Peterborough DAC

Renewable Energy and Energy Efficiency in Churches 2: Applications

Guidance Note  
This Guidance Note is a companion note to Renewable energy and Energy Efficiency in Churches 1: Systems, which introduces the variety of commercial energy generating systems now available in this field.

The intention of this Guidance note is to help PCCs consider where and how such technologies can be applied in their own situations.

Heating and hot water

1. Biomass Boilers

Biomass boilers generate hot water in the same way as conventional fossil fuel boilers and may therefore be used in much the same way with respect to boiler temperatures and pressures.  Because they have a live fire within the combustion chamber, which cannot be turned on and off like a gas-fired boiler, they require a heat sink in which to dissipate excess heat when the demand is no longer there.  It is therefore usual to combine biomass boilers with an accumulator, or buffer tank, which absorbs the energy from the biomass boiler and firing of the biomass boiler is controlled by the rate at which energy is taken from the buffer tank.

The use of a buffer tank also allows the biomass boiler to be sized according to the maximum heating load which might be expected for, say 90% of the heating season, with the remainder of the heat load during peak demand times being met from the buffer tank.

Biomass boilers require good fuel access.  For most applications where road access to the boiler plant is available, wood chip will always be the preferred fuel, as it is the most readily available and represents the cheapest cost per kW h generated.  Wood chip, at £70 per tonne delivered, equates to a cost of around 2p/kWh, which is considerably cheaper than gas or other fuels.  Where direct road access is not possible, as in some inner city locations, wood pellets are the most common fuel used, as these can be blown into a fuel silo from up to 30 metres.  These are technically easier to use than wood chip and take up only around 25% of the storage space needed for wood chip for the same energy output, but at approximately twice the price, equate to a cost of 4p/kWh, which is similar to fossil fuel prices.

Other fuels are possible, such as miscanthus or oil seed rape cakes, and boilers are available which are capable of being adapted to different fuels, but care should be taken in considering such flexibility as it adds to the cost of the plant and conversion from one fuel to another will normally require recommissioning.

Biomass boilers require a conventional chimney flue, which can either be a simple stainless steel flue taken through the roof, or connected into an existing brick chimney, as long as it complies with statutory requirements.

2. Heat Pumps

Heat pumps are essentially air conditioning units working in reverse, such that heat is extracted from a source and delivered into a controlled space, rather than heat being extracted from a controlled space and rejected into the atmosphere.  The usual variants of heat pumps are:

· Air to air

· Ground to air (geothermal)

· Water to air

In each case, low grade heat is extracted from the source used and “compressed” to useful temperatures for heating and hot water.  Until recently heat pumps were not capable of producing water temperatures much above 50 degrees C, which meant they could only be used for conventional radiator systems with very large radiators, although they were ideal for underfloor heating systems, where lower water temperatures are a requirement.  Improvements have been made, but care should be taken when selecting equipment which claims much higher temperatures to ensure that these are not achieved with supplementary electric heating.

Heat pumps are used to power the compressor and the efficiency of Coefficient of Performance (CoP) is described as the amount of heat produced by a machine in kW for every kW of power required.  Because the performance of these machines varies with the temperature of the energy source, these CoPs can also vary.  Ground source and water source heat pumps take their energy at a fairly consistent temperature throughout the year and so CoPs vary only slightly compared with air source heat pumps, where the air temperature can vary much more.  Typically, ground source heat pumps have a CoP around 4.0, whereas air source heat pumps can be less that 1.0 on very cold days.  As maximum heating requirements occur at the coldest times, this can be very detrimental, with the machine producing energy at less than normal tariff electricity prices.

As electricity prices are now (2009) greater than 10p/kWh, it can be seen that air source heat pumps are expensive to run on cold days.  Even when running at their most efficient, the CoPs are usually no more than 3.5, which still produces heat at similar costs to fossil fuels such as gas and oil.  Air source heat pumps are accepted by Building Control Officers as helping to meet Part L requirements, but in reality are a poor solution to energy reduction.  In addition, all heat pumps use electricity as their driving force, which means that carbon savings, even with high CoPs are lower than biomass boilers.  In considering air source heat pumps, particular care should be taken to check the seasonal CoP of machines and the annual operating costs and carbon emissions against other systems, such as biomass boilers.

Another aspect to consider with air source heat pumps is the visual intrusion which they create, especially in and around listed buildings, as many churches are.  

Where ground source heat pumps are considered, the space for external pipework needs to be thought about.  Where horizontal pipework is used, approximately 10 metres of pipework is laid for every kW of heat extracted.  It should also be remembered that this land is virtually unusable for landscaping because the depth of pipes, at around 1 metre, precludes any future landscaping other than for grazing or lawn.
3. Combined heat and power (CHP)

Combined Heat and Power systems are commonly run using oil or gas as the prime energy source.  Although these are an expensive method of generating electricity compared with grid prices. The heat recovery can make them useful for some applications.  To achieve the most efficient systems, all heat recovered by this method needs to be used and this requires constant heat demands, which is not normally the case with church buildings.  Where a centre is in regular use, however, it may be worthwhile exploring this option.

The amount of heat produced for every kW of electricity generated varies considerably, with some machines providing ratios of 1.6:1.0 and others as much as 5.0:1.0.  Most stand alone buildings such as churches are unlikely to be suitable for CHP plant unless cooling is required, or a carbon saving exercise is being considered.
4. Solar thermal

Solar thermal panels generate hot water at sufficiently high temperatures to operate heating and hot water systems.  However, because the output is variable in the UK, they need to be connected into some form of storage system.  This can take the form of a conventional hot water cylinder, or a buffer tank which can be used in conjunction with other forms of renewable energy.  Whilst the energy produced is totally carbon free, the cost savings are modest, with a payback period reckoned at around 30 years, which exceeds the life of the units themselves.  Where costs alone are not the driving factor, a solar panel can be a simple and easy part of a renewable energy system connected into a buffer tank in conjunction with a biomass boiler or heat pump.

Lighting and power

1. Photovoltaic cells

Installation costs are high for this technology and need to be considered in the design of the building.  Without significant grant aid, such a system is hard to justify on cost grounds on present efficiencies and installed costs.

2. CHP

The value of CHP systems is as a total energy provided rather than as a system for reducing carbon emissions unless the prime fuel is biomass.

Where these machines are provided, the electrical supply will be used in just the same manner as a grid provided supply.  If CHP machines are used in conjunction with a grid supply and form only part of the load, accurate monitoring of the energy supplies from the CHP machine is desirable, to check at what point the total energy provided, both as heat and power, is cost effective, or meets carbon saving requirements.

3. Wind turbines and microhydro systems

Wind turbines and microhydro systems are unlikely to be suitable for church buildings.

General comments on applications

Any change to the external appearance of a church building will require planning permission and consideration should be given to the visual impact of any proposed change, especially in the case of listed buildings.  

Cost of installation alone should not be the deciding factor in choosing any given solution, since often renewable energy sources are not cost effective with the present technologies, although these will undoubtedly improve.  The running costs of biomass systems are lower than conventional fossil fuel systems and a whole life costing will generally demonstrate significant savings for biomass systems, even if the initial costs are high.  As fossil fuel costs are likely to increase at a greater rate than biomass prices, the long term savings can only improve.
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