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How to use this book



Throughout this book you will see the following features:


INDUSTRY TIPS and KEY FACTS are particularly useful pieces of advice that can assist you in your workplace or help you remember something important.




KEY FACT


The internal angles of a right-angled triangle always add up to 180°.







INDUSTRY TIP


Remember, when you are carrying out your practical tasks either in the workplace or your place of learning, everyone, including you, is responsible for safety.







KEY TERM


SI units: The units of measurement adopted for international use by the Système International d’Unités.





KEY TERMS in bold purple in the text are explained in the margin to aid your understanding. (They are also explained in the Glossary at the back of the book.)




HEALTH AND SAFETY


An ammeter has a very low internal resistance and must never be connected across the supply.





HEALTH AND SAFETY boxes flag important points to keep yourself, colleagues and clients safe in the workplace. They also link to sections in the health and safety chapter in Book 1 for you to recap learning.




ACTIVITY


A wall measures 6 cm on a 1:50 scale drawing. What is the true length of the wall?





ACTIVITIES help to test your understanding and learn from your colleagues’ experiences.




VALUES AND BEHAVIOURS


Remember to consider how any work might disrupt the client and make sure you communicate this clearly before commencing work.





VALUES AND BEHAVIOURS boxes provide hints and tips on good practice in the workplace.


[image: ]  IMPROVE YOUR MATHS items combine improving your understanding of electrical installations with practising or improving your maths skills.


[image: ]  IMPROVE YOUR ENGLISH items combine improving your understanding of electrical installations with practising or improving your English skills.


At the end of each chapter there are some TEST YOUR KNOWLEDGE questions and PRACTICAL TASKS. These are designed to identify any areas where you might need further training or revision. Answers to the questions are at the back of the book.










CHAPTER 1


ENVIRONMENTAL TECHNOLOGIES




INTRODUCTION


A large number of scientific studies show that climate change is causing more frequent and more extreme weather events around our planet and CO2 emissions are a clear contributor towards this.


The use of energy storage and generating systems, as well as renewable technologies, will help to minimise climate change or its effects by reducing emissions.


The construction industry is already going some way to reduce emissions but needs to further promote and utilise these technologies in buildings.


Much of the decline in harmful emissions is due to new technologies used in building materials, insulation and renewable energy sources. When working in the electrotechnical sector, you are very likely to come across these technologies. This chapter is intended to explain how they work.





HOW THIS CHAPTER IS ORGANISED


This chapter is divided up into four sections, each one detailing a type of environmental technology system.




INDUSTRY TIP


The Office for National Statistics’ website updates figures on CO2 emissions every year. Visit their website to obtain the most current statistics.







[image: Infographic shows the details of the types of environmental technology systems covered in chapter one.]

▲  Figure 1.1 The environmental technology systems covered in this chapter






This approach will help you to understand the working principles of each system and how they impact on the installation requirements and the regulatory requirements. The advantages and disadvantages of each technology system are also described.


Note that, for those studying the 2366 Level 3 Technical Occupational Entry in Electrical Installations (Diploma) course, you will be formally assessed on your knowledge of environmental technologies as part of the 2366 certification.


For those studying:




	●  5357 Electrical Qualification (installation or maintenance) (Apprenticeship)



	●  8202 Level 3 Advanced Technical Diploma in Electrical Installation



	●  8710-353 Electrotechnical Engineering Specialism






you will not be formally assessed, but this chapter offers useful information because, in the future, you may be expected to install or advise on environmental technologies.


For those studying 8710 T Level Technical Qualification in Building Services Engineering for Construction, this chapter will help with the core unit content (350), especially Topic 5.10 within Outcome 5.


▼  Table 1.1 Chapter 1 assessment criteria coverage






















	

Topic




	

5357




	

2366




	

8202




	

5393-104/004









	

Regulatory requirements relating to micro-renewable energy and water conservation technologies




	

	

	

	






	

Heat-producing micro-renewable energy technologies




	

	

	

	






	

Electricity-producing micro-renewable energy technologies




	

	

301.1.2.1




	

	

4.4; 7.3









	

Micro-combined heat and power




	

	

301.1.2.1




	

	






	

Water conservation technologies




	

	

	

	









REGULATORY REQUIREMENTS RELATING TO MICRO-RENEWABLE ENERGY AND WATER CONSERVATION TECHNOLOGIES


It is important to have knowledge of the planning requirements and building regulations for each technology. This section:




	●  explains the terminology used



	●  provides insight into the workings of both the planning requirements and building regulations



	●  explains the differences in planning regulations across different regions of the UK.








T Level mapping grids are available on the Hachette Learning website. These map the book to the occupational specialisms: 8710-353 (Electrotechnical Engineering) and 8710-352 (Electrical and Electronic Equipment Engineering).






Planning and permitted development


In general, under the Town and Country Planning Act 1990, before any building work that increases the size of a building is carried out, a planning application must be submitted to the local authority. A certain amount of building work is, however, allowed without the need for a planning application. This is known as permitted development.




KEY TERM


Permitted development: Allows certain projects or building work to be carried out without the need for planning permission.





Permitted development usually comes with criteria that must be met. When building an extension, for example, it may be possible to do so under permitted development, if the extension is under a certain size, is a certain distance away from the boundary of the property and is not at the front of the property. If the extension does not meet these criteria, then a full planning application must be made.


Permitted development is intended to ease the burden placed on local authorities and to smooth the process for the builder or installer. Permitted development exists for renewable technologies, and this chapter outlines the situations where it applies.


Building Regulations


The Climate Change and Sustainable Energy Act 2006 brought microgeneration under the requirements of the Building Regulations.




KEY TERM


Microgeneration: The small-scale generation of heat or electric power by individuals, small businesses and communities to meet their own needs, as alternatives or in addition to traditional, centralised, grid-connected power, such as power stations.







INDUSTRY TIP


For more information on what is allowed as permitted development in a typical domestic dwelling, search for the planning portal (England and Wales) or Planning Portal NI (Northern Ireland) or ePlanning Scotland.





Even if a planning application is not required because the installation meets the criteria for permitted development, there is still a requirement to comply with the relevant Building Regulations. Local Authority Building Control (LABC) is the body responsible for checking that Building Regulations have been met. The person carrying out the building work is responsible for ensuring that approval is obtained.


Building Regulations are statutory instruments that seek to ensure that the policies and requirements of the relevant legislation are complied with. The Building Regulations themselves are rather brief and, in England, are currently divided into 18 sections, each of which is accompanied by an Approved Document. The Approved Documents are non-statutory and give guidelines on how to comply with the statutory requirements.




INDUSTRY TIP


You can research the Climate Change and Sustainable Energy Act 2006.





The 19 parts of the Building Regulations in England are:




	●  Part A Structure



	●  Part B Fire safety



	●  Part C Site preparation and resistance to contaminates and moisture



	●  Part D Toxic substances



	●  Part E Resistance to the passage of sound



	●  Part F Ventilation



	●  Part G Sanitation, hot-water safety and water efficiency



	●  Part H Drainage and waste disposal



	●  Part J Combustion appliances and fuel-storage systems



	●  Part K Protection from falling, collision and impact



	●  Part L Conservation of fuel and power



	●  Part M Access to and use of buildings



	●  Part O Overheating



	●  Part P Electrical safety



	●  Part Q Security in dwellings 



	●  Part R High-speed electronic communications networks



	●  Part S Infrastructure for charging electric vehicles



	●  Part T Toilet accommodation



	●  Document 7 Materials and workmanship.






Compliance with Building Regulations is required when installing renewable technologies. Not all of the Building Regulations will be applicable, however, and different technologies will have to comply with different Building Regulations. The Building Regulations applicable to each technology are indicated in this chapter.


HEAT-PRODUCING MICRO-RENEWABLE ENERGY TECHNOLOGIES


Some technologies produce heat using natural energy sources, such as the Sun or energy from the ground, as an alternative to burning gas or oil or using electricity.


Solar thermal (hot-water) systems


A solar thermal hot-water system uses solar radiation to heat water, directly or indirectly.


Working principles


The key components of a solar thermal hot-water system are:




	●  a solar thermal collector



	●  a differential temperature controller



	●  a circulating pump



	●  a hot-water storage cylinder



	●  an auxiliary heat source.








ACTIVITY


What would be an auxiliary heat source from the diagram shown in Figure 1.2?







[image: Labelled diagram shows the components of a solar thermal hot water system.]

▲  Figure 1.2 Solar thermal hot-water system components







Solar thermal collector


A solar thermal collector is designed to collect heat by absorbing heat radiation from the Sun. The energy from the Sun heats the heat-transfer fluid contained in the system. There are two types of solar thermal collector:




	●  flat-plate collectors



	●  evacuated-tube collectors.






Flat-plate collectors are less efficient but cheaper than evacuated-tube collectors. With a flat-plate collector, the heat-transfer fluid circulates through the collectors and is directly heated by the Sun. The collectors need to be well insulated to avoid heat loss.




[image: Cutaway diagram shows the internal structure of the flat plate collector. ]

▲  Figure 1.3 Cutaway diagram of a flat-plate collector






Evacuated-tube collectors are more efficient but more expensive than flat-plate collectors.


These consist of a specially coated, pressure-resistant, double-walled glass tube. Air is evacuated from the glass tube, aiding the transfer of heat from the Sun to a heat tube that is housed within the glass tube. The heat tube contains a temperature-sensitive medium, such as methanol, that vaporises when heated. The warmed gas rises within the glass tube. A solar collector will contain several evacuated tubes in contact with a copper header tube that is part of the solar heating circuit. The heat tube is in contact with the header tube. The heat from the methanol vapour in the heat tubes is transferred by conduction to the heat-transfer fluid flowing through the solar heating circuit. This process cools the methanol vapour, which condenses and runs back down to the bottom of the heat tubes, ready for the process to start again. The collector must be mounted at a suitable angle to allow the vapour to rise and the condensed liquid to flow back down the heat tubes. 




[image: Set of three illustrations shows the evacuated tube collector and explains its external and internal structure and working. ]

▲  Figure 1.4 Evacuated-tube collector






Differential temperature controller


The differential temperature controller (DTC) has sensors connected to the solar collector (high level) and the hot-water storage system (low level). It monitors the temperatures at the two points. The DTC turns the circulating pump on when there is enough solar energy available and there is a demand for water to be heated. Once the stored water reaches the required temperature, the DTC shuts off the circulating pump.


Circulating pump


The circulating pump is controlled by the DTC and circulates the system’s heat-transfer fluid around the solar hot-water circuit. The circuit is a closed loop between the solar collector and the hot-water storage tank. The heat-transfer fluid is normally water-based but, depending on the system type, usually also contains antifreeze (glycol) so that at night, or in periods of low temperatures, it does not freeze in the collector.


Hot-water storage cylinder


The hot-water storage cylinder enables the transfer of heat from the solar collector circuit to the stored water. Several different types of cylinder or cylinder arrangement are possible.


Twin-coil cylinder


With this type of cylinder, the lower coil is the solar heating circuit and the upper coil is the auxiliary heating circuit. Cold water enters at the base of the cylinder and is heated by the solar heating coil. If the solar heating circuit cannot meet the required demand, then the boiler will provide heat through the upper coil. Hot water is drawn off, by the taps, from the top of the cylinder.







[image: Schematic diagram shows a twin coiled cylinder. ]

▲  Figure 1.5 Twin-coil cylinder






Alternatives


An alternative arrangement is to use one cylinder as a solar preheat cylinder, the output of which feeds a hot-water cylinder. The auxiliary heating circuit is connected to the second cylinder.


[image: Schematic diagram shows a twin-coil water heating system that uses two separate cylinders.]

▲  Figure 1.6 Using two separate cylinders




The two arrangements that have been described are indirect systems, with the solar heating circuit forming a closed loop.


Direct system


A direct system is an alternative to an indirect system. In direct systems, the domestic hot water that is stored in the cylinder is directly circulated through the solar collector and is the same water that is drawn off at the taps. Owing to this fact, antifreeze (glycol) cannot be used in the system, so it is important to use freeze-tolerant collectors.


