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Executive Summary 
St George the Martyr, Wash Common is an existing church building, for which a medium- to long-term 
refurbishment programme has been agreed. In addition to the primary goal of achieving zero 
operational carbon emissions and reduced utility bills, improving the internal environment is a key 
consideration. 

There are three main elements to the refurbishment programme:  

a) Building fabric improvements; 
b) Replacement heating system; and 
c) New mechanical ventilation system. 

 
Peter Brett Associates (PBA) were previously provided preliminary advice in connection with these 
elements. From this work three options emerged. 

Table 1 – refurbishment options 

Option Building fabric Mechanical ventilation Heating 
1 Retrofit roof insulation, 

improve air permeability 
New system incorporating 
supply and extract with heat 
recovery  

New system incorporating 
gas-fired boilers and 
radiators 

2 Retrofit roof insulation, 
retrofit floor insulation, 
improve air permeability 

New system incorporating 
supply and extract with heat 
recovery 

New system incorporating 
gas-fired boilers and 
underfloor heating 

3 Retrofit roof insulation, 
retrofit floor insulation, 
improve air permeability 

New system incorporating 
supply and extract with heat 
recovery 

New system incorporating 
ground-source heat pumps 
and underfloor heating 

 
The report reviews these options in more detail, using dynamic simulation modelling (DSM), to 
consider their environmental, technical and economic merits. 

With regard to the building fabric: 

 Roof insulation has already been installed; 
 Floor insulation would be installed with underfloor heating only; and 
 Air permeability is unknown. 

 

Since air permeability has been shown to have a significant impact on heating demand, and could 
affect whether underfloor heating is technically feasible, it is strongly recommended that it is 
determined by testing prior to developing the design of the heating system.  

All three options include mechanical ventilation, which is required to meet good practice in respect of 
fresh air for occupants. A system incorporating variable-volume supply and extract ventilation with 
heat recovery is envisaged. During design development the following would require careful 
consideration: 

 Acoustic performance, as the system would be required to operate during occupancy; 
 Locations of ductwork and terminals, to ensure the air supply is introduced effectively and 

unobtrusively. 
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An  alternative  option  comprising  extract  ventilation  only,  with   ‘make-up’  air  being  drawn   through   the  
building fabric, might also be considered. This would be less intrusive and have lower capital cost, 
though it would be less energy efficient. 

Of the three heating system options one is based on radiators, which are capable of providing high 
levels of heat output and a relatively short response time. However, they are not well suited to heat 
pumps, which generate relatively low-grade  heat,   requiring   the  radiators   to  be   ‘oversized’.  Radiators  
are also more visually intrusive, require periodic cleaning and generate convective currents which 
appear to have caused dust deposits/streaking on the walls. 

The other two options use underfloor heating. Since the heating demand exceeds typical system 
capacity in some zones, supplementary heating, probably radiators, would be required in perimeter 
zones, where heat loss is higher. Since these two emitter types have very different response 
characteristics careful consideration would have to be given to the controls strategy. This is not 
unusual or necessarily complex but should be discussed with the manufacturers of the heat source 
and emitters respectively. 
 
It  should  be  recognised  that,  given  the  building’s high heat loss and high thermal mass, underfloor 
heating is unlikely to be the most efficient type of emitter, particularly for intermittent occupancy, even 
if it does offer other benefits. To pre-heat a building with relatively poor levels of insulation and 
airtightness for a long period (perhaps four hours) and/or maintain a high setback temperature from 
Monday to Friday, so that the building is comfortable for two hours each evening is simply not efficient, 
even if the energy source is ‘free’. Therefore, the more frequent and long the periods of occupancy, 
the stronger the argument in favour of underfloor heating becomes. 
 

Accurately assessing annual energy consumption for the different options is problematic because of 
the characteristics of underfloor heating. If the slow response time is not properly considered, the 
results can be overly optimistic. Our initial comparison assumes that for all three systems the setback 
temperature is 12 °C, but the response time varies, being two hours where the emitters are radiators 
and four hours where underfloor heating is used. In other words, it is assumed that the underfloor 
system needs to run for an additional two hours each time it is used.  

The results in Table 2 show that all options would reduce energy consumption over the baseline, with 
option 3 (GSHPs & underfloor heating) showing the lowest level of energy consumption, carbon 
emissions and energy costs. However, further work with the specialist manufacturer is required to 
better understand appropriate modelling parameters. The preliminary results shown should therefore 
be treated with caution. Once the air permeability, ventilation system and occupancy have been 
determined, the design parameters can be finalised and estimated energy performance revised. 
 
