 70-80m apart. This technology is only suitable where the 

land sits above a primary aquifer, this information can be found by consulting the British Geological 

Survey.  

d. WSHP require access to large body of water, preferably flowing and will never freeze. Space is not 

much of a concern as long as the body of water is accessible through the buildings owners own 

land.  

4. Identify space for ancillaries. 

a. Generally where indoor units are required for heat pumps, they can sit in place of floor standing gas 

boilers as it provides the simplest opportunity to connect into the existing heating system.  

b. It is likely that the system will require a buffer tank, this is necessary to enable the heat pump to 

operate most efficiently. A rule of thumb is 10L of tank capacity per kW of heat pump capacity and a 

500L tank requires an area ~ 1.5m x 1.5m x 2.5m (LWH) in a space close to the existing boiler 

location. Tanks are available in other sizes and dimensions can easily be found online.  
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c. If the building required hot water from the heating system it will require a hot water storage tank. 

Where an existing tank is in place this space can be re-used. Where a tank is required it will require a 

space near the existing boilers, a 300L tank allowance is sensible for a medium commercial property.  

5. Trial lower temperate heating. 

a. Due to oversizing in existing heating system emitters it is often possible to reduce the output 

temperature of boilers with no noticeable effect on occupier comfort. 

b. Most modern boilers are capable of reducing their output temperature according to user inputs.  

c. Over the course of a heating season the occupier should reduce the heating temperature of their 

boilers, with a 60 ⷪC flow temperature being an initial target. Note, this may require a specialist.  

d. If 60 ⷪC does not cause a problem in terms of occupier comfort levels on the coldest of winter days, a 

further trial at 55 ⷪC should be conducted.  

e. Repeat this trial until occupier comfort is affected to establish a minimum possible heating 

temperature.  

f. Note, where hot water storage is used the owner/ occupier should consult a specialist to ensure that 

the hot water remains stored at sufficient temperature through the trial.  

g. If temperatures cannot be achieved in compliance with Table 2—1 then it is likely that a heat pump 

conversion will require emitter replacements throughout the building. This can add significant cost, 

however should not be seen as a deal breaker.  

6. The electrical infrastructure serving the building needs to be sufficient to cope with a heat pump connection. 

a. The owner/ occupier should review their billing information or speak to their utility supplier to 

establish: 

i. Whether the electrical is single phase or 3-phase. Most commercial heat pumps will require 

a 3-phase electrical supply.  

ii. What the contracted maximum supply capacity is for the building. 

iii. What the maximum demand of the building is. 

iv. Take the approximate heat pump capacity form Step 1, divide it by 2 and then add it to the 

maximum demand. If the maximum supply still exceeds this number then the electrical 

capacity should be approximately ok, if the supply is now significantly too small then there 

will be a cost associated with an upgraded supply.  

v. The electricity supplier for the building can likely help with this assessment.  

If there are positive results for all six of these questions, then the building is in a good position for a heat pump 

retrofit. The owner/ occupier can complete the checklist on the next page and use the information to engage a 

contractor. If there appear to be difficulties then it is not a lost cause and the checklist can be used to highlight 

potential difficulties when speaking to a contractor, most problems can be resolved it will just require additional 

capital investment.       
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4  Design and Installation 

This section contains heading which relate to key design considerations when designing, installing, and operating a 

heat pump retrofit, the points under each heading can form specific asks within a brief for a consultant/ contractor. 

4.1 Demand Assessment 

Best practice for any heat pump installation would begin with a heat loss assessment of 

the building in question, this should be completed using a ‘bottom-up’ approach, building 

up an estimation the U-value of the building. This should broadly follow the MCS 

methodology for domestic buildings. The result of this assessment provides a baseline for 

heat pump sizing and the opportunity to review existing heat emitter sizes against specific 

heat losses.  

Where heat metering data is available this can be used to estimate peak demands. 