Auxiliary heat source


In the UK there will be times when there is insufficient solar energy available to provide adequate hot water. On these occasions an auxiliary heat source will be required. Where the premises have space heating systems installed, the auxiliary heat source is usually this boiler. Where no suitable boiler exists, the auxiliary heat source will be an electric immersion heater.


Location and building requirements


The following factors should be considered when deciding whether or not a solar thermal hot-water system is suitable for particular premises.


The orientation of the solar collectors


The optimum direction for the solar collectors to face is due south. However, as the Sun rises in the east and sets in the west, any location with a roof facing east, south or west is suitable for mounting a solar thermal system, although the efficiency of the system will be reduced for any system not facing due south.


The tilt of the solar collectors


During the year, the maximum elevation or height of the Sun, relative to the horizon, changes. It is lowest in December and highest in June. Ideally, solar collectors should always be perpendicular to the path of the Sun’s rays. As it is generally not practical to change the tilt angle of a solar collector, a compromise angle has to be used. In the UK, the angle is 35°; however, the collectors will work, but less efficiently, from vertical through to horizontal.


Shading of the solar collectors


Any structure, tree, chimney, aerial or other object that stands between the collector and the Sun will block the Sun’s energy. The Sun shines for a limited time and any reduction in the amount of heat energy reaching the collector will reduce the collector’s ability to provide hot water to meet the demand.


▼  Table 1.2 Degree of shading of solar collectors


















	

Shading




	

% of sky blocked by obstacles




	

Reduction in output









	

Heavy




	

> 80%




	

50%









	

Significant




	

> 60–80%




	

35%









	

Modest




	

> 20–60%




	

20%









	

None or very little




	

≤ 20%




	

No reduction












The suitability of the structure for mounting the solar collector


The structure has to be assessed as to its suitability for the chosen mounting system. Consideration needs to be given to the strength and condition of the structure and the suitability of fixings. The effect of wind must also be taken into account. The force exerted by the wind on the collectors, an upward force known as ‘wind uplift’, affects both the solar collector fixings and the fixings holding the roof members to the building structure.


In the case of roof-mounted systems on blocks of flats and other shared properties, the ownership of the structure on which the proposed system is to be installed must be considered.


The space needed to mount the collectors is dependent on the demand for hot water. The number of people occupying the premises determines the demand for hot water and, therefore, the number of collectors required, and the space needed to mount them.




ACTIVITY


Conduct research to investigate:




	●  how much water an average person uses in one day in the UK



	●  how much of this is hot water



	●  how much is returned as waste water.









Compatibility with the existing hot-water system


Solar thermal systems provide stored hot water rather than instantaneous hot water. Premises using under/over-sink water heaters and electric showers will not be suitable for the installation of a solar thermal hot-water system; neither will premises using a combination boiler to provide hot water, unless substantial changes are made to the hot-water system.


Planning permission


Permitted development applies where a solar thermal hot-water system is installed:




	●  on a dwelling house or block of flats



	●  on a building within the grounds of a dwelling house or block of flats



	●  as a stand-alone system in the grounds of a dwelling house or block of flats.






However, there are criteria to be met in every case.


The criteria that must be met for building-mounted systems are that:




	●  the solar thermal system cannot protrude more than 200 mm from the wall or the roof slope



	●  the solar thermal system cannot protrude past the highest point of the pitched roof (the ridge line), excluding the chimney



	●  the solar thermal equipment cannot be higher than 1 m above the highest part of a flat roof.






The criteria that must be met for stand-alone systems are that:




	●  only one stand-alone system is allowed in the grounds



	●  the array cannot exceed 4 m in height



	●  the array cannot be installed within 5 m of the boundary of the grounds



	●  the array cannot exceed 9 m2 in area



	●  no dimension of the array can exceed 3 m in length.






The criteria that must be met for both stand-alone and building-mounted systems are that:




	●  the system cannot be installed in the grounds, or on a building within the grounds, of a listed building or a scheduled monument



	●  if the dwelling is in a conservation area or a World Heritage Site, then the array cannot be closer to a highway than the house or block of flats.






In every other case, planning permission will be required.



Compliance with Building Regulations


The Building Regulations applicable to the installation of solar thermal hot-water systems are outlined in Table 1.3.


▼  Table 1.3 Building Regulations applicable to solar thermal hot-water systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes and fixings for collectors are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.












Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of solar thermal hot-water systems are:




	●  BS 7671: 2018 (as amended) The IET Wiring Regulations



	●  Approved Document Part G3: Unvented hot-water storage systems



	●  Water Regulations (WRAS).






The advantages and disadvantages of solar thermal hot-water systems


The advantages of solar thermal hot-water systems are that they:




	●  reduce CO2 emissions



	●  reduce energy costs



	●  are low maintenance



	●  improve the energy rating of the building.






The disadvantages of solar thermal hot-water systems are that they:




	●  may not be compatible with the existing hot-water system



	●  may not meet demand for hot water in the winter



	●  have high initial installation costs



	●  require a linked auxiliary heat source.






Heat pumps


A water pump moves water from a lower level to a higher level, through the application of energy. Pumping the handle draws water up from a lower level to a higher level, through the application of kinetic energy. As the name suggests, a heat pump moves heat energy from one location to another, through the application of energy. In most cases, the applied energy is electrical energy.




[image: A water pump as an analogy for a heat pump.]

▲  Figure 1.7 A heat pump moves heat from one location to another, just as a water pump like this one moves water from one location to another







Working principles


Heat energy from the Sun exists in the air that surrounds us and in the ground beneath our feet. At absolute zero or 0 K (kelvin), there is no heat in a system. This temperature is equivalent to –273°C so, even with an outside temperature of –10°C, there is a vast amount of free heat energy available.


[image: Colour gradient shows the range of heat energy.]

▲  Figure 1.8 Heat energy exists down to absolute zero (0 K ≈ –273°C)




Using a relatively small amount of energy, that stored heat energy in the air or in the ground can be extracted and used in the heating of living accommodation.


Heat pumps extract heat from outside and transfer it inside, in much the same way that a refrigerator extracts heat from the inside of the refrigerator and releases it at the back of the refrigerator via the heat-exchange fins.


A basic rule of heat transfer is that heat moves from warmer spaces to colder spaces.


A heat pump contains a refrigerant. The external air or ground is the medium or heat source that gives up its heat energy. The heat pump operates as follows.




	●  When the refrigerant is passed through the heat source, the refrigerant is cooler than its surroundings and so absorbs heat.



	●  The compressor on the heat pump then compresses the refrigerant, causing the gas to heat up.



	●  When the refrigerant is passed to the interior, the refrigerant is now hotter than its surroundings and gives up its heat to the cooler surroundings.



	●  The refrigerant is then allowed to expand, which converts it back into a liquid.



	●  As the refrigerant expands, it cools, and the cycle starts all over again.






The only energy needed to drive the system is the energy required by the compressor. The greater the difference in temperature between the refrigerant and the heat-source medium from where heat is being extracted, the greater the efficiency of the heat pump. If the heat-source medium is very cold, then the refrigerant will need to be colder, to be able to absorb heat, so the harder the compressor must work, and the more energy is needed to accomplish this.




[image: Schematic diagram explains the refrigeration process.]

▲  Figure 1.9 The refrigeration process






Two main types of heat pump are in common use. They are:




	●  ground-source heat pumps (GSHPs)



	●  air-source heat pumps (ASHPs).






Heat pumps extract heat energy from the air or the ground, but the energy extracted is replaced by the action of the Sun. It is not uncommon for heat pumps to have efficiencies in the order of 300 per cent; for an electrical input of 3 kW, a heat output of 9 kW is achievable. If we compare this with other heat appliances (see Figures 1.10 a–c), we can see where the savings are made.


The efficiency of a heat pump is measured in terms of the coefficient of performance (COP), which is the ratio between the heat delivered and the power input of the compressor.


[image: ]


The higher the COP value, the greater the efficiency. Higher COP values are achieved in mild weather than in cold weather because, in cold weather, the compressor has to work harder to extract heat.




[image: Electric panel heater that works at 100 per cent efficiency.]

▲  Figure 1.10a The efficiency of an electric panel heater








[image: Condensing gas boiler that works at 95 per cent efficiency.]

▲  Figure 1.10b The efficiency of an A-rated condensing gas boiler








[image: Air source heat pump that works at 300 per cent efficiency.]

▲  Figure 1.10c The efficiency of an air-source heat pump








INDUSTRY TIP


Air-source heat pumps are not just used to warm the inside of buildings; they can also cool the inside of buildings during hot days.





Storing excess heat produced


Heat pumps are not able to provide instant heat and so therefore work best when run continuously. Stop–start operations will shorten the lifespan of a heat pump. A buffer tank, simply a large water-storage vessel, is incorporated into the circuit so that, when heat is not required within the premises, the heat pump can ‘dump’ heat to it and thus keep running. When there is a need for heat, this can be drawn from the buffer tank. A buffer tank can be used with both ground-source and air-source heat pumps.






[image: Schematic diagram shows how heat is stored in a buffer tank.]

▲  Figure 1.11 Storing heat in a buffer tank






Ground-source heat pumps


A ground-source heat pump (GSHP) extracts low-temperature free heat from the ground, upgrades it to a higher temperature and then releases it, where required, for space heating and water heating.


Working principles


The key components of a GSHP are:




	●  heat-collection loops and a pump



	●  a heat pump



	●  a heating system.






The collection of heat from the ground is accomplished by means of pipes that are buried in the ground and contain a mixture of water and antifreeze. This type of system is known as a ‘closed-loop’ system. Three methods of burying the pipes are used. Each method has its advantages and disadvantages.


Horizontal loops


Piping is installed in horizontal trenches that are generally 1.5–2 m deep. Horizontal loops require more piping than vertical loops – around 200 m of piping for the average house.




[image: Schematic diagram shows piping for a house installed in horizontal ground loops. ]

▲  Figure 1.12 Horizontal ground loops







Vertical loops


Most commercial installations use vertical loops. Holes are bored to a depth of 15–60 m, depending on soil conditions, and spaced approximately 5 m apart. Pipe is then inserted into these bore holes. The advantage of this system is that less land is needed.




[image: Schematic diagram shows piping for a house installed in vertical ground loops.]

▲  Figure 1.13 Vertical ground loops






Slinkies


Slinky coils are flattened, overlapping coils that are spread out and buried, either vertically or horizontally. They are able to concentrate the area of heat transfer into a small area of land. This reduces the length of trench needing to be excavated and therefore the amount of land required. Slinkies installed in a 10 m long trench will yield around 1 kW of heating load.


[image: Schematic diagram shows piping for a house installed in the form of slinky coils.]

▲  Figure 1.14 Slinkies






[image: Slinkies are dark coloured pipes that are being installed in a coiled manner, in a trench dug in the ground.]

▲  Figure 1.15 Slinkies being installed in the ground






The water–antifreeze mix is circulated around these ground pipes by means of a pump. The low-grade heat from the ground is passed over a heat exchanger, which transfers the heat from the ground to the refrigerant gas. The refrigerant gas is compressed and passed across a second heat exchanger, where the heat is transferred to a pumped heating loop that feeds either radiators or under-floor heating.







[image: Schematic diagram explains the operating principle of the ground source heat pump.]

▲  Figure 1.16 Ground-source heat pump operating principle






Final heat output from the GSHP is at a lower temperature than would be obtained from a gas boiler. The heat output from a GSHP is at 40°C, compared with a gas boiler at 60–80°C. For this reason, under-floor heating, which requires temperatures of 30–35°C, is the most suitable form of heating arrangement to use with a GSHP. Low-temperature or oversized radiators could also be used.


A GSHP system, in itself, is unable to heat hot water directly to a suitable temperature. Hot water needs to be stored at a temperature of 60°C. An auxiliary heating device will be necessary in order to reach the required temperatures. A GSHP is unable to provide instant heat and, for maximum efficiency, should run all the time. In some cases, it is beneficial to fit a buffer tank to the output so that any excess heat is stored, ready to be used when required. By reversing the refrigeration process, a GSHP can also be used to provide cooling in the summer.


Location and building requirements


For a GSHP system to work effectively, and as the output temperature is low, the building must be well insulated.


A suitable amount of land has to be available for trenches or, alternatively, land that is suitable for bore holes. In either case, access for machinery will be required.