Note also that the results cover energy consumed for heating only, and do not include energy for fans, 
pumps and controls or other ends uses. Energy costs are based on the following rates, taken from 
Energy use and Carbon footprint calc Aug 09: 
 

 For electricity, 9.2 p/kWh plus climate change levy (CCL); 
 For gas, 6.914 p/kWh for the first 587kWh and 3.343 p/kWh for the next 6,273 kWh. 

For options 1 and 2, the church would be exposed to market fluctuations in the price of gas; over the 
medium- to long-term the price is expected to rise significantly due to carbon pricing/taxing and falling 
domestic output. For option 3, which runs on electricity rather than gas, the church is less exposed to 
fuel price variation due to the photovoltaic system installed. This has an annual output of circa 23,000 
kWh, well in excess of the estimated consumption for the heating system. 
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Table 2 – annual energy consumption and carbon emissions for space heating 

Option Fuel Heat 
source 
efficiency 

Preheat 
period (h) 

Annual 
energy 
consume
d (kWh) 

Annual 
carbon 
emission
s (kgCO2) 

Annual 
energy 
cost (£) 

Baseline (run 13) Gas 0.65 2 36,773 7,281 1,250 
Option 1: gas-fired 
boilers & radiators (run 
14) 

Gas 0.91 2 23,051 4,564 792 

Option 2 (run 15): gas-
fired boilers & 
underfloor heating 

Gas 0.91 4 17,187 3,403 596 

Option 3 (run -): 
GSHPs & underfloor 
heating 

Electricity 3.00 4 5,729 2,962 554 

 
Overall, all three options are likely to be technically feasible. Options 1 and 2 do not fit with church’s 
the zero-carbon aspirations. Options 2 and 3 rely on underfloor heating, the efficiency and viability of 
which are strongly affected by the occupancy profile.  
 

In large spaces with low or infrequent occupancy, high-level, high-temperature radiant systems are 
frequently used, for their fast response and energy efficiency. Typically, these systems are gas-fired, 
which is not consistent with the  church’s  vision  for  zero  carbon.  Generally,  electric  systems  tend  not  to  
be favoured due to the cost and carbon intensity of grid electricity. However, given the occupancy 
pattern, the installed, onsite photovoltaic array and the proposed decarbonisation of the grid, perhaps 
an electric radiant system might also be evaluated.  

Finally  the  use  of  biomass  boilers  could  also  be  considered.  These  generate  ‘renewable’  heat  at  a  
much higher temperature than heat pumps, and could be used with radiators to provide a simple, 
‘green’  heating  system  at  relatively  low  capital  cost.  However,  there  is  an  ongoing  requirement  for  a  
fuel supply, exposing the church to market fluctuations in the price of wood chips/pellets; long-term 
contracts are available but these could be linked to the market price for gas. In order to be 
manageable on an on-going basis a bulk fuel storage arrangement (hopper and/or bunker) will be 
required with automatic feed to the boiler and automatic ash clearance, as well as allowing for regular 
delivery of biomass fuel, in chipped or pelleted form. There is potential for any one of these 
components to require attention at a time when the heating is most required, increasing the risk of 
downtime. 
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1 Introduction 
St George the Martyr, Wash Common is an existing church building, for which a medium- to long-term 
refurbishment programme has been agreed. In addition to the primary goal of achieving zero-carbon 
operational emissions and lower utility bills, improving the internal environment is a key consideration. 
There are three main elements to the refurbishment programme:  
 

a) Building fabric improvements; 
b) Replacement heating system; and 
c) New mechanical ventilation system. 

Peter Brett Associates were previously provided preliminary advice in connection with these elements. 
From this work three options emerged. 
 
Table 3 – refurbishment options 
 

Option Building fabric Heating Mechanical ventilation 
1 Retrofit roof insulation, improve 

air permeability 
New system incorporating gas-
fired boilers and radiators 

New system incorporating 
supply and extract with heat 
recovery  

2 Retrofit roof insulation, retrofit 
floor insulation, improve air 
permeability 

New system incorporating gas-
fired boilers and underfloor 
heating 

New system incorporating 
supply and extract with heat 
recovery 

3 Retrofit roof insulation, retrofit 
floor insulation, improve air 
permeability 

New system incorporating 
ground-source heat pumps and 
underfloor heating 

New system incorporating 
supply and extract with heat 
recovery 

 
The purpose of this report is to review these options in more detail, using dynamic simulation 
modelling (DSM), to consider their environmental, technical and economic merits. 