4.2 Emitters/ Temperatures 

The existing emitters should be reviewed vs the heat load estimated from the 

previous step and the minimum heating  flow temperature at a suitable design 

condition for the environment should be established. If this temperature is above 

60 ⷪⷪC, emitter replacement should be priced and considered to bring the required 

heating temperature to below 60 ⷪC.  

In many cases experimentation can be undertaken in advance of changes e.g. 

running existing heating systems at lower temperatures and checking the ability 

of the system to meet demands. This is best undertaken through winter periods 

where possible. 

4.3 Hot Water (storage and temperatures) 

If the property has a hot water demand which is fed by the heating system, 

it must consequently be fed by the heat  pump system. Best practice would 

be to estimate the hot water demand of the building according the 

occupancy, number and type of hot water outlets. A heat pump system will 

require a hot water storage vessel (tank or heat battery) which should be 

sized to serve this demand, ideally a full day’s demand from a single tank 

but this may be impracticable, however the tank should be as close as 

possible to a day’s demand. The water should be stored at the minimum 

possible temperature (see CIBSE CP1-2020).  

Where heat metering data is available this can be used for estimation of hot 

water demand.  
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4.4 Optimum Heat Pump Sizing 

The heat pump should be sized based upon the peak heat demand from Section 4.1. The 

designer should make a  judgement based on the expected heat profile as to whether 

additional allowance needs to made for charging of the hot water tank, whether the tank can 

be charged in periods of below peak heating demand, or whether it acceptable temporarily 

reduce heat service to charge the hot water tank, assuming the thermal inertia of the building 

will mean no noticeable drop in comfort for that period.  

4.5 Heat pump technology selection 

The choice of heat pump technology must take into account the available 

heat resource, and where more than one is available the owner/ occupier 

should decide their preference in consultation with the designer based on 

capital costs, operational costs, noise impacts and acceptable interruption in 

installation.  

4.6 Solar Integration 

A decision on which solar technology to implement is highly site specific. Best 

practice would be to carry out an energy modelling analysis to determine 

which technology provides the best value for money. This analysis should 

include the sites annual heat demand profile and annual electrical demand 

profile. A site which has a relatively high summer heating load (typically 

domestic hot water) may see the most benefit from a solar thermal installation, 

whereas a site with a consistent electrical load may see the most benefit from 

a PV array. 

Solar PV should in general be sized to minimise export to the grid, unless a reasonable Smart Export Guarantee tariff 

can be secured. Solar thermal will provide more output per m2, however is more expensive, it should be sized to avoid 

over-generating heat.  

Integration of battery storage with PV is a possibility which can be used with over-sized PV to provide electricity 

overnight. The feasibility of this will be a site specific economic calculation. Battery storage is gaining in economic 

competitiveness as more dynamic time of use tariffs are used which have different pricing depending of the time of 

day. This rewards the ability to avoid certain times. 

Generally solar should be installed to be South facing, however this is not a pre-requisite and best practice would be 

to carry out an economic analysis of a potential installation at any orientation.  

4.7 Refrigerants 

Best practice in refrigerant selection would be to select a heat pump which has a low Global 

Warming Potential (GWP)  refrigerant. Refrigerant selection should be in compliance with the 

European F-Gas regulations, which stipulates phase out dates for some of the more damaging 

refrigerants in the market.  
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4.8 Buffering 

Buffer vessels are  volume should be provided in a heat pump system if the 

manufacturer requires it. Best practice  would be to confirm the maximum 

number of start cycles allowed per day for the selected heat pump unit and size 

the buffer volume to accommodate this. The heating system may already have 

sufficient volume and bypass arrangements to act as the buffer storage, this 

should be confirmed before a standalone buffer vessel is selected.  

4.9 Plant Location 

Best practice heat pump and ancillary plant location would be as close as possible 

to the existing boiler plant. This typically allows for the simplest and therefore 

most cost effective connection into the heating system. Any outdoor heat 

exchange equipment should be within the building owners land or the necessary 

legal agreements be made to use another parties land. 