Planning permission


The installation of a GSHP is usually considered to be permitted development and will not require a planning application to be made.


If the building is a listed building or in a conservation area, the local area planning authority will need to be consulted.



Compliance with Building Regulations


The Building Regulations applicable to the installation of GSHPs are outlined in Table 1.4.


▼  Table 1.4 Building Regulations applicable to ground-source heat pumps


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modification such as chases, suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes and fixings for equipment are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes are made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.














INDUSTRY TIP


The GOV.UK website provides guidance on the qualifications required to work on equipment containing F (fluorinated) gas.





Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of GSHPs are:




	●  BS 7671: 2018 (as amended) The IET Wiring Regulations



	●  F (fluorinated) gas requirements, if working on refrigeration pipework.






Furthermore, you must be qualified in order to work on refrigeration pipework.


The advantages and disadvantages of ground-source heat pumps


The advantages of GSHPs are that they:




	●  are highly efficient



	●  are cheaper to run than electric, gas or oil boilers, leading to a reduction in the cost of energy bills



	●  reduce CO2 emissions



	●  generate no CO2 emissions on site



	●  are safe, because no combustion takes place and there is no emission of potentially dangerous gases



	●  are low maintenance compared with combustion devices



	●  have a long lifespan



	●  do not require fuel storage, so less installation space is required



	●  can be used to provide cooling in the summer



	●  are more efficient than air-source heat pumps.






The disadvantages of GSHPs are that:




	●  the initial costs are high



	●  they require a large area of land 



	●  the design and installation are complex tasks



	●  they are unlikely to work efficiently with an existing heating system



	●  they use refrigerants, which could be harmful to the environment



	●  they are more expensive to install than air-source heat pumps.






Air-source heat pumps


An air-source heat pump (ASHP) extracts free heat from low-temperature air and releases it, where required, for space heating and water heating.


The key components of an ASHP are:




	●  a heat pump containing a heat exchanger, a compressor and an expansion valve



	●  a heating system.






Working principles


An ASHP works in a similar way to a refrigerator, but the cooled area becomes the outside world and the area where the heat is released is the inside of a building. The steps involved in the ASHP process are as follows.




	●  The pipes of the pump system contain refrigerant that can be a liquid or a gas, depending on the stage of the cycle. As a gas, it flows through a heat exchanger (evaporator), where low-temperature air from outside is drawn across the heat exchanger by the unit’s internal fan. The heat from the air warms the refrigerant. Any liquid refrigerant boils to gas.



	●  The warmed refrigerant vapour then flows to a compressor. Here, the vapour is compressed, causing its temperature to rise further.



	●  Following pressurisation, the refrigerant gas passes through another heat exchanger (condenser), where it loses heat to the heating-system water, because it is hotter than the system water. At this stage, some of the refrigerant has condensed to a liquid. The heating system carries heat away to heat the building.



	●  The cooled refrigerant passes through an expansion valve, where its pressure drops suddenly and its temperature falls. The refrigerant flows once more to the evaporator heat exchanger, continuing the cycle.








[image: Schematic diagram explains the operating principle of the air source heat pump.]

▲  Figure 1.17 Air-source heat pump operating principle






There are two types of ASHP in common use. These are:




	●  air-to-water pumps



	●  air-to-air pumps.






An air-to-water pump is the pump described above, and it can be used to provide both space heating and water heating. An air-to-air pump is not suitable for providing water heating.


The output temperature of an ASHP will be lower than that of a gas-fired boiler. Ideally, the ASHP should be used in conjunction with an under-floor heating system. Alternatively, it could be used with low-temperature radiators.


Location and building requirements


The following factors should be considered when deciding whether or not an ASHP is suitable for particular premises.




	●  The premises must be well insulated.



	●  There must be space to fit the unit on the ground outside the building or to mount it on a wall. There will also need to be clear space around the unit to allow an adequate airflow.



	●  The ideal heating system to couple to an ASHP is either under-floor heating or warm-air heating.



	●  An ASHP will pay for itself in a shorter period of time if it replaces an electric, coal or oil heating system rather than a gas-fired boiler.






Air-source heat pumps are an ideal solution for new-build properties, where high levels of insulation and under-floor heating are to be installed.


Planning permission


Permitted development applies where an ASHP is installed:




	●  on a dwelling house or block of flats



	●  on a building within the grounds of a dwelling house or block of flats



	●  in the grounds of a dwelling house or block of flats.






There are, however, criteria to be met, mainly due to noise generated by the ASHP.




	●  The ASHP must comply with the Microgeneration Certification Scheme (MCS) Planning Standards or equivalent.



	●  Only one ASHP may be installed on the building or within the grounds of the building.



	●  A wind turbine must not be installed on the building or within the grounds of the building.



	●  The volume of the outdoor unit’s compressor must not exceed 0.6 m3.



	●  The ASHP cannot be installed within 1 m of the boundary.



	●  The ASHP cannot be installed on a pitched roof.



	●  If the ASHP is installed on a flat roof, it must not be within 1 m of the roof edge.



	●  The ASHP cannot be installed on a site designated as a monument. 



	●  The ASHP cannot be installed on a building that is a listed building, or in its grounds.



	●  The ASHP cannot be installed on a roof or a wall that fronts a highway, or within a conservation area or World Heritage Site.



	●  If the dwelling is in a conservation area or a World Heritage Site, then the ASHP cannot be closer to a highway than the house or block of flats.






Compliance with Building Regulations


The Building Regulations applicable to the installation of ASHPs are outlined in Table 1.5.


▼  Table 1.5 Building Regulations applicable to air-source heat pumps


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modification such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes and fixings for equipment are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes are made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.












Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of ASHPs are:




	●  BS 7671: 2018 (as amended) The IET Wiring Regulations



	●  F (fluorinated) gas regulations, if working on refrigeration pipework.






The advantages and disadvantages of air-source heat pumps


The advantages of ASHPs are that they:




	●  are highly efficient



	●  are cheaper to run than electric, gas or oil boilers, leading to reductions in the cost of energy bills



	●  reduce CO2 emissions



	●  generate no CO2 emissions on site



	●  are safe, because no combustion takes place and there is no emission of potentially dangerous gases



	●  are low maintenance compared with combustion devices



	●  do not require fuel storage, so less installation space is required 



	●  can be used to provide cooling in the summer



	●  are cheaper and easier to install than ground-source heat pumps.






The disadvantages of ASHPs are that they:




	●  are unlikely to work efficiently with an existing heating system



	●  are not as efficient as ground-source heat pumps



	●  have high initial costs



	●  are less efficient in the winter than in the summer



	●  generate noise from the fans



	●  have to incorporate a defrost cycle to stop the heat exchanger freezing in the winter.






Biomass


Biomass and fossil fuels are derived from the same sources; the major difference between them is the time taken to replace them. Unlike the plants grown to produce biomass fuels, fossil fuels, such as gas, oil and coal, have taken millions of years to form. Demand for these fuels is outstripping supply and replenishment. Biomass is derived from recently living organisms. As long as these organisms are replaced by replanting, and demand does not exceed replacement time, the whole process is sustainable. Biomass is therefore rightly regarded as a renewable energy technology.




KEY TERM


Biomass: The biological material from living or recently living organisms; biomass fuels are usually derived from plant-based material but could be derived from animal material. Fuel pellets can be made from woodworking offcuts, cereals or grain products, oils, animal fats and waste fish products.







VALUES AND BEHAVIOURS


Where possible, the use of sustainable fuel sources should be encouraged. Biomass fuel products are much more readily available and significantly faster to produce, so offer a viable and sustainable alternative to fossil fuel consumption.


However, be mindful of the fact that biomass fuels still produce greenhouse gas emissions, which have a detrimental effect on the environment.





Both fossil fuels and biomass fuels are burned to produce heat, and both fuel types release CO2 as part of this process. Carbon dioxide is a greenhouse gas that has been linked to global warming. During their lives, plants and trees absorb CO2 from the atmosphere, to enable them to grow. When these plants are burned, the CO2 is released back into the atmosphere.


Biomass fuels have two main carbon advantages over fossil fuels.




	●  Fossil fuels absorbed CO2 from the atmosphere millions of years ago and have trapped that CO2 ever since. When fossil fuels are burned, they release that CO2 back into the atmosphere, adding to the present-day atmospheric CO2 level.



	●  Biomass absorbs CO2 when it grows, reducing current atmospheric CO2 levels. When biomass is turned into fuel and burned, it releases the CO2 back into the atmosphere. The net result is that there is no overall increase in the amount of CO2 in the atmosphere.






A disadvantage of biomass is that the material is less dense than fossil fuels, so to achieve the same heat output as from fossil fuels, a greater quantity of biomass is required. However, with careful management, the use of biomass is sustainable, whereas the use of fossil fuels is not.




[image: Schematic diagram shows the carbon cycle.]

▲  Figure 1.18 The carbon cycle






The biomass raw material that can be turned into biomass fuels are:




	●  wood



	●  crops, such as elephant grass, reed canary grass and rapeseed



	●  agricultural by-products, such as straw, grain husks and forest product waste, and animal waste, such as chicken litter and slurry



	●  food waste; it is estimated that some 35 per cent of food purchased ends up as waste



	●  industrial waste.






Woody biomass


Wood-related products are the primary biomass fuels for domestic use.


For wood to work as a sustainable material, the trees used need to be relatively fast growing, so short-rotation coppice woodlands containing willow, hazel and poplar are used on a 3–5-year rotation. Because of this, large logs are not available, neither can slow-growing timbers that would have a higher calorific value be used. Woody biomass as a fuel is generally supplied as:




	●  small logs



	●  wood chips – mechanically shredded trees, branches, etc.



	●  wood pellets – made from sawdust or wood shavings that are compressed to form pellets.








KEY TERM


Calorific value: Energy given off by burning.





The calorific value of woody biomass is generally low. The greener (wetter) the wood is, the lower the calorific value will be.


Woody biomass boilers


A biomass boiler can be as simple as a log-burner providing heat to a single room or may be a boiler heating a whole house. Woody biomass boilers can be automated so that a constant supply of fuel is available. Wood pellets are transferred to a combustion chamber by means of an auger drive or, if the fuel storage is remote from the boiler, by a suction system. The combustion process is monitored via thermostats in the flue gases, and adjustments are made to the fan speed, which controls air intake, and to the fuel-feed system, to control the feed of pellets. All of this is controlled by a microprocessor.


The hot flue gases are passed across a heat exchanger, where the heat is transferred to the water in the central-heating system. From this point, the heated water is circulated around a standard central-heating system.




INDUSTRY TIP


In automated biomass boilers, the heat exchangers are self-cleaning and the amount of ash produced is relatively small. As a result, the boilers require little maintenance. The waste gases are taken away from the boiler by the flue and are then dispersed via the flue terminal.







[image: Illustration shows a biomass boiler with a suction feed system.]

▲  Figure 1.19 Biomass boiler with suction feed system






Location and building requirements


The following factors should be considered when deciding whether or not a biomass boiler is suitable for particular premises.




	●  Space will be required for the storage of the biomass fuel.



	●  Easy access will be required for the delivery of the biomass fuel.



	●  A biomass boiler may not be permitted in a designated smokeless zone.






Smoke-control areas and exempt appliances


In the past, when it was common to burn coal as a source of domestic heat or for the commercial generation of heat and power, many cities suffered from very poor air quality. Smogs, which are a mixture of winter fog and smoke, were frequent occurrences.


These smogs contained high levels of sulphur dioxide and smoke particles, both of which are harmful to humans. In December 1952, a period of windless conditions prevailed, resulting in a smog in London that lasted for five days. Apart from very poor visibility, it was estimated at the time that this smog contributed to some 4000 premature deaths and another 100 000 people suffered smog-related illnesses. With improved scientific research, it is now suspected that these figures were seriously underestimated and as many as 12 000 people may have died. Not surprisingly, there was a massive public outcry, which led to the government introducing the Clean Air Act 1956 and local authorities declaring areas as ‘smoke-control areas’.


The Clean Air Act of 1956 was replaced in 1993. Under this act, it is an offence to sell or burn an unauthorised fuel in a smoke-control area unless it is burned in what is known as an ‘exempt appliance’. Exempt appliances are able to burn fuels that would normally be ‘smoky’, without emitting smoke to the atmosphere. Each appliance is designed to burn a specific fuel.