2 Methodology 

2.1 Scope 
The scope of the refurbishment works cover the parts of the building labelled in Figure 1 
 

 
Figure 1: zone diagram 

0.C chancel 
0.C chapel LL 
0.Congregation LL 
0.N new meeting room 
0.N side chapel LL 
0.S side chapel kids play area 
0.S side chapel LL 
0.S room 02 
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2.2 Inputs 
The roof insulation has already been installed. Floor insulation would only be installed with underfloor 
heating.  

A  building’s  air  permeability  is  its  uncontrolled  air  leakage,  which  assists  in  naturally  refreshing  the  air  
within the space but can also result in high levels of heat loss. For a pre-1995 building with unknown 
leakage, CIBSE recommends an air permeability rate of 35 m3/h/m2 at 50 Pa be used for energy 
calculations, such as those used to generate energy performance certificates (EPCs), though this is 
intended to be a conservative assumption. Due to the improvements to the building fabric, the 
airtightness of the building is anticipated to be improved but, without testing, it is difficult to predict to 
what standard. 

Preliminary calculations indicated that both air quality and heating demand are sensitive to changes in 
the air change rate. Therefore a range of air permeability rates has been modelled to better test the 
robustness of each option. 

2.3 Outputs 
Three outputs are key to assessing the options. 

 The CO2 concentration, measured in parts per million (ppm) indicates the air quality in terms 
of fresh air for occupants. 

 The heating load (i.e. the calculated peak demand) affects the sizing and capital cost of the 
heating system. It also affects whether underfloor heating is technically feasible. 

 The annual energy demand affects in-use energy costs, which are key to understanding 
lifecycle costs and payback periods. 

2.4 Calculations 
A  virtual  model  of  the  building  was  built  using  IES’s  <VE>  2012  software,  which  models  energy  inputs  
and outputs over time in relation to hourly weather data. 

 

Figure 2 : image of virtual model 
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3 Ventilation 
The intended purpose of providing mechanical ventilation is twofold: 

a) To provide fresh air for occupants, particularly during periods of high occupancy; and 
b) To mitigate to some degree the existing occurrence of condensation. 

 

3.1 Fresh Air 
We initially considered whether mechanical ventilation was needed for fresh air, given the large 
volume of air enclosed by the building and the likely air leakage rate. CIBSE Guide B states that a CO2 
level of 800-1,000 ppm is indicative of adequate ventilation. The concentration in ambient air is 
approximately 350 ppm. 

CO2 was simulated concentration for the occupied congregation zone, as shown in Figure 1, to a 
height of 1.8 m. Figure 3 shows the occupancy profile used for the simulations. These show the 
varying usage of the building throughout the week, with peak occupancy of 200 people during 
Saturday evening. 

 

Figure 3: occupancy profile 

Internal and external entrance doors were set to open 10 % during the occupied periods, to take 
account of the flow of people in to and out of the church. 

The results in Table 4 show that regardless of air permeability, the recommended CO2 concentration is 
exceeded during occupancy. 

Table 4 – CO2 level summary 

Run 08 09 10 11 07 
air permeability (m3/h/m2 @ 50Pa) 35 25 15 10 7.5 
max CO2 (ppm) 2,794 3,052 3,356 3,526 3,680 
min CO2 (ppm) 392 408 424 435 449 
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Figure 4 shows the annual profile for run 07. This shows that even for relatively low levels of air 
permeability the internal air is refreshed sufficiently to quite quickly achieve a background 
concentration level of below 500 ppm.  
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Figure 4 : CO2 levels in the congregation zone (run 07) 
 

Consideration was given to whether the mechanical ventilation system could be operated only out-of-
hours, as this would allow less onerous acoustic performance to be specified, thereby reducing capital 
cost. It was found that while this strategy worked for most periods of occupancy it was inadequate for 
the peak Saturday evening period. 

