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Foreword

The purpose of this toolkit is to contribute towards the achievement
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community groups to find ways ofmaximising community
involvement andenefts from renewable energy.
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Introduction

Who is this Dolkit for?

This toolkit has been produced to help community groups to develop renewable energy
LINEP2SOGaod WDNER dzLJa Q Y I #nindedindivigualdwishigghdstat O2 f €
something in their communitypr may be welestablished, constituted organisations linked

to a community facility (e.g. village hall or community centre) or with a wider purpose (e.g.
Development Trust).

It does not assume any detailed knowledge of the topic and so allows you idedebere
to start ¢ whether this means looking at the basics of energy generation and use, or at
specific detail of a particular renewable energy technology.

The Structure of the Toolkit Three steps

The toolkit is designed to allow you to work througtK I G & 2 dzZNJ O2 YYdzy A (i & Qa
and point you in the direction of further help and information to allow you to take a project
forward.

It is structured according to 3 steps:

e Yourcurrent position: chose which section is most relevant to your regments

¢ Information on your chosen topi¢Annex 2includes case studies to support and help
explain this)

¢ More detailed and supporting informatioron your chosen topicsin Annex1. This
along with links to further information in the body of the docwent will enable you
to determine you need for further advice and, most importantly, be in a position to
manage the provision of that advice and make decisions on it.

GCommunity needs

It is a good ideao start by developing an understanding of what theeds of your
communityare. These may be obvioggor examplethe community hall or centre may be
cold, difficult or expensive to heat and as a consequence, people may be reluctant to use it.
Theremay be concersithat through increasing heat and power penses it will become
unsustainable to run and will fall into disrepair and/or that the community will suffer by not
having an available meeting place. Alternativehwestment innew community building

may be under investigatigrso now is an ideal oppiinity to build in renewable energy
provision at the outset to help reducerigterm running costs. In addition, theommunity

might want to actively participate in reducing its greenhouse gas emissions and combating
climate change.



It may also be thathe community needs an ongoing source of income to help address
critical community needs and there may be a source of renewable energy nearby which
could be used for this yrpose. There may even belans for a private renewable
development near tahe community from which the community couldenefit.

Whatever thespecific requirement is, it is highly likely that a renewable energy project
could be taken forwardnd that this will bng a number of benefits to aommunity. For
example, by equipping eommunity centre with a renewable energy system, running costs
could be reducedthe centre would be warmwell usedand its carbon emissions/ould be
reduced

Your/ 2 Y'Y dzyRefu&einénts

Look at the followingheadingsand decide which one best descrggour current position.

You can then begin by going to the section of the guide most relevant to your requirements.
You cancome back to the table in the light of your new position and move onto another
section.

Your current position

Section

Beginner

1. Basics

Cold halk high bills

2. Enerqy efficient

buildings&
3. Technologies

Adjacent community
buildings/houses need
heating

4. District Heating

No grid connection

5. Off Grid Solutions

May generate more
electricity than needed

6. Generating and Selkin
Electricity

Commercial wind farm
locally

7.Securing Benefit from
commercial schemes

Group structure

8. Organisation and
consultation

Fundirg

9. Funding and Finance

Details

Annexl : Further Information

hiKSNJ O2YY
experiences

Annex2: Case Studies

A range of possibilities

Over the last few years an increasing number of camity groups have discovered that it
is possible to use renewable energy to benefit their community. There has also been a rapid

6



growth in the range and quality of renewable energy technologies available to generate
heat and power. There are now hundredssoichprojectsacross Scotlandhich areup and
running. Theyrange from micro wnd turbinesto solar thermal tohydropower ingallations

which helpmeet community energy needs. There may be one near you that would be worth
going to see



Section 1 Energy, Renewable Energy and Carbon Basics

1.1 Energy Basics

1.2 Renewables Energy Basics

1.3 Carbon Calculations

14 Renewable Energy and CarbBmissions

15 Community Relevance




1. Energy, Renewable Energy and Carligasics
1.1  Energy basics

WoOYySNHEQ Oly 0SS (RSTRZ SR2 NJaQ Wik A ®H AY S HRdzNBE R
which energy is generated or used is measured in Watts. One Watt is one Joule percecond

(Ish

The unit of Watts most commonly useahen discussing energy consumptiagnthe kilo
Watt ¢ i.e. 1000Watts¢ or 1kW.

1.1.2 Energy rating

Electrical appliances are rated in kilowatts. So, dgamplean oil filled radiant heaters
rated at 1.5kW. This means that wherthe heater isswitched on it will immedtely
consume up to a maximum Kk%/.

Wherelarge amounts of energy are generated or consumed, the units used are more likely
to be in one of the following formatsMega Watt (1,000,000 Watts diMW), Giga Watt
(1,000,000,000 Watts diGW) or even Tra Watt (1,000,000,000,000 Watts dFW).

1.1.3 Energy onsumption

Units of energy consumption argsually expressed in termaf the amount of energy used
over a certain period the standard term for this is kilowatt hours or kWh i.e. the amount of
energy consumed over an hour.

The 1.5kW heaterif left on for an hour with a constant electrical supply will therefore
consumel.5kWhof energy. By the same token, a 60W light bulb left on for an hour will
consume0.06kWh= 60 Watts X 1 hour 60 Watt hours or 0.06 kWh.

Electricity