ACTIVITY


Use the internet to research the different types of biomass fuels that are currently approved for use in domestic properties.





Planning permission


Planning permission will not normally be required for the installation of a biomass boiler in a domestic dwelling if the entire work is internal to the building. If the installation requires an external flue to be installed, it will normally be classed as permitted development, on the condition that the flue is to the rear or side elevation and does not extend more than 1 m above the highest part of the roof.


Listed building or buildings in a designated area


Check with the local planning authority with regards to both internal work and external flues, because many local authorities will not permit changes to a building’s structure or appearance if the building is listed or in a conservation area.


Buildings in a conservation area or in a World Heritage Site


Flues should not be fitted on the principal or side elevation if they would be visible from a highway.


If the project includes the construction of buildings for the storage of biofuels or to house the boiler, then the same planning requirements as for extensions and garden outbuildings will apply.


Compliance with Building Regulations


The Building Regulations applicable to biomass fuels are outlined in Table 1.6.


▼  Table 1.6 Building Regulations applicable to biomass fuels


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes and fixings for equipment are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes are made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

J




	

Combustion appliances and fuel-storage systems




	

Biomass boilers produce heat and therefore must be installed correctly.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.













The advantages and disadvantages of biomass fuels


The advantages of biomass fuels are that:




	●  they are carbon neutral



	●  they are a sustainable fuel source



	●  when biomass fuels are burned, the waste gases are low in nitrous oxide, with no sulphur dioxide – both are greenhouse gases.






The disadvantages of biomass fuels are that:




	●  transportation costs are high; wood pellets or wood chips will need to be delivered in bulk to make delivery costs viable



	●  storage space is needed for the fuel; as woody biomass has a low calorific value, a large quantity of fuel will be required



	●  consideration must be given as to whether or not adequate storage space is available



	●  when a solid fuel is burned, it is not possible to have instant control of heat, as would be the case with a gas boiler; the fuel source cannot be instantly removed to stop combustion



	●  they require a suitable flue system.






ELECTRICITY-PRODUCING MICRO-RENEWABLE ENERGY TECHNOLOGIES


The following electricity-producing micro-renewable energy technologies are discussed in this section:




	●  solar photovoltaic



	●  micro-wind



	●  micro-hydro.






A major advantage of electricity-producing micro-renewable energy technologies is that they do not use any of the planet’s dwindling fossil fuels. They also do not produce any CO2 when in operation. For each of the electricity-producing micro-renewable energy technologies, three types of connection exist.




	●  With an on-grid or grid-tied connection, the system is connected in parallel with the grid-supplied electricity.



	●  With an off-grid connection, the system is not connected to the grid but supplies electricity directly to current-using equipment or is used to charge batteries and then supplies electrical equipment via an inverter.



	●  With a hybrid system, batteries can store any excess energy generated and supplement the parallel grid-supplied electricity at times of high demand, or in place of the grid-supply when demand is low.








KEY TERMS


Micro-renewable energy: Small-scale generation of energy that is collected from renewable resources which are naturally replenished on a human timescale, such as sunlight, wind, rain, tides, waves and geothermal heat.


Battery: Containing cells where chemical energy is converted into electricity. The number of cells in a battery dictate the output voltage of the battery. Cell voltages can range from 1.2 V to 3.6 depending on chemical used.







ACTIVITY


What else can be used to store electricity and release back into an installation, as needed, other than a static battery storage system?





There are some downsides to using batteries to store electricity though.


For instance, the batteries required for off-grid and hybrid systems need to be deep-cycle type batteries, which are expensive to purchase. However, advances in battery technology because of a greater demand for this has seen prices come down significantly. Another downside of using batteries to store electricity is that their lifespan may be as short as five years, after which the battery bank will need replacing. However, advances in technology has seen some system manufacturers claim lifespans of up to 15 years.


Where a building has a grid supply and technologies that generate electricity, or generate and store electricity which can be fed back into the electrical grid, the user is classed as a prosumer rather than consumer. There is more detail on battery energy storage systems (BESS) in Chapter 2 of this book.




KEY TERM


Prosumer: A consumer and producer of electricity. This would be a building that has a public grid supply and means of generating, and possibly storing electricity. Electricity will be used from or fed into the supply grid depending on usage. See Chapter 3 of this book for more detail.





While the following sections will focus primarily on on-grid or grid-tied systems, which are the most common connection types in use, an overview of the components required for off-grid systems is included, to provide a complete explanation of the technology.




[image: Flowchart shows generation exceeds demand. ]

▲  Figure 1.20a Generation exceeds demand








[image: Flowchart shows demand exceeds generation. ]

▲  Figure 1.20b Demand exceeds generation






Solar photovoltaic


Solar photovoltaic (PV) is the conversion of light into electricity. Light is electromagnetic energy and, in the case of visible light, is electromagnetic energy that is visible to the human eye. The electromagnetic energy released by the Sun consists of a wide spectrum, most of which is not visible to the human eye and cannot be converted into electricity by PV modules.


Working principles


The basic element of photovoltaic energy production is the PV cell, which is made from semiconductor material. While various semiconductor materials can be used in the making of PV cells, the most common material is silicon. Adding a small quantity of a different element (an impurity) to the silicon, a process known as ‘doping’, produces n-type or p-type semiconductor material. Whether it is n-type (negative) or p-type (positive) semiconductor material is dependent on the element used to dope the silicon. Placing an n-type and a p-type semiconductor material together creates a p-n junction. This forms the basis of all semiconductors used in electronics.


When photons hit the surface of the PV cell, they are absorbed by the p-type semiconductor material. The additional energy provided by these photons allows electrons to overcome the bonds holding them and to move within the semiconductor material, thus creating a potential difference or – in other words – generating a voltage.




KEY TERMS


Semiconductor: A material with resistivity that sits between that of an insulator and a conductor.


Photons: Particles of energy from the Sun.





Photovoltaic cells have an output voltage of 0.5 V, so a number of these cells are linked together to form modules with resulting higher voltage and power outputs. Modules are connected in series to increase voltage. These are known as ‘strings’. All the modules together are known as an ‘array’. An array therefore can comprise a single string or multiple strings. The connection arrangements are determined by the size of the system and the choice of inverter. It should be noted that PV arrays can attain DC voltages of many hundreds of volts.




[image: Photograph of a photovoltaic cell.]

▲  Figure 1.21 Photovoltaic cell






There are many arrangements for PV systems but they can be divided into three categories:




	●  off-grid systems, where the PV modules are used to charge batteries



	●  on-grid systems, where the PV modules are connected to the grid supply via an inverter



	●  hybrid systems, where energy from the PV modules can either be stored in batteries or the PV and batteries can be used to supply the grid via an inverter.






Off-grid systems where the PV modules are used to charge batteries


The key components of an off-grid PV system are:




	●  PV modules



	●  a PV module mounting system



	●  DC cabling



	●  a charge controller



	●  a deep-discharge battery bank



	●  an inverter.






Other components, such as isolators, will also be required.


[image: Flowchart shows how the off-grid system components are connected. ]

▲  Figure 1.22 Off-grid system components




Off-grid systems are ideal where no mains supply exists and there is a relatively small demand for power. Deep-discharge batteries are expensive and will need replacing within 5–10 years, depending on use.


On-grid systems where the PV modules are connected to the grid supply via an inverter


The key components of an on-grid PV system are:




	●  PV modules



	●  a PV module mounting system



	●  DC cabling



	●  an inverter



	●  AC cabling



	●  metering



	●  a connection to the grid.






Other components, such as isolators, will also be required.


[image: Flowchart shows how the on-grid system components are connected. ]

▲  Figure 1.23 On-grid system components




PV modules


Different types of module, of various efficiencies, are available. The performance of a PV module is expressed as an efficiency percentage.




	●  Monocrystalline modules range in efficiency from 15 per cent to 20 per cent.



	●  Polycrystalline modules range in efficiency from 13 per cent to 16 per cent but are cheaper to purchase than monocrystalline modules.



	●  Amorphous film ranges in efficiency from 5 per cent to 7 per cent. Amorphous film is low efficiency but is flexible, so it can be formed into curves and is ideal for surfaces that are not flat.






While efficiencies may appear low, the maximum theoretical efficiency that can be obtained with a single junction silicon cell is only 34 per cent.




KEY TERM


Efficiency percentage: The higher the percentage, the greater the efficiency.





PV module mounting system


Photovoltaic modules can be fitted as in-roof systems, on-roof systems, ground-mounted systems or pole-mounted systems.


In in-roof systems the modules replace the roof tiles. The modules used are specially designed to interlock, to ensure that the roof structure is watertight. The modules are fixed directly to the roof structure. Several different systems are on the market, from single tile size to large panels that replace a whole section of roof tiles. In-roof systems cost more than on-roof systems but are more aesthetically pleasing. In-roof systems are generally only suitable for new-build projects or where the roof is to be retiled.


On-roof systems are the common method employed for retrofit systems. Various different mounting systems exist for securing the modules to the roof structure. Most consist of aluminium rails, which are fixed to the roof structure by means of roof hooks. Mounting systems also exist for fitting PV modules to flat roofs. Checks will need to be made to ensure that the existing roof structure can withstand the additional weight and also the uplift forces that will be exerted on the PV array by the wind.




[image: In roof system of P V modules shows how the photovoltaic cells are mounted on a roof to replace roof tiles. ]

▲  Figure 1.24 In-roof mounted system








[image: Roof-mounted system of P V modules shows how photovoltaic cells are retrofitted on top of the roof using aluminium rails.]

▲  Figure 1.25 Roof-mounted system






Ground-mounted systems and pole-mounted systems are available for free-standing PV arrays.




[image: Ground-mounted systems of P V modules used on solar farms. Free-standing arrays of photovoltaic cells are fitted on the ground using poles. ]

▲  Figure 1.26 Ground-mounted systems in a solar farm






Tracking systems are the ultimate in PV mounting systems. These are computer-controlled motorised mounting systems that change both azimuth and tilt to track the Sun as it passes across the sky. Ideally the modules should face south, but any direction between east and west will give acceptable outputs.




KEY TERMS


Azimuth: Refers to the angle that the panel direction diverges from facing due south.


Diverges: When something is off line by an amount or differs.





Inverter


The inverter’s primary function is to convert the DC input to a 230 V AC 50 Hz output and synchronise it with the mains supply frequency. The inverter also ensures that, in the event of mains supply failure, the PV system does not create a danger by continuing to feed power onto the grid. The inverter must be matched to the PV array with regards to power and DC input voltage, to avoid damage to the inverter and to ensure that it works efficiently. Both DC and AC isolators will be fitted to the inverter, to allow it to be isolated for maintenance purposes.


Metering


A generation meter is installed on the system to record the number of units generated, so that the feed-in tariff can be claimed, where applicable.




KEY TERM


Feed-in-tariffs: Payments or incentives made to a user for any electricity they generate and feed back into the grid. There have been many different schemes and the names constantly change, depending on the offers being made by the electricity suppliers. For the latest incentives, refer to the Energy Saving Trust website.





Connection to the grid


Connection to the grid within domestic premises is made via a spare way in the consumer unit and a 16 A overcurrent protective device. An isolator is fitted at the intake position to provide emergency switching, so that the PV system can easily be isolated from the grid.


Location and building requirements


The following factors should be considered when deciding on the suitability of a location or a building for the installation of a PV system.




[image: ]


IMPROVE YOUR MATHS


Adequate roof space available


The roof space available determines the maximum size of PV array that can be installed. In the UK, all calculations are based on 1000 Wp (watts peak) of the Sun’s radiation on 1 m2. So, if the array uses modules with a 15 per cent efficiency, each 1 kWp of array will require approximately 7 m2 of roof space. The greater the efficiency of the modules, the less roof space required.





The orientation (azimuth) of the PV array


The optimum direction for the solar collectors to face is due south. However, as the Sun rises in the east and sets in the west, any location with a roof facing east, south or west is suitable for mounting a PV array, but the efficiency of the system will be reduced for any system not facing due south.