Therefore, to meet good practice in respect of fresh air for occupants mechanical ventilation would be 
required. 
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 Figure 5 shows   that,   under   the   ‘worst’   case   scenario   of   an   air   permeability   rate   of   7.5     m3/h/m2 at 
50Pa, a mechanical ventilation rate of 10 l/s/person during occupancy, in accordance with Part F of 
the Building Regulations, is sufficient to maintain CO2 concentration at the recommended level. 
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Figure 5 - run 12 CO2 levels in the congregation area with mechanical ventilation 

 

3.2 Condensation 
The mitigation of the existing condensation problem is the main purpose of neither the proposed 
ventilation system nor this report. However some preliminary calculations have been undertaken to 
assess whether mechanical ventilation would significantly reduce the frequency of occurrence of 
condensation.  
Using an air permeability of 7.5 m3/h/m2 at 50 Pa as the worst case scenario, investigations were 
made into the likelihood of condensation forming. One of the coldest zones, most prone to 
condensation, is at high level in the chapel. When the surface temperature of an internal building 
element falls below the dew point condensation is likely to be formed.  
Four surfaces within the space were selected and a study was performed to assess the frequency of 
occurrence for condensation risk. 
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Figure 6 : surfaces selected for preliminary condensation study 

 
Table 5 – condensation risk (run 07) 
Surface internal ceiling external window external wall internal secondary 

glazing 
Annual period of 
condensation risk 
(h) 

0 4,269 163 1,702 

Annual period of 
condensation risk 
(%) 

0.0 48.7 1.9 19.4 

 
 
The external window was identified as the worst performing surface within the zone. This surface was 
selected for further analysis to assess the impact of varying air permeability rates upon the 
condensation risk. The results in Table 6 show that as the airtightness of the building improves the risk 
of condensation upon internal surfaces increases. 
 
Table 6 – effect of air permeability on condensation risk 
Run 08 09 10 11 07 
Air permeability (m3/h/m2 @ 50Pa) 35 25 15 10 7.5 
Annual period of condensation risk (h) 3,251 3,612 4,025 4,257 4,269 
Annual period of condensation risk (%) 37.1 41.2 45.9 48.6 48.7 

 
 

Again using an air permeability rate of 7.5 m3/h/m2 at 50Pa as the test scenario, the effect of 
mechanical ventilation supplying tempered fresh air at a rate of 10 l/s/person was simulated. The 
results in Table 7 introduction of mechanical ventilation with tempering of the supply air would 
significantly reduce the frequency of occurrence of condensation. 
 
Table 7 – effect of mechanical ventilation on condensation risk (run 12) 
Run 07 12 

Air permeability (m3/h/m2 @ 50 Pa) 7.5 7.5 

Annual period of condensation risk (h) 4,269 1,461 

Annual period of condensation risk (%) 48.7 16.7 

 

external window 

external wall 

internal ceiling 

internal secondary glazing 
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4 Heating System 
The heating loads affect the sizing and capital cost of the heating system, and whether underfloor 
heating is technically feasible. 
 
Preliminary heating load calculations were previously  prepared;;  ‘scheme  B’  as  described  in  Tech note 
1 - Complete Rev A reflects the proposal for retrofitting insulation to the roof and floor but not the 
external walls. The Hevacomp calculations for this option show a steady state heat loss of 51.7 kW. By 
refining the input parameters, we have been able to significantly reduce the loads. 
 

 The calculations were based on gross external area, which is easier to measure/model and 
builds in some contingency, whereas gross internal area is used for more detailed and 
accurate calculations. Since the external walls are very thick (by modern standards), the 
difference between the two measurements (~ 10 %) is greater than might normally be 
expected. 

 The initial proposal was to retrofit lagging in the roof plane,  such  that  the  ‘loft’  zones  would  be  
within the insulation line. Subsequently, insulation was installed in the ceiling plane, thus 
reducing the building volume being treated. 

 Considered has been given to how stratification might be used to reduce the design heating 
loads. The revised calculations allow only for conditioning the occupied zone to 1.8 m high, i.e. 
no  attempt  is  made  to  maintain  design  temperature  above  occupants’  heads. 

Our revised calculations address these issues and show a significant reduction in overall peak heating 
load, to around 20-24 kW, depending on air permeability. However, though underfloor heating would 
facilitate the stratification assumed in the model, under the radiator option the convective currents 
driving heat to high level would in practice make it difficult to achieve. We have therefore applied a 
nominal factor of 1.5 to the revised loads, so that they are likely to be robust regardless of emitter. 
(This factor is for the purpose of sizing the heating system and has no effect on the energy 
consumption calculations.) 
 
Table 8 shows the calculated steady-state heat loss, with the factor applied for various air permeability 
rates. The results include neither a design margin (typically 10 %) nor a pre-heat margin, which is 
needed to bring the internal temperature from the setback temperature for frost protection to the 
design temperature in a reasonably short period of time. Appropriate margins for an underfloor heating 
system should be discussed with the manufacturer. 
 