All plant should be positioned in accordance with the manufacturer’s 

recommendations. 

The heat pump must connect to existing heating pipework inside and the outside 

to access your source. 

Is there a space? Space outdoors for the heat abstraction, as close to the existing 

heating plant room as possible. 

Space elsewhere for new plant, particularly required internally may include: 

• Buffer tank 

• Domestic Hot water tanks 

 

4.10 Noise Assessment 

Where an ASHP is to be installed, the unit should be places as far away from any openable 

windows as is possible given the constraints of the site, effort should be made to ensure 

that any noise generated by the unit will not have a detrimental effect on the occupiers of 

the building. Best practice would be to undertake a background noise monitoring survey 

covering the nearest openable windows, and model the noise emissions of the unit to 

ensure that there is no material impact on these noise levels, where there is impact a 

suitable noise mitigation strategy should be proposed.  
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4.11 Drainage 

Where an ASHP is proposed it is important the outdoor unit is provided with a 

suitable drainage solution where  condensate and possibly ice melt is collected and 

drained away. Best practice would be to first establish whether the area for 

installation it already suitable as a soakaway, and where this is not the case a gravity 

fed drainage solution should be provided.  

4.12 Weather Compensation 

Best practice would be to provide a weather compensation solution along with the heat 

pump. The purpose of this is to vary the heating temperature over the year as the peak 

heating temperature (as required by Section 4.2)will typically only be required when it is 

coldest outside. Varying this will enable the heat pump to operate more efficiently over the 

year.  

4.13 Controls 

A suitable plant sequencing strategy should be developed and shared with the 

owner/occupier. The controls solution  implemented should integrate with the existing 

Building Energy Management System (BEMS) and provide sufficient monitoring to enable 

the system to operate automatically year round. All control points should have a data 

logging function to which the owner/occupier of the building has full access. 

4.14 Power Connection 

Any heat pump installation must have sufficient power from the building supply. Best 

practice would be for the  Contractor to contact the utility supplier/DNO once a heat 

pump unit has been selected and confirm with the utility what if any capacity works are 

required.  

Local supplier Western Power Distribution have a dedicated page to outline the 

application process: 

https://www.westernpower.co.uk/connections-landing/guidance-on-connecting-a-new-

ev-charging-point-or-heat-pump 

 

4.15 Commissioning 

During the commissioning and prior to handover and acceptance of the installation. The contractor should propose a 

hand over checklist and evidence the installation. The Heat Pump Association has useful resources which can be used 

can be found on the website:: www.heatpumps.org.uk/resources/ 

https://www.westernpower.co.uk/connections-landing/guidance-on-connecting-a-new-ev-charging-point-or-heat-pump
https://www.westernpower.co.uk/connections-landing/guidance-on-connecting-a-new-ev-charging-point-or-heat-pump
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Appendix A – Heat Pump Self-Assessment Form 

 



Heat Pump Retrofit Owner / Occupier Checklist

1 Existing Heating Technology 

2 Existing Heat Technology Capacity (kW)

3 How is the existing hot water for the building served? (Circle one)

By electrical heaters Via a storage tank Directly from heating technology

4 Preferred Heat Pump Technology

6 Has a suitable outdoor location been found?

7 What is the approximate distance from the outdoor location to the existing heating technology?

8 Has a suitable buffer tank location been found?

9 Where is the buffer tank location?

10 Has a suitable hot water storage tank location been found?

11 Where is the hot water storage tank location?

12 What is the default heating temeperature from the existing technology?

13 Have low temperature heating trials been carried out?

14 Record successful trials

Date Heating temp (oC) Approximate outdoor temp (oC) Notes

15 Is the existing electrical supply three phase or single phase?

16 What is the current conttracted supply capacity? (kVA)

17 What is the maximum demand over the last year? (kVA)

18 Has the current electricity supplier been contacted?

19 If yes, did they provide any comments?

20 What heat emitters does the building currently use?

21 Any other comments?
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