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2.0 ST MICHAEL & ALL ANGELS CHURCH, WITHINGTON 

Overview 

This church in Gloucestershire achieved notoriety in 2010 when it became the first ‘zero-carbon’ 

church in the UK. Dating from the 12th century, the stone building is Grade I listed and its oldest part 

features Transitional Norman to Early Perpendicular architecture, while the original Normal windows 

have all been blocked up. 

Following an analysis of energy demand patterns and efficiency, efficient services and controls were 

installed together with an underground biomass pellet boiler and a PV array hidden behind the 

parapet walls, installed using a bespoke self-weighted system to prevent damage to the roof covering. 

The combination of reduced demand and clean energy generation has resulted in a highly sustainable 

and positively-viewed community building with no impact on aesthetics or historic fabric. 
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2.1 Measures & impacts 

The previous oil-based heating system consumed c.4,000 l/yr, at an annual cost of c.£1,500 in fuel 

bills and c.12,000 kgCO2e. The estimated annual running cost of the replacement biomass system is 

c.£400, with negligible CO2e emissions. Efficiency improvements reduced the electricity load from 

c.2,900 kWh/yr to c.1,800 kWh/yr, and the new PV array is estimated to generate c.2,600 kWh/yr 

resulting in a net annual export of c.800kWh/yr. 

 

Element Measure 

Lighting  CFLs internally & LEDs externally 

Controls  Improving programming of lighting & heating systems 

PV  3.24kWp array1: 24 panels, 24m2 

Biomass  38kW pellet boiler2 

 

2.2 Approach & process 

The starting point for this project was identification and assessment of energy demand and 

efficiencies. A church has considerably different heating & power patterns compared with a domestic 

building: in this case building use was restricted to two church services per week, requiring a total of 7 

hours’ heating and lighting. Lighting was provided by internal spotlights and external floodlights, none 

of which was efficient. 

In line with the energy hierarchy, demand was tackled first, by altering the timings for the lighting 

systems (following consultation with the local community, i.e. the building users): this reduced 

electricity demand by 13%. Replacing the internal spotlights with CFL bulbs resulted in a further 24% 

drop in electricity consumption, with new LED external floodlights predicted to save another 42%. 

These simple measures provided significant benefits, with no impact on the historic fabric or 

appearance of the building. 

To address the source of the electricity, PV was identified as a potentially suitable technology. The 

East-West orientation of the aisle (common in such churches) provided a South-facing roof pitch at an 

angle of 30o, technically ideal for a PV array. Visual issues were negated by the presence of a parapet 

wall on all sides of the roof, hiding any solar panels from ground view, and the installation was 

therefore deemed acceptable for this listed building. The array was sized to optimise the use of free 

roof space and provide more than the predicted electricity load of the building. Installation was 

complicated by the copper-clad roof, through which no penetrations were permitted: a bespoke self-

weighted system was devised, using a ‘roof ladder’ principle to design a simple structural framework, 

while careful and discreet routing allowed the cables to follow the path of the rainwater goods. 

Extensive structural investigations were carried out as part of the design process to ensure there were 

no issues in terms of the roof’s structural capacity. 

                                                      
1 Kyocera. 
2 Fröling P4. 

http://www.kyocerasolar.eu/
https://www.froeling.com/us/products/pellets/p4-pellet.html
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Turning to the heating system, not only was the existing boiler running off carbon-intensive oil, but it 

was being fired daily in order to reduce the chance of breakdowns. Installing a new, efficient boiler 

removed the requirement for extraneous firing, and reduced energy demand by 45%. 

In considering the source of energy for heating, moving away from fossil fuels was an important goal; 

this would also provide the added benefit of removing the oil storage tank, providing more space and 

removing the risks of pollution and theft. Some potential renewable energy systems – a ground 

source heat pump, and connection to an existing biomass plant at an adjacent farm estate – were 

discounted due to clear archaeological issues with groundworks in the churchyard. An on-site biomass 

boiler was therefore identified as the most suitable technology, and due to the low heat demand a 

manually-fed system was deemed viable which removed the need for a large hopper for fuel storage 

(fuel is now provided in 10kg bags). An appropriately-sized pellet boiler was installed in the 

underground plant room: the narrow stairs of this old building and the size and weight of the new 

boiler presented a logistical challenge, which was surmounted by selecting a boiler model capable of 

being partially dismantled. Once installed, the boiler was connected to the existing wet radiator 

distribution system. 

There was an inevitable financial outlay for these works: the boiler installation cost c.£23,000, the PV 

design & installation cost c.£18,000 and the efficiency measures cost c.£500. Annual financial benefits 

are estimated at c.£1,100 for the biomass system, c.£1,190 for the PV (mostly Feed-In Tariff 

payments, augmented by modest fuel bill savings and export tariff income) and c.£125 for the 

efficiency improvements. 

Since completion of the project there have been no documented performance or maintenance issues.  
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2.3 Images 

     

Figs. 1  & 2  The PV array and biomass pellet boiler installed (© Gloucestershire Environmental Trust, Prince’s 

Regeneration Trust) 

 

 

2.4 Further information 

 Coln River Group of Parishes 

 

 

http://www.colnriver.org.uk/Zero4.html