Table 8 – total heating loads for different air permeability rates 
 

run 02 03 04 05 06 
air permeability (m3/h/m2 @ 50Pa) 35 25 15 10 7.5 
peak heating load (kW) 35.8 33.0 30.4 29.1 28.1 
 
The output of underfloor heating systems is typically limited to circa 60 W/m². Table 9 shows the 
varying demand between the zones, for the different air permeability rates. 
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Table 9 – heating loads by zone for different air permeability rates 
 

run 02 03 04 05 06 
air permeability (m3/h/m2 @ 50Pa) 35 25 15 10 7.5 
zone heating load (W/m2) 
0.C chancel 59 54 50 48 46 
0.C chapel LL 48 44 40 38 37 
0.Congregation LL 57 53 49 47 45 
0.N new meeting room 197 184 171 165 160 
0.N side chapel LL 60 55 51 49 47 
0.S side chapel kids play area 132 119 106 100 96 
0.S side chapel LL 52 48 44 42 40 
0.S room 02 94 88 81 79 76 
 
The results show that the technical feasibility of underfloor heating improves as air permeability is 
reduced. However, in some perimeter zones where there is higher conductive heat loss, it is highly 
unlikely that an underfloor system would provide adequate heating. Therefore supplementary heating, 
such as radiators, would be required.  Since these two emitter types have very different response 
characteristics careful consideration would have to be given to the controls strategy.  This is not 
unusual or necessarily complex but should be discussed with the manufacturers of the heat source 
and emitters respectively. 
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5 Energy Consumption 
The existing building was modelled to form a baseline against which the options can be compared. 
The annual utility bills (Energy use and Carbon footprint calc Aug 09) show much lower levels of 
energy consumption than the DSM calculations for the baseline scenario. 
 
Therefore, to avoid hugely overestimating the potential savings, a factor, the ratio of real (i.e. billed) to 
simulated consumption, was applied to the simulated results. Even this is likely to result in some 
overestimation, as the modelled consumption makes no allowance in respect of domestic hot water or 
heating the annex. 
 
Accurately calculating annual energy consumption for the different options is problematic because of 
the characteristics of underfloor heating. If the slow response time is not properly considered, the 
results can be overly optimistic. Our initial comparison assumes that for all three systems the setback 
temperature (for frost protection) is 12 °C, but the response time varies, being two hours where the 
emitters are radiators and four hours where underfloor heating is used. In other words, it is assumed 
that the underfloor system needs to run for an additional two hours each time it is used.  
 
The results in Table 10 show that all options would reduce energy consumption over the baseline, with 
option 3 (GSHPs & underfloor heating) showing the lowest level of energy consumption, carbon 
emissions and energy costs. However, further work with the specialist manufacturer is required to 
better understand appropriate modelling parameters. The preliminary results shown should therefore 
be treated with caution.  
 
Note also that the results cover energy consumed for heating only, and do not include energy for fans, 
pumps and controls or other end uses.  Energy costs are based on the following rates, taken from 
Energy use and Carbon footprint calc Aug 09: 
 

 For electricity, 9.2 p/kWh plus climate change levy (CCL); 
 For gas, 6.914 p/kWh for the first 587kWh and 3.343 p/kWh for the next 6,273 kWh. 

 
For options 1 and 2, the church would be exposed to market fluctuations in the price of gas; over the 
medium- to long-term the price is expected to rise significantly due to carbon pricing/taxing and falling 
domestic output. For option 3, which runs on electricity rather than gas, the church is less exposed to 
fuel price variation due to the photovoltaic system installed. This has an annual output of circa 23,000 
kWh, well in excess of the estimated consumption for the heating system. 
 
Table 10 – annual energy consumption and carbon emissions for space heating 
 

Option Fuel Heat 
source 
efficiency 

Preheat 
period (h) 

Annual 
energy 
consumed 
(kWh) 

Annual 
carbon 
emissions 
(kgCO2) 

Annual 
energy 
cost (£) 

Baseline (run 13) Gas 0.65 2 36,773 7,281 1,250 
Option 1: gas-fired boilers 
& radiators (run 14) 

Gas 0.91 2 23,051 4,564 792 

Option 2 (run 15): gas-
fired boilers & underfloor 
heating 

Gas 0.91 4 17,187 3,403 596 

Option 3 (run -): GSHPs & 
underfloor heating 

Electricity 3.00 4 5,729 2,962 554 
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6 Conclusion 
Since air permeability has been shown to have a significant impact on heating demand, and could 
affect whether underfloor heating is technically feasible, it is strongly recommended that it is 
determined by testing prior to developing the design of the heating system. The test should be 
undertaken by a reputable company that is a member of ATTMA, in accordance with best practice. 
 