The tilt of the PV array


Throughout the year, the height of the Sun relative to the horizon changes from its lowest in December through to its highest in June. As it is generally impractical to vary the tilt angle throughout the year, the optimum tilt for the PV array in the UK is between 30° and 40°. However, the modules will work outside the optimum tilt range and will even work if vertical or horizontal, but they will be less efficient.




[image: Photovoltaic inverter mounted on a wall with the label: Fronius I G.]

▲  Figure 1.27 Photovoltaic inverter






Shading of the PV array


Any structure, tree, chimney, aerial or other object that stands between the PV array (collector) and the Sun will prevent some of the Sun’s energy from reaching the collector. The Sun shines for a limited time and any reduction in the amount of sunlight landing on the collector will reduce the collector’s ability to produce electricity.




[image: Geometrical diagram shows that the ideal fixed tilt for a P V array facing south is 30 to 40 degrees.]

▲  Figure 1.28 PV array facing south at fixed tilt: the ideal tilt is 30–40°






Location within the UK


The location within the UK will determine how much sunshine will fall, annually, on the PV array and, in turn, this will determine the amount of electricity that can be generated. For example, a location in Brighton will generate more electricity than one in Newcastle, purely because Brighton receives more sunshine.


The suitability of the structure for mounting the solar collector


The structure must be assessed for its suitability for mounting the chosen solar collector. Consideration needs to be given to the strength of the structure, the suitability of fixings and the condition of the structure. Consideration also needs to be given to the effect known as ‘wind uplift’, an upward force exerted by the wind on the module and mounting system. The PV array fixings and the fixings holding the roof members to the building structure must be strong enough to allow for wind uplift.


In the case of roof-mounted systems on blocks of flats and other shared properties, consideration must also be given to the ownership of the structure on which the proposed system is to be installed.


A suitable place to mount the inverter


The inverter is usually mounted either in the loft space or at the mains position.


Connection to the grid


A spare way within the consumer unit will need to be available for connection of the PV system. If a spare way is not available, then the consumer unit may need to be changed.



Planning permission


Permitted development applies where a PV system is installed:




	●  on a dwelling house or block of flats



	●  on a building within the grounds of a dwelling house or block of flats



	●  as a stand-alone system in the grounds of a dwelling house or block of flats.






However, there are criteria to be met in each case.




[image: Building with a slanting roof on which a P V system is mounted. The shade of one of the building features is falling on the P V system. ]

▲  Figure 1.29 Building features shading a photovoltaic system






For building-mounted systems:




	●  the PV system must not protrude more than 200 mm from the wall or the roof slope



	●  the PV system must not protrude past the highest point of the roof (the ridge line), excluding the chimney.






For stand-alone systems:




	●  only one stand-alone system is allowed in the grounds



	●  the array must not exceed 4 m in height



	●  the array must not be installed within 5 m of the boundary of the grounds



	●  the array must not exceed 9 m2 in area



	●  no dimension of the array may exceed 3 m in length.






For both building-mounted and stand-alone systems, the following criteria must be met.




	●  The system must not be installed in the grounds, or on a building within the grounds, of a listed building or a scheduled monument.



	●  If the dwelling is in a conservation area or a World Heritage Site, then the array must not be closer to a highway than the house or block of flats.






In every other case, planning permission will be required.


Compliance with Building Regulations


The Building Regulations applicable to the installation of solar PV systems are outlined in Table 1.7.


▼  Table 1.7 Building Regulations applicable to solar photovoltaic systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for cables are made, this may reduce the soundproof integrity of the building structure.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.













Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of solar PV systems are:




	●  BS 7671: 2018 (as amended) The IET Wiring Regulations



	●  G98 requirements in relation to on-grid systems up to and including 16 A per phase; above this size, the requirements of G99 will need to be complied with



	●  Microgeneration Certification Scheme (MCS) requirements.






The advantages and disadvantages of solar photovoltaic systems


The advantages of solar PV systems are that:




	●  they can be fitted to most buildings



	●  excess electricity can be sold back to the distribution network operator



	●  there is a reduction in the amount of electricity imported



	●  they use zero-carbon technology



	●  they improve energy performance certificate ratings



	●  there is a reasonable payback period on the initial investment.






The disadvantages of solar PV systems are that:




	●  the initial cost is high, although this is reducing because of greater demand for these systems



	●  the size of the system is dependent on available, suitable roof area



	●  they require a relatively large array to offset installation costs



	●  they give variable output that is dependent on the amount of sunshine available. Lowest output is at times of greatest requirement, such as at night and in the winter. Savings need to be considered over the whole year



	●  there is an aesthetic impact (on the appearance of the building)






Micro-wind


Wind turbines harness energy from the wind and turn it into electricity. The UK is an ideal location for the installation of wind turbines as about 40 per cent of Europe’s wind energy passes over the UK. A micro-wind turbine installed on a suitable site could easily generate more power than would be consumed on site.


Working principles


A wind turbine operates as follows.




	●  Wind passing the rotor blades of the turbine causes the turbine to turn.



	●  The hub of the turbine is connected by a low-speed shaft to a gearbox.



	●  The gearbox output is connected to a high-speed shaft that drives a generator which, in turn, produces electricity.






Turbines are available as either horizontal-axis wind turbines (HAWTs) or vertical-axis wind turbines (VAWTs). A HAWT has a tailfin to turn the turbine so that it is facing in the correct direction to make the most of the available wind. The gearbox and generator will also be mounted in the horizontal plane.




[image: Schematic diagram shows the horizontal axis wind turbine. ]

▲  Figure 1.30 Horizontal-axis wind turbine






Vertical-axis wind turbines, of which there are many different designs, will work with wind blowing from any direction and therefore do not require a tailfin. A VAWT, however, does have a gearbox and a generator.




[image: Schematic diagram shows the vertical axis wind turbine. ]

▲  Figure 1.31 Vertical-axis wind turbine






The two types of micro-wind turbines suitable for domestic installation are:




	●  pole-mounted, free-standing wind turbines



	●  building-mounted wind turbines, which are generally smaller than pole-mounted turbines.






Micro-wind generation systems fall into three basic categories:




	●  On-grid (grid-tied): these systems are connected in parallel with the grid supply via an inverter.



	●  Off-grid: these systems charge batteries to store electricity for later use.



	●  Hybrid systems: where energy from the wind turbine can either be stored in batteries or the wind turbine and batteries can be used to supply the grid via an inverter.






The output from a micro-wind turbine is wild alternating current (AC). ‘Wild’ refers to the fact that the output varies in both voltage and frequency. The output is connected to a system controller, which rectifies the output to DC.




[image: Block diagram shows an on-grid micro wind system.]

▲  Figure 1.32 Block diagram of an on-grid micro-wind system






In the case of an on-grid system, the DC output from the system controller is connected to an inverter that converts DC to AC at 230 V 50 Hz for connection to the grid supply via a generation meter and the consumer unit.




[image: Block diagram shows an off-grid micro wind system.]

▲  Figure 1.33 Block diagram of an off-grid micro-wind system






With off-grid systems, the output from the controller is used to charge batteries so that the output can be stored for when it is needed. The output from the batteries then feeds an inverter so that 230 V AC equipment can be connected.


Location and building requirements


Several factors need to be taken into account when considering whether or not a location is suitable for the installation of a micro-wind turbine. These include:




	●  the average wind speed on the site



	●  obstructions and turbulence



	●  the height at which the turbine can be mounted



	●  turbine noise



	●  turbine vibration



	●  shadow flicker.






Average wind speed on the site


Wind is not constant, so the average wind speed on a site, measured in metres per second (m/s), is a prime consideration when deciding on a location’s suitability for the installation of a micro-wind turbine. Wind speed needs to be a minimum of 5 m/s for a wind turbine to generate electricity. Manufacturers of wind turbines provide power curves for their turbines, which show the output of a turbine at different wind speeds. Most micro-wind turbines will achieve their maximum output when the wind speed is about 10 m/s.



Obstructions and turbulence


For a wind turbine to work efficiently, a smooth flow of air needs to pass across the turbine blades. The ideal location for a wind turbine would be at the top of a gentle slope. As the wind passes up the slope it gains speed, resulting in a higher output from the turbine.




[image: Illustration shows a suitable site for installing a wind turbine.]

▲  Figure 1.34 A suitable site for a micro-wind turbine






Figure 1.35 illustrates the effect on the wind when a wind turbine is poorly sited. The wind passing over the turbine blades is disturbed and thus the efficiency is reduced.




[image: Illustration shows an unsuitable site for installing a wind turbine. ]

▲  Figure 1.35 An unsuitable site for a micro-wind turbine






Any obstacles, such as trees or tall buildings, will affect the wind passing over the turbine blades. Where an obstacle is upwind of the wind turbine, in the direction of the prevailing wind, the wind turbine should be sited at a minimum distance of ten times the height of the obstacle, away from the obstacle. In the case of an obstacle that is 10 m in height, this would mean that the wind turbine should be sited a minimum of 10 × 10 m away, which is 100 m from the obstacle.




[image: Illustration shows how micro-wind turbines should be placed to avoid obstacles.]

▲  Figure 1.36 Placement of micro-wind turbines to avoid obstacles







The height at which the turbine can be mounted


Generally, the higher a wind turbine is mounted, the better. The minimum recommended height is 6–7 m but, ideally, it should be mounted at a height of 9–12 m.


Where an obstacle lies upwind of the turbine, the bottom edge of the blade should be above the height of the obstacle.




INDUSTRY TIP


As a wind turbine has moving parts, consideration needs to be given to access for maintenance.





Turbine noise


The wind turbine will generate noise when in use, so consideration needs to be given to buildings sited close to the wind turbine.


Turbine vibration


Consideration needs to be given to vibration if the wind turbine is to be mounted on a building. It may be necessary to consult a structural engineer.


Shadow flicker


Shadow flicker is the result of the rotating blades of a turbine passing between a viewer and the Sun. It is important to ensure that shadow flicker does not unduly affect a building sited in the shadow-flicker zone of the wind turbine.


The distance of the shadow-flicker zone from the turbine will be at its greatest when the Sun is at its lowest in the sky.




[image: Illustration shows the area affected by the shadow flicker of a turbine.]

▲  Figure 1.37 The area affected by shadow flicker






Planning permission


While permitted development exists for the installation of wind turbines, it is severely restricted so, for the majority of installations, a planning application will be required.


Permitted development applies where a wind turbine is installed:




	●  on a detached dwelling house



	●  on a detached building within the grounds of a dwelling house or block of flats



	●  as a stand-alone system in the grounds of a dwelling house or block of flats.






It is important to note that permitted development for building-mounted wind turbines only applies to detached premises. It does not apply to semi-detached houses or flats.


Even with detached premises or stand-alone turbines there are criteria to be met.




	●  The wind turbine must comply with the Microgeneration Certification Scheme (MCS) planning standards or equivalent. 



	●  Only one wind turbine may be installed on the building or within the grounds of the building.



	●  An air-source heat pump may not be installed on the building or within the grounds of the building.



	●  The highest part of the wind turbine (normally the blades) must not protrude more than 3 m above the ridge line of the building or be more than 15 m in height.



	●  The lowest part of the blades of the wind turbine must be a minimum of 5 m from ground level.



	●  The wind turbine must be a minimum of 5 m from the boundary of the premises.



	
●  The wind turbine cannot be installed on or within:




	●  land that is safeguarded land (usually designated for military or aeronautical reasons)



	●  a site that is designated as a scheduled monument



	●  a listed building



	●  the grounds of a listed building



	●  land within a national park



	●  an area of outstanding natural beauty



	●  the Broads (wetlands and inland waterways in Norfolk and Suffolk).









	●  The wind turbine cannot be installed on the roof or wall of a building that fronts a highway, if that building is within a conservation area.






The following conditions also apply.




	●  The blades must be made of non-reflective material.



	●  The wind turbine should be sited so as to minimise its effect on the external appearance of the building.






Compliance with Building Regulations


The Building Regulations applicable to the installation of micro-wind systems are outlined in Table 1.8.


▼  Table 1.8 Building Regulations applicable to micro-wind systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for cables are made, this may reduce the soundproof integrity of the building structure.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.













Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of micro-wind systems are:




	●  the requirements of the distribution network operator (for on-grid systems)



	●  BS 7671: 2018 (as amended) The IET Wiring Regulations






The advantages and disadvantages of micro-wind systems


The advantages of micro-wind systems are that they:




	●  can be very effective on a suitable site as the UK benefits from Atlantic winds



	●  produce no CO2 emissions



	●  produce most energy in the winter, when consumer demand is at its maximum



	●  can be a very effective technology where mains electricity does not exist.






The disadvantages of micro-wind systems are that:




	●  initial costs are high



	●  the requirements of the site are onerous



	●  planning can be onerous



	●  performance is variable and dependent on wind availability



	●  micro-wind turbines cause noise, vibration and shadow flicker.








ACTIVITY


Using the internet, research information on the Rampion offshore wind farm. Find out details, such as:




	●  output power



	●  cost to construct



	●  the number of turbines



	●  location.









Micro-hydro


All rivers flow downhill. This movement of water from a higher level to a lower level is a source of free kinetic energy that hydro-electric generation harnesses. Water passing across or through a turbine can be used to turn a generator and thus produce electricity. Given the right location, micro-hydro-electric is the most constant and reliable source of all the microgeneration technologies and is the most likely of these technologies to meet all the energy needs of the consumer.




KEY TERMS


Kinetic energy: Energy of motion; the movement of an object can do work (energy) on anything it hits or is connected to.


Microgeneration technologies: Small-scale methods of generating electricity, such as solar photovoltaic, wind turbine and hydro.





As with the other microgeneration technologies, there are two possible system arrangements for micro-hydro schemes: on-grid and off-grid systems.


Working principles


While it is possible to place generators directly into the water stream, it is more likely that the water will be diverted from the main stream or river, through the turbine, and back into the stream or river at a lower level. Apart from the installation work involved with the turbines and generators, there is also a large amount of civil engineering and construction work to be carried out to route the water to where it is needed.


The main components of the water course construction are:




	●  intake, which is the point where a portion of the river’s water is diverted from the main stream



	●  the canal that connects the intake to the forebay



	●  the forebay, which holds a reservoir of water that ensures that the penstock is pressurised at all times and allows surges in demand to be catered for 



	●  the penstock, which is pipework taking water from the forebay to the turbines



	●  the powerhouse, which is the building housing the turbine and the generator



	●  the tailrace, which is the outlet that takes the water exiting the turbines and returns it to the main stream of the river.








[image: Illustration of a micro hydro system shows its parts.]

▲  Figure 1.38 The component parts of a micro-hydro system






To ascertain the suitability of the water source for hydro-electric generation, it is necessary to consider the head and the flow of the water source.




[image: Waterfall explains the meaning of Head and Flow.]

▲  Figure 1.39 The meaning of ‘head’ and ‘flow’








Head


The head is the vertical height difference between the proposed inlet position and the proposed outlet. This measurement is known as ‘gross head’.


Head height is generally classified as:




	●  low head, below 10 m



	●  medium head, 10–50 m



	●  high head, above 50 m.






Net head


This is used in calculations of potential power generation and takes into account losses due to friction as the water passes through the penstock.


Flow


This is the amount of water flowing through the water course and is measured in cubic metres per second (m3/s).




INDUSTRY TIP


There is no absolute definition for each head height classification. The Environment Agency, for example, classifies low head as below 4 m. Some manufacturers specify high head as above 300 m.






Turbines


There are many types of turbine but they fall into two primary design groups: impulse turbines and reaction turbines. Each design group is better suited to a particular type of water supply.




[image: Schematic diagram shows an impulse turbine.]

▲  Figure 1.40 Impulse turbine






Impulse turbines


In impulse turbines, the turbine wheel or runner operates in air, with water jets driving the runner. The water from the penstock is focused on the blades by means of a nozzle. The velocity of the water is increased but the water pressure remains the same, so there is no requirement to enclose the runner in a pressure casing. Impulse turbines are used with high-head water sources. Examples of impulse turbines are given below.


The Pelton turbine consists of a wheel with bucket-type vanes set around the rim. The water jet hits the vane and turns the runner. The water gives up most of its energy and falls into a discharge channel below. A multi-jet Pelton turbine is also available. A Pelton turbine is used with medium or high-head water sources.


The Turgo turbine is similar to the Pelton but the water jet is designed to hit the runner at an angle and from one side of the turbine. The water enters at one side of the runner and exits at the other, allowing the Turgo turbine to be smaller than the Pelton for the same power output. This type of turbine is used with water sources with medium or high heads of water.




[image: Outline sketch shows a Turgo turbine.]

▲  Figure 1.41 Turgo turbine








[image: Three-dimensional illustration shows an impulse turbine.]

▲  Figure 1.42 Impulse turbine






With the cross-flow or Banki type of turbine, the runner consists of two end-plates with slats, set at an angle, joining the two discs – much like a water wheel. Water passes through the slats, turning the runner and then exiting from below. This type of turbine is used with water sources with low or medium heads of water.


[image: Three-dimensional illustration shows a cross-flow turbine, also known as the Banki turbine. ]

▲  Figure 1.43 Cross-flow or Banki turbine






[image: Outline sketch shows a reaction turbine. ]

▲  Figure 1.44 Reaction turbine






Reaction turbines


In a reaction turbine, the runners are fully immersed in the water and enclosed in a pressure casing. Water passes through the turbine, causing the runner blades to turn or react.


Examples of reaction turbines are described below.




[image: Three-dimensional illustration shows the Francis wheel turbine.]

▲  Figure 1.45 Francis wheel turbine






In a Francis wheel turbine, water enters the turbine housing and passes through the runner, causing it to turn. This type of turbine is used with water sources with low heads of water.




[image: Illustration shows a Kaplan turbine, also known as a propeller turbine. The turbine is fully immersed in water and points downwards. The turbine has angled blades. Two downward arrows are shown on either side of the turbine, above the blades.]

▲  Figure 1.46 Kaplan or propeller turbine








Kaplan (or propeller) turbines work like a boat propeller in reverse. Water passing the angled blades turns the runner. This type of turbine is used with water sources with low heads of water.


The Archimedes’ screw consists of a helical screw thread, which was originally designed so that turning the screw – usually by hand – would draw water up the thread to a higher level. In the case of hydro-electric turbines, a reverse Archimedes’ screw is used: water flows down the screw, hence reverse, turning the screw, which is connected to the generator. This type of turbine is particularly suited to low-head operations but its major feature is that, due to its design, it is ‘fish-friendly’ and fish are able to pass through it. For this reason, the reverse Archimedes’ screw may be the only option if a hydro-electric generator is to be fitted on a river that is environmentally sensitive.


[image: Illustration shows a reverse Archimedes screw used in a hydroelectric turbine.]

▲  Figure 1.47 Reverse Archimedes’ screw




Location and building requirements


The following factors should be taken into account when considering the installation of a micro-hydro turbine.


The location will require a suitable water source with:




	●  a minimum head of 1.5 m



	●  a minimum flow rate of 100 litres/second.






The water source should not be subject to seasonal variation that will take the water supply outside of the above parameters.


The location has to be suitable, to allow for construction of:




	●  the water inlet



	●  the turbine/generator building



	●  the water outlet or tail race.






Planning permission


Planning permission will be required.


A micro-hydro scheme will have an impact on:




	●  the landscape and visual amenity



	●  nature conservation



	●  the water regime.








VALUES AND BEHAVIOURS


The planning application for a micro-hydro scheme will need to be accompanied by an environmental statement detailing any environmental impact and what measures will be taken to minimise these. An environmental statement typically covers:




	●  flora and fauna



	●  noise levels



	●  traffic



	●  land use



	●  archaeology



	●  recreation



	●  landscape



	●  air and water quality.









Compliance with Building Regulations


The Building Regulations applicable to the installation of micro-hydro systems are outlined in Table 1.9.


▼  Table 1.9 Building Regulations applicable to micro-hydro systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes or cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes, cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes or cables are made, this may reduce the soundproof integrity of the building structure.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.













Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of micro-hydro systems are:




	●  BS 7671: 2018 (as amended) The IET Wiring Regulations



	●  G98 Requirements for Grid-tied Systems



	●  Microgeneration Certification Scheme (MSC) requirements



	●  Environment Agency requirements.






In England and Wales, all waterways are controlled by the Environment Agency. To remove water from these waterways, even though it may be returned – as in the case of a hydro-electric system – will usually require permission and a licence.


There are three types of licence that may apply to a hydro-electric system.




	●  An abstraction licence will be required if water is diverted away from the main water course. The major concern will be the impact that the project has on fish migration, as most turbines are not fish-friendly. This requirement may affect the choice of turbine (see reverse Archimedes’ screw, shown in Figure 1.47). It may mean that fish screens are necessary over water inlets or, where the turbine is in the main channel of water, a fish pass around the turbine may need to be constructed.



	●  An impoundment is any construction that changes the flow of water. An impoundment licence will be required if changes or additions are made to sluices, weirs and so on that control the flow within the main stream of water.



	●  A land drainage licence will be required for any changes made to the main channel of water.






An environment site audit (ESA) will be required as part of the initial assessment process. An ESA covers:




	●  water resources



	●  conservation



	●  chemical and physical water quality



	●  biological water quality



	●  fisheries



	●  managing flood risk



	●  navigation of the waterway.






The advantages and disadvantages of micro-hydro systems


The advantages of micro-hydro systems are that:




	●  there are no on-site carbon emissions



	●  large amounts of electricity are output, usually more than required for a single dwelling; the surplus can be sold



	●  there is a reasonable payback period



	●  they are excellent systems where no mains electricity exists



	●  they are not dependent on weather conditions or building orientation.






The disadvantages of micro-hydro systems are that:




	●  a high head or fast flow of water is required on the property



	●  planning permission is required, which can be onerous



	●  permission from the Environment Agency is required for water extraction



	●  strengthening of the grid may be required for grid-tied systems



	●  initial costs are high.






MICRO-COMBINED HEAT AND POWER


In micro-combined heat and power (mCHP) technologies, also referred to as co-generation energy technologies, a fuel source is used to satisfy the demand for heat but, at the same time, generates electricity that can either be used or sold back to the supplier. Currently, mCHP units used in domestic dwellings are powered by means of natural gas or liquid propane gas (LPG), but could be fuelled by using biomass fuels. Figure 1.48 represents, from left to right, an old, inefficient gas boiler, a modern condensing boiler and an mCHP unit.


[image: Schematic representation of three types of boilers compares their efficiency.]

▲  Figure 1.48 The efficiency of different boilers




Working principles


With the old, inefficient gas boiler, 65 per cent of the input energy is used to provide heating for the premises; 35 per cent is lost up the flue. With the modern condensing boiler, this lost heat is reused so that the output to the heating is 95 per cent. The mCHP unit will achieve the same efficiencies as the modern condensing boiler but 80 per cent of the input is used to provide heat and 15 per cent is used to power a generator.







VALUES AND BEHAVIOURS


Reducing the cost as well as the environmental impact of any installation is important. There are obvious savings to be made in replacing an old, inefficient boiler with an mCHP unit. On a unit-by-unit comparison, gas is cheaper than electricity, so any electricity generated by using gas means a proportionally greater financial saving over using electricity.





In addition to this saving, locally generated power reduces transmission losses, and consequently creates less CO2, than if the electricity were generated at a power station some distance away.


This type of generation, using an mCHP unit, is known as ‘heat-led’; the primary function of the unit is to provide space heating, while the generation of electricity is secondary. The more heat that is produced, the more electricity is generated. The unit only generates electricity when there is a demand for heating. Most domestic mCHP units will generate between 1 kW and 1.5 kW of electricity. Micro-combined heat and power is a carbon-reduction technology rather than a carbon-free technology.




INDUSTRY TIP


Carbon-reduction technologies (CRTs) are technologies that reduce but do not eliminate the need for a fuel source. They can include combined heat and power systems, which use fuel more efficiently than conventional boilers or power generators. In contrast, carbon-free technologies use natural resources, such as wind. Carbon-reduction technologies also include low-energy, current-using equipment, such as LED lighting, because these technologies reduce the need for electricity, thus reducing carbon.





Combined heat and power (CHP) units have been available for some years but it is only recently that domestic versions have become available. Domestic versions are usually gas-fired and use a Stirling engine to produce electricity, though other fuel sources, and types of generator combinations, are available.


