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Guidance Note 

It is important that churches do whatever they can to minimise their expenditure on energy consumption and their impact on the environment.   Many churches have already made some progress in this field and are increasingly keen to look at ways of achieving a level of comfort in their building through the application of renewable energy and improved efficiency.  
This Guidance Note offers a brief guide to the range of renewable energies now commercially available.  A companion guidance note,  Renewable Energy and Energy Efficiency in Churches 2: Applications, is aimed at helping PCCs to consider where and how such technologies might be applied in their own situation.
What is renewable energy?

Renewable energy should not be confused with energy efficiency.  Renewable energy is the supply of energy to buildings in the form of heat and electricity from sources which are not depleting the limited resources of the earth.  The best known sources are, of course, solar power, wind energy and water power, but also include energy from organic material, where new crops can be grown to replace those used in energy production.  It can also include the production of energy from digester systems, using many forms of waste materials or specially grown material, where the decomposition of organic products produces methane, which is used to power boilers or electricity generation systems.
Renewable energy does not include systems which can be more energy efficient than conventional systems, but which still use fossil fuels e.g. heat pumps, combined heat and power systems (CHP), rainwater harvesting and grey water re-cycling.

Renewable energy options

1. Biomass Heating
Biomass systems use renewable and commercially available fuel sources, such as timber, straw and specialist grasses.  The way in which these fuel sources are harvested and prepared before use vary, as do the efficiencies of each type of fuel and they need to be considered very specifically in each case.

All grow naturally and absorb carbon dioxide during their normal life cycle, so that when burned as fuel, they give off only that amount of carbon dioxide that has been absorbed during their lifetime and are hence carbon neutral.

The fuels used should ideally be those that can be sourced locally in order to reduce transport costs.  In some cases, these can be waste products, such as straw and wood, or they can be grown and harvested in sufficient quantities to meet demand, in the form of reeds or specialist grasses, for example.
Modern biomass boilers are highly efficient (around 92% when operating on good fuel), which is generally far higher than commercial gas or oil fired plant of similar output.  They have a longer life expectancy than comparable fossil fuel boilers and usually need little maintenance other than ash removal.  The ash removal can be automated into suitably sized bins and, since the ash has a high potassium content, it is a useful fertilizer.

Boilers do need fuel storage areas, with good road access, allowing for fuel deliveries from tipper trailers.  The size of fuel storage area needed depends on the space available and the frequency of fuel deliveries.

2. Solar energy
All sources of energy on Earth originate from the sun – fossil fuels are derived from extinct life forms once energised by the sun; renewables such as wind and wave power result from the sun’s radiation driving climate forces.  It therefore makes sense to use the sun’s energy in the most direct way possible, thereby reducing the losses of energy in conversion to other forms and avoiding the production of harmful pollutants as well.
Solar thermal (solar panel) collectors need not be an additional element to roof construction, but can form a construction material themselves.  Used for incline planes of 30 degrees or more and even in arches, they leave a lot of design possibilities for architects.  The solar roof can be mounted on several types of substructure e.g. concrete, framework, lath.

The solar energy heats a liquid solution of water/glycol circulating in the collector plates and is transferred to a conventional heat exchanger integrated in the tank/boiler located in the building.  Conventional heating systems can be connected to this tank.
Solar Voltaic Cells convert energy from daylight into useful low voltage electricity.  Because energy loads within buildings fluctuate, it may be possible for the amount of energy generated through the cells to exceed demand required on site.  It is common to arrange an agreement with a local supplier for all the energy supplied to be sent to the grid and credited to the supplier at realistic prices, usually the same as those charged by the supply authority to the tenant.

Photovoltaic cells are not cheap, however, and because the number required to provide realistic amounts of energy are quite high, they normally need to be built into the overall building design to make them viable.

3. Wind Turbines

Electricity produced by wind generators can be used directly or it can be stored in batteries.  Wind turbines can be used alone, or they may be used as part of a hybrid system, in which their output is combined with that of solar panels and/or a fossil fuel generator.  Hybrid systems are especially useful for winter back-up, where cloudy and windy conditions coincide.  

The generator can be connected to the grid, providing electricity to the community when not used by the owner.  Wind turbines produce no pollution and therefore can offset pollution that would have been caused by the power utility company.
The most important decision when considering wind power is, of course, determining whether or not the chosen site has enough wind to generate the power required, whether it is available consistently and throughout the year.

Turbulence, which reduces the performance of wind turbines, is at its highest close to the ground.  Wind speed also increases with height above the ground.  It is therefore necessary to mount wind turbines on a tower which carries the turbine clear of any nearby obstacles – a 250 watt turbine is often, for example, installed on a 9 – 15 metre tower, while a 10kW turbine will usually need a tower of between 25 and 36 metres.

UK legislation allows a wind generator user to interconnect to a property to reduce the consumption of utility supplied electricity.  The same legislation requires Utilities to purchase any excess electricity production at a price, usually below the retail cost of electricity.  When the turbine is not operating or is not putting out as much electricity as the user needs, the additional electricity is supplied by the utility.  Likewise, if the turbine puts out more power than is needed, the excess is instantaneously “sold” to the utility.
4. Micro Hydro Systems

Micro hydro systems use water power as the source of generating electricity.  This requires a body of fast flowing water or a weir/dam to create a difference in water levels.  The amount of electricity generated is dependent upon the speed at which the turbine is rotated.
An alternative to direct flowing systems is the use of tidal energy, where large areas of land are flooded regularly and the flow of water in both directions is channelled through controlled apertures into which the turbines are inserted.

Energy efficient systems

1. Heat pumps

This is the generic term given to a range of technologies, which convert virtually unlimited quantities of low grade energy in the atmosphere or the surrounding environment, into high grade energy suitable for use in heating systems.  Therefore “air to water” heat pumps take energy from the air and use it to heat water, whereas “ground to water” heat pumps take energy from pipes buried in the ground and heat water to a level suitable for heating buildings.
The machines work on the reverse principle to air conditioning units, in that instead of taking heat from a space and rejecting that into the atmosphere, they take energy from the atmosphere or the ground and reject that into the space.

The machines use fluids which have a boiling point below 0 degrees C, so that there is sufficient energy in the environment, even at low temperatures, to boil the refrigerant and create the heating process.

The efficiency of the machines is called the “Coefficient of Performance” (CoP) and is the energy output of the machine, divided by the electrical energy required to operate it.  

Typically, ground source heat pumps have a CoP of 4.0, which means that for every kW of electrical motor power used, 4kW of heat are produced.  This means that running costs are 25% of a normal electrical system, making them slightly cheaper than oil or gas to operate.

Pipework for these systems can be laid horizontally or vertically (more expensive), depending on space available.  Where boreholes are required, then test holes are needed to assess the thermal characteristics of the ground and to confirm the number of boreholes required.

Air source heat pumps have variable CoPs because of the variations in ambient air temperature and can vary from around 3.0 to as little as 1.0.
These systems are less complicated, but as their output is directly related to external air temperatures, they are less effective as it gets colder.  They can be useful when air conditioning is required, being used for cooling in the summer and heating in the winter.

2. CHP (Combined heat and power) Systems

CHP systems operate by producing electricity by conventional methods and reclaiming most of the heat in the exhaust gases, where much of the energy used is lost.  This is attractive in theory but to be useful demands that the reclaimed heat is needed all the time, which is rarely the case, since buildings typically do not need heating all year round.  If the reclaimed heat is unused, the system becomes a very expensive way of producing electricity, because of the cost of the equipment.

CHP therefore works best where there is a constant demand for the waste heat, such as can be found in Sports Centres.

3. Rainwater harvesting
Rainwater recycling, or harvesting, is a simple way of reducing water consumption.  A filter unit is installed into a conventional rainwater downpipe.  This collects up to 90% of the rainwater passing through the downpipe and the filter incorporates devices to prevent leaves and other debris passing through.  The water is then taken into a storage tank, normally located underground, from where it is pumped to serve all devices on the premises which can operate on non-potable water, including toilets, washing machines and gardening.

The tank needs to be dark to reduce the possibility of algal or bacterial growth.  A mains water back-up is normally installed to cover periods when the stored water is exhausted when a demand is required.

Rainwater harvesting systems should not be linked with grey water recycling (see below), which requires chemical treatment before recycling.

4. Grey Water Recycling

Grey water recycling collects water from all household waste systems except toilets, treats it chemically, discharges the waste products to sewage mains and recycles the treated water for use in toilets or for gardening uses.  It is normally treated with a coloured dye to distinguish it from normal mains water and to avoid cross connection between the two.

The system requires duplicate plumbing systems if it is to be used inside buildings.
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