All three options include mechanical ventilation, which is required to meet good practice in respect of 
fresh air for occupants. A system incorporating variable-volume supply and extract ventilation with 
heat recovery is envisaged. During design development the following would require careful 
consideration: 
 

 Acoustic performance, as the system would be required to operate during occupancy; 
 Locations of ductwork and terminals, to ensure the air supply is introduced effectively and 

unobtrusively. 

An alternative  option  comprising  extract  ventilation  only,  with  ‘make-up’  air  being  drawn  through  the  
building fabric, might also be considered. This would be less intrusive and have lower capital cost, 
though it would be less energy efficient. 
 
Of the three heating system options one is based on radiators, which are capable of providing high 
levels of heat output and a relatively short response time. However, they are not well suited to heat 
pumps, which generate relatively low-grade  heat,  requiring  the  radiators  to  be  ‘oversized’.  Radiators  
are also more visually intrusive, require periodic cleaning and generate convective currents which 
appear to have caused dust deposits/streaking on the walls. 
 
The other two options use underfloor heating. Since the heating demand exceeds typical system 
capacity in some zones, supplementary heating, probably radiators, would be required in perimeter 
zones, where heat loss is higher. Since these two emitter types have very different response 
characteristics careful consideration would have to be given to the controls strategy. This is not 
unusual or necessarily complex but should be discussed with the manufacturers of the heat source 
and emitters respectively. 
 
It  should  be  recognised  that,  given  the  building’s high heat loss and high thermal mass, underfloor 
heating is unlikely to be the most efficient type of emitter, particularly for intermittent occupancy, even 
if it does offer other benefits. To pre-heat a building with relatively poor levels of insulation and 
airtightness for a long period (perhaps four hours) and/or maintain a high setback temperature from 
Monday to Friday, so that the building is comfortable for two hours each evening is simply not efficient, 
even if the energy source is ‘free’. Therefore, the more frequent and long the periods of occupancy, 
the stronger the argument in favour of underfloor heating becomes. 
 
The energy modelling shows that all three options would reduce energy consumption over the 
baseline, with option 3 (GSHPs & underfloor heating) showing the lowest level of energy consumption 
and carbon emissions. However, further work with the specialist manufacturer is required to better 
understand appropriate modelling parameters. The preliminary results shown should therefore be 
treated with caution.  Once the air permeability, ventilation system and occupancy have been 
determined, the design parameters can be finalised and estimated energy performance revised. 
 
Overall, all three options are likely to be technically feasible. Options 1 and 2 do not fit with the 
church’s  zero-carbon aspirations. Options 2 and 3 rely on underfloor heating, the efficiency and 
viability of which are strongly affected by the occupancy profile.  
 
In large spaces with low or infrequent occupancy, high-level, high-temperature radiant systems are 
frequently used, for their fast response and energy efficiency. Typically, these systems are gas-fired, 
which  is  not  consistent  with  the  church’s  vision  for  zero  carbon.  Generally,  electric  systems  tend  not  to  
be favoured due to the cost and carbon intensity of grid electricity. However, given the occupancy 
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pattern, the installed, photovoltaic array and the proposed decarbonisation of the grid, perhaps an 
electric radiant system might also be evaluated.  
 
Finally the use of biomass boilers could also be considered.  These  generate  ‘renewable’  heat  at  a  
much higher temperature than heat pumps, and could be used with radiators to provide a simple, 
‘green’  heating  system  at  relatively  low  capital  cost.  However,  there  is  an  ongoing  requirement  for  a  
fuel supply, exposing the church to market fluctuations in the price of wood chips/pellets; long-term 
contracts are available but these could be linked to the market price for gas. In order to be 
manageable on an on-going basis a bulk fuel storage arrangement (hopper and/or bunker) will be 
required with automatic feed to the boiler and automatic ash clearance, as well as allowing for regular 
delivery of biomass fuel, in chipped or pelleted form. There is potential for any one of these 
components to require attention at a time when the heating is most required, increasing the risk of 
downtime. 
 

 