The key components of an mCHP unit are:




	●  an engine burner



	●  a Stirling engine generator



	●  a supplementary burner



	●  a heat exchanger.






When there is demand for heat, the engine burner works to:




	●  fire and start the Stirling engine generator



	●  produce about 25 per cent of the full heat output of the unit



	●  preheat the heating-system return water before passing it to the main heat exchanger



	●  pass the hot flue gases across the heat exchanger to heat the heating-system water further.






If there is greater demand for heat than is being supplied by the engine burner, then the supplementary burner operates to meet this demand.




[image: Illustration shows the parts of a micro C H P boiler. ]

▲  Figure 1.49 Component parts of a micro-CHP boiler






How the Stirling engine generator works


The first Stirling engine was invented by Robert Stirling in 1816. A Stirling engine is very different from an internal combustion engine; it uses the expansion and contraction of internal gases, caused by changes in temperature, to drive a piston. The gases within the engine do not leave the engine and no explosive combustion takes place, so the Stirling engine is very quiet when in use.


In the case of a Stirling engine used in an mCHP unit, the gas contained within the engine is helium.




	●  When the engine burner fires, the helium expands, forcing the piston downwards.



	●  The return water from the heating system passing across the engine cools the gas, causing it to contract.



	●  A spring arrangement within the engine returns the piston to the top of the cylinder and the process starts all over again.



	●  The piston is used to drive a magnet up and down between coils of wire, generating an electromotive force (emf) in the coils.






Connection of the mCHP unit to the supply


The preferred method for connecting an mCHP unit to the supply is via a dedicated circuit directly from the consumer unit. This method allows for easy isolation of the generator from the incoming supply.


Location and building requirements


For mCHP to be viable, the building should have a high demand for space heating. The larger the property, the greater the carbon savings. A building that is well insulated will not usually be suitable for mCHP, because a well-insulated building is unlikely to have a high demand for space heating.


If an mCHP unit is fitted to a building that is either too small or well insulated, the demand for heat will be low and the mCHP unit will cycle on and off, resulting in inefficient operation.



Planning permission


Planning permission will not normally be required for the installation of an mCHP unit in a domestic dwelling if the entire work is confined to the inside of the building. If the installation requires an external flue to be installed, this will normally be classed as permitted development as long as the flue to the rear or side elevation does not extend more than 1 m above the highest part of the roof.


Listed buildings or buildings in a designated area


Check with the local planning authority regarding both internal work and external flues.


Buildings in a conservation area or in a World Heritage Site


Flues should not be fitted on the principal or side elevation if they would be visible from a highway.


If the project includes the construction of buildings for fuel storage or to house the mCHP unit, then the same planning requirements will apply as for extensions and garden outbuildings.


Compliance with Building Regulations


The Building Regulations applicable to the installation of micro-combined heat and power systems are outlined in Table 1.10.


▼  Table 1.10 Building Regulations applicable to micro-combined heat and power systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes or cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes, cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes or cables are made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

J




	

Combustion appliances and fuel-storage systems




	

Biomass boilers produce heat and therefore must be installed correctly.









	

L




	

Conservation of fuel and power




	

Energy efficiency of the system and the building as a whole must be considered.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.













Other regulatory requirements to consider


Other regulatory requirements to consider regarding the installation of an mCHP unit are that:




	●  gas regulations will apply to the installation



	●  the gas installation work will need to be carried out by an operative registered on the Gas Safe register



	●  Water Regulations (WRAS) will apply to the water systems



	●  BS 7671: 2018 (as amended) The IET Wiring Regulations will apply to the installation of control wiring and the wiring associated with the connection of the mCHP electrical generation output



	●  G98 requirements will apply to the connection of the generator, although mCHP units do have a number of exemptions



	●  Microgeneration Certification Scheme (MSC) requirements will apply.






The advantages and disadvantages of micro-combined heat and power systems


The advantages of mCHP systems are that:




	●  the ability to generate electricity is not dependent on building direction or weather conditions



	●  the system generates electricity while there is demand for heat



	●  they save carbon over centrally generated electricity



	●  they reduce the building’s carbon footprint.






The disadvantages of mCHP systems are that:




	●  the initial cost is high compared with an efficient gas boiler



	●  they are unsuitable for properties with low demand for heat – small or very well-insulated properties



	●  there is limited capacity for the generation of electricity.






WATER CONSERVATION TECHNOLOGIES


Many people regard the climate of the UK as wet. It is a common perception that the UK has a lot of rain and, in some locations, this is true, especially towards the west, where average annual rainfall exceeds 1000 mm. Along the east coast, however, the average annual rainfall is less than half of this.


The population of the UK is expanding and the demands placed on the water supply systems are ever increasing. Hose-pipe bans in many parts of the UK are a regular feature of the summer months. In the UK, unlike in many other European countries, the water supplied is suitable for consumption straight from the tap, although we use water not only for drinking, but also for bathing, washing clothes, watering gardens and washing cars.




ACTIVITY


Visit the Met Office website.


Navigate the site to compare the annual rainfall for the following four locations, to get an idea of the rainiest and driest places in the UK:




	●  Walney Island, Cumbria



	●  Shoreham, Sussex



	●  Sennybridge, South Wales



	●  Lowestoft, East Anglia.














VALUES AND BEHAVIOURS


Even in the UK, clean, fresh water is a limited resource. With growing demand, the pressure on this vital resource is increasing. Water conservation is one way of ensuring that demand does not outstrip supply.





The two methods of water conservation covered in this chapter are:




	●  rainwater harvesting



	●  reuse of greywater.






Water conservation is one way of reducing the cost of water bills. Whether a water bill is based on the amount of water used (metered) or a fixed rate (unmeasured), it will contain two charges:




	●  charges for fresh water supplied



	●  charges for sewage or waste water taken away.






The amount of water taken away, which includes surface water (rainwater), is assumed to be 95 per cent of the water supplied. By conserving water, the waste-water charge, as well as the charge for fresh water supplied, can be reduced. Water conservation also helps to relieve the pressure on a vital resource.


Within the average home, the amount of water used for flushing toilets is estimated at 28.1 per cent of an average household consumption, according to the Energy Saving Trust, and there are obvious opportunities elsewhere for saving water. The technologies covered in this chapter are not concerned with reducing carbon directly or with making financial savings but are solutions for reducing consumption of this valuable resource.




[image: Pie chart shows the percentage distribution of water used for various purposes. ]

▲  Figure 1.50 How water is used






Rainwater harvesting


Rainwater harvesting refers to the process of capturing and storing rainwater from the surface it falls on, rather than letting it run off into drains or allowing it to evaporate. Reusing rainwater can result in sizeable reductions in wholesome water usage and thus monetary savings, as well as indirect carbon reductions.






KEY TERMS


Rainwater: Water captured from gutters and downpipes.


Wholesome water: Water that is palatable and suitable for human consumption; the water that is obtained from the utility company supply and is also known as ‘potable’ and ‘white water’.








If harvested rainwater is filtered, stored correctly and does not remain in storage tanks for an excessive period of time, it can be used for:




	●  flushing toilets



	●  washing vehicles



	●  watering the garden



	●  supplying a washing machine.






Harvested rainwater cannot be used for:




	●  drinking water



	●  washing dishes



	●  washing and preparing food



	●  personal hygiene, i.e. washing, bathing or showering.






Rainwater is classified as ‘fluid category 5’ risk, which is the highest risk category.




INDUSTRY TIP


For details on fluid categories, research Schedule 1 of the Water Supply (Water Fittings) Regulations 1999.





Working principles


The process of reusing rainwater involves:




	●  collection



	●  filtration



	●  storage



	●  reuse.








HEALTH AND SAFETY


Water collected from roofs covered in asbestos, copper, lead or bitumen may not be suitable for reuse and may pose a health risk. It may also result in discolouration of the water or odour problems. Water collected from hard standings, such as driveways, may be contaminated with oil or faecal matter.





The collection or capture of rainwater


Rainwater can be captured from roofs or hard standings. In the case of roofs, the water is captured by means of gutters and flows to the water-harvesting tank via the property’s rainwater downpipes. The amount of water that can be collected will be governed by:




	●  the size of the capture area



	●  the annual rainfall in the area.






Not all of the water that falls on the surface can be captured. During periods of very heavy rainfall, water may overflow gutters or merely bounce off the roof surface and avoid the guttering system completely.


Filtration


As the rainwater passes from the rainwater-capture system to the storage tanks, it passes through an in-line filter to remove debris, such as leaves. The efficiency of this filter will determine how much of the captured water ends up in the storage tank. Manufacturers usually quote figures in excess of 90 per cent efficiency.


Storage of rainwater


Rainwater storage tanks can be either above-ground or below-ground types and can vary in size, from a small tank next to a house, to a buried tank that is able to hold many thousands of litres of water. Below-ground tanks will require excavation works, while above-ground tanks will need a suitably sized space to accommodate them. Whichever type of tank is used, it will need to be protected against frost, heat from direct sunlight and contamination.


The size of the tank will be determined by the rainwater available and the annual demand. It is common practice to base the size of a tank on 5 per cent of the annual rainwater supply or the anticipated annual demand. A submersible pump is used to transport water from the storage tank to the point of demand.


The tank will incorporate an overflow pipe connected to the drainage system of the property, for times when the harvested rainwater exceeds the capacity of the storage tank. 


[image: Schematic diagram of the rain water harvesting cycle. ]

▲  Figure 1.51 Rainwater-harvesting cycle




Reuse of stored rainwater


Two system options are available for the reuse of rainwater that is collected and stored: indirect and direct distribution.


With indirect distribution systems, water is pumped from the storage tank to a supplementary storage tank or header tank located within the premises. This, in turn, feeds the water outlets via pipework separated from the wholesome water supply pipes.




[image: Three-dimensional illustration shows a header tank with backflow protection.]

▲  Figure 1.52 Header tank with backflow protection






The header tank will incorporate a backflow prevention air gap to meet the Water Regulations. The arrangement of water control and overflow pipes will ensure that the air gap is maintained. The rainwater level control connects to a control unit that operates the submersible pump, so that water is drawn from the main storage tank when required. At times when there is not enough rainwater to meet the demand, fresh water is introduced into the system via the wholesome water inlet, which is controlled by means of the wholesome water level control.


In direct distribution systems, the control unit pumps rainwater directly to the outlets on demand. At times of low rainwater availability, the control unit will provide water from the wholesome supply to the outlets. The backflow prevention methods to meet the requirements of the Water Regulations will be incorporated into the control unit. This type of system uses more energy than the indirect distribution system.


[image: Schematic diagram shows the pipework of the rainwater harvesting system installed in a building.]

▲  Figure 1.53 Rainwater-harvesting pipework




Location and building requirements


The following points should be taken into account when considering the installation of a rainwater-harvesting system.




	●  Is there a suitable supply of rainwater to meet the demand? This is determined by the annual rainfall and the amount of water used by the occupants of the building.



	●  A suitable supply of wholesome water will be required to provide back-up at times of drought.



	●  For above-ground storage tanks, the chosen location must reduce the risk of freezing, or the warming effects of sunlight, which may encourage algal growth.



	●  For below-ground tanks, consideration will need to be given to access for excavation equipment.







Planning permission


In principle, planning permission is not normally required for the installation of a rainwater-harvesting system if it does not alter the outside appearance of the property. It is, however, always worth enquiring with the local authority, especially if the system is installed above ground, if the building is in a designated area or if the building is listed.


Compliance with Building Regulations


The Building Regulations applicable to the installation of rainwater-harvesting systems are outlined in Table 1.11.


▼  Table 1.11 Building Regulations applicable to rainwater-harvesting systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes or cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes, cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes or cables have been made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Hot-water safety and water efficiency must be considered.









	

H




	

Drainage and waste disposal




	

Where gutters and rainwater pipes are connected to the system.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.












Other regulatory requirements to consider


The Water Supply (Water Fittings) Regulations 1999 apply to rainwater-harvesting systems. The key area of concern will be the avoidance of cross-contamination between rainwater and wholesome water. This is known as ‘backflow prevention’ and, as rainwater is classified as a category 5 risk, the usual method of backflow prevention is through use of a type AA air gap between the wholesome water and the rainwater.


Any pipework used to supply outlets with rainwater will need to be labelled to distinguish it from pipework for wholesome water. Outlets will also need to be labelled to indicate that the water supplied is not suitable for drinking.




[image: Illustration shows a pipework label that must be fitted where rainwater is being used. ]

▲  Figure 1.54 Pipework labels that must be fitted








KEY FACTS


BS 7671: 2018 (as amended) The IET Wiring Regulations will apply to the installation of supplies and control systems for a rainwater-harvesting system.


BS EN 16941-1: 2018 On-site Non-potable Water Systems; Systems for the Use of Rainwater also applies to these systems.






The advantages and disadvantages of rainwater-harvesting systems


The advantages of rainwater-harvesting systems are that:




	●  there is a reduction in the use of wholesome water



	●  the cost of water bills is reduced if the supply is metered



	●  the water does not require any further treatment before use



	●  they are less complicated than greywater reuse systems.








KEY TERM


Greywater: Waste water from wash basins, showers, baths, kitchen sinks and washing machines.





The disadvantages of rainwater-harvesting systems are that:




	●  the quantity of available water is limited by roof area, and demand for water may not be met during dry periods



	●  initial costs are high



	●  a water meter should be fitted.






Reuse of greywater


Greywater gets its name from its cloudy, grey appearance. Capturing and reusing greywater for permitted uses reduces the consumption of wholesome (drinking) water.




[image: Schematic diagram shows a building in which a greywater reuse system has been installed. ]

▲  Figure 1.55 Greywater reuse system






Greywater collected from wash basins, showers and baths will often be contaminated with human intestinal bacteria and viruses, as well as organic material, such as skin particles and hair. It will also contain soap, detergents and cosmetic products, which are ideal nutrients for the growth of bacteria. Add to this the relatively high temperature of the greywater, and the ideal conditions exist to encourage the growth of bacteria.


Untreated greywater deteriorates rapidly when stored, so all systems that store greywater will need to incorporate an appropriate level of treatment.




HEALTH AND SAFETY


Greywater is classified as fluid category 5 risk (the highest) under the Water Supply (Water Fittings) Regulations 1999. Greywater can pose a serious health risk, owing to its potential pathogen content.





If greywater is filtered and stored correctly, then it can be used for:




	●  flushing toilets



	●  washing vehicles



	●  watering gardens



	●  washing clothes (after additional processing).






Greywater cannot be used for:




	●  drinking



	●  washing dishes



	●  washing and preparing food



	●  personal hygiene – washing, bathing or showering.






Working principles


Several types of greywater reuse system exist but, apart from the direct reuse system, they all have similar common features. These are:




	●  a tank for storing the treated water



	●  a pump



	●  a distribution system for moving the water from storage to where it is to be used



	●  some form of treatment.






Direct reuse system


With a direct reuse system, greywater is collected from appliances and reused without treatment or storage. The greywater can be used for such tasks as watering the garden; even so, it is not considered suitable for watering fruit or vegetable crops.


Short-retention system


With a short-retention system, greywater from baths and showers is collected in a cleaning tank. Here, the greywater is treated, by means such as surface skimming, to remove debris, such as soap, hair and foam. Heavier particles settle to the bottom of the tank, where they are flushed away as waste. The remaining water is then transferred to a storage tank, ready for use.


The storage tank is usually relatively small, at around 100 litres, which is enough for 18–20 toilet flushes. If the water is not used within a short time, generally 24 hours, the stored greywater is purged, the system is cleaned and a small amount of fresh water is introduced to allow toilet flushing. This avoids the greywater deteriorating and beginning to smell at times when the premises are unoccupied for a long period of time.


A short-retention system can result in water savings of 30 per cent. It is ideal for installation in a new-build project but is more difficult to retrofit. The system is usually fitted in the same room as the source of the greywater.



Physical and chemical system


A physical and chemical system uses a filter to remove debris from the collected water (physical cleaning). After the greywater has been filtered, chemical disinfectants, such as chlorine or bromine, are added to inhibit the growth of bacteria during storage.


Biomechanical system


This type of system is the most advanced of the greywater reuse systems, using both biological and physical methods to treat the collected greywater. It has an indoor unit, about the size of a large refrigerator. The treatment process is as follows.




	●  Greywater enters the system and passes through a filtering unit where particles, such as hair and textiles debris, are filtered out. The filtering unit is electronically controlled to provide automatic flushing of the filter.



	●  Water enters a main recycling chamber, where organic matter is decomposed by biocultures.



	●  The water remains in this chamber for three hours before being pumped to the secondary recycling chamber for further biological treatment.



	●  Biological sediment settles to the bottom of each chamber, where it is sucked out and transferred to a drain.



	●  After a further three hours, the water passes through a UV filter to a final storage chamber, where it is ready for use.



	●  When there is demand for the treated water, this is pumped to the point of demand.



	●  At times when the availability of treated water is low, fresh water can be introduced to the system in the final chamber.






Water from this unit can be used for washing clothes as well as for the other tasks previously stated.


Location and building requirements


The following factors should be taken into account when considering the installation of a greywater reuse system.




	●  There needs to be a suitable supply of greywater to meet the demand. Premises with a low volume of greywater are not suitable for a greywater reuse system.



	●  Suitability of the location and the availability of space to store enough greywater to meet the demand of the premises must be assessed.



	●  Storage tanks need to be located away from heat, including direct sunlight, to avoid the growth of algae. They need to be located so that they are not liable to freezing in cold weather.



	●  There needs to be a wholesome water supply.



	●  Where greywater tanks are retrofitted, access for excavation equipment will need to be considered.



	●  A water meter will need to be fitted on the water supply to maximise the benefits.







Planning permission


In principle, planning permission is not normally required for the installation of a greywater reuse system if it does not alter the outside appearance of the property. It is, however, always worth enquiring with the local authority, especially if the system is installed above ground, if the building is in a designated area or if the building is listed. If a building is required to house the greywater storage system, then a planning application will need to be submitted.


Compliance with Building Regulations


The Building Regulations applicable to the installation of greywater reuse systems are outlined in Table 1.12.


▼  Table 1.12 Building Regulations applicable to greywater reuse systems


















	

Part




	

Title




	

Relevance









	

A




	

Structure




	

Where equipment and components can put extra load on the structure of the building, or the fabric requires modifications such as chases, the suitability of the structure must be considered.









	

B




	

Fire safety




	

Where holes for pipes or cables are made, this may reduce the fire resistance of the building fabric.









	

C




	

Site preparation and resistance to contaminates and moisture




	

Where holes for pipes, cables and fixings for the system are made, this may reduce the moisture resistance of the building and allow ingress of water.









	

E




	

Resistance to the passage of sound




	

Where holes for pipes or cables are made, this may reduce the soundproof integrity of the building structure.









	

G




	

Sanitation, hot-water safety and water efficiency




	

Where all connections are made to drainage systems.









	

H




	

Drainage and waste disposal




	

Where gutters and rainwater pipes are connected to the system.









	

P




	

Electrical safety




	

The installation of electrical controls and components must be considered.












Other regulatory requirements to consider


The Water Supply (Water Fittings) Regulations 1999 apply to greywater recycling installations. The key area of concern will be the avoidance of cross-contamination between greywater and wholesome water. This is known as ‘backflow prevention’ and, as greywater is classified as a category 5 risk, the usual method of providing backflow prevention is with an air gap between the wholesome water and the greywater.


Any pipework used to supply outlets with the treated greywater will need to be labelled to distinguish it from pipework for wholesome water. Outlets will need to be clearly labelled to indicate the water supply is not suitable for drinking.


There are other regulatory requirements to consider regarding the installation of greywater reuse systems.




	●  The local water authority must be notified when a greywater reuse system is to be installed.



	●  BS 7671: 2018 (as amended) The IET Wiring Regulations will apply to the installation of supplies and control systems for the greywater reuse system.






The advantages and disadvantages of greywater reuse systems


The advantages of greywater reuse systems are that:




	●  the cost of water bills will reduce if the supply is metered



	●  they reduce demands on the wholesome water supply



	●  a wide range of system options exists



	●  they have the potential to provide more reusable water than rainwater-harvesting systems.






The disadvantages of greywater reuse systems are that:




	●  there are long payback periods



	●  they can be difficult to integrate into an existing system



	●  only certain types of appliance or outlet can be connected; this causes additional plumbing work



	●  cross-contamination can be a problem



	●  a water meter will need to be fitted to achieve maximum financial gains



	●  the need for filtering and pumping may increase rather than decrease the carbon footprint.






Test your knowledge




	
  1  Which Part of the Building Regulations sets the requirements for resistance to the passage of sound?




	a  B



	b  C



	c  D



	d  E









	
  2  What is the heat source used in a solar thermal hot-water system?




	a  Biofuels.



	b  Radiation from the Sun.



	c  Natural gas.



	d  Ground-source energy.









	
  3  Which environmental technology uses slinkies in its system?




	a  Photovoltaic (PV) systems.



	b  Biofuel heat systems.



	c  Rainwater harvesting.



	d  Ground-source heat pumps.









	
  4  Which of the following is a common source of biomass fuel?




	a  Food waste.



	b  Coal pellets.



	c  Purified gas.



	d  Waste rubber.









	
  5  What term relates to a micro-wind system that supplies batteries which are independent from electrical supply systems?




	a  On-grid.



	b  Open source.



	c  Off-grid.



	d  Closed source.









	
  6  What is the device that converts DC to AC in a photovoltaic system?




	a  Rectifier.



	b  Converter.



	c  Inverter.



	d  Corectifier.









	
  7  What specifically affects the efficient output of a photovoltaic array?




	a  Direction and tilt.



	b  Height and tilt.



	c  Height and temperature.



	d  Direction and temperature. 









	
  8  Which technology creates shadow flicker?




	a  Micro-hydro.



	b  Wind turbine.



	c  Biomass fuel.



	d  Air-source heat.









	
  9  What is the name given to the pipework supplying water to a hydro-electric turbine?




	a  Tail race.



	b  Forebay.



	c  Penstock.



	d  Canal.









	
10  What does the abbreviation CHP stand for in environmental technologies?




	a  Coiled heat pump.



	b  Constant heated position.



	c  Cooled hydro power.



	d  Combined heat and power.









	11  State three suitable uses for harvested rainwater.



	12  Describe what needs to be considered when positioning a photovoltaic system.



	13  List the component parts in a solar thermal hot-water system.



	14  Explain how Part A of the Building Regulations affects the installation of a photovoltaic array.



	15  Explain what is meant by the term ‘permitted development’.



	
16  What form of environmental technology uses an evacuated-tube collector?




	a  Photovoltaic generators.



	b  Solar thermal hot water.



	c  Biomass heat boilers.



	d  Micro-wind turbines.









	
17  What technology requires servicing under F Gas Regulations?




	a  Photovoltaic generators.



	b  Biomass boiler systems.



	c  Ground-source heat pumps.



	d  Hydro generation systems.









	
18  What does the term ‘wholesome water’ refer to?




	a  Drinking water.



	b  Toilet waste.



	c  Dishwasher waste.



	d  Rainwater. 









	
19  What Approved Document details the requirements for electric vehicle charging systems in dwellings?




	a  A



	b  L



	c  R



	d  S









	
20  Which heating technology produces more heat output in watts compared to the energy consumed?




	a  Air-source heat pump.



	b  Electric panel heaters.



	c  Gas-fired boiler system.



	d  Oil-fired boiler system.









	
21  Which of these is used to store excess heat produced by a heat pump?




	a  Storage battery.



	b  Buffer tank.



	c  Slinkies.



	d  PV cell.









	
22  Which part of the refrigeration cycle causes the refrigerant gas to significantly increase in heat?




	a  Exchanger.



	b  Expander.



	c  Condenser.



	d  Compressor.









	
23  What is the optimum tilt angle for a solar array in the UK?




	a  0° to 20°



	b  20° to 30°



	c  30° to 40°



	d  50° to 60°









	24  Explain why a PV system may require planning consent.



	25  Explain why situating a wind turbine on a cliff is unsuitable.



	26  Explain the advantage of using a micro-CHP boiler.



	27  Give two disadvantages of an air-source heat pump.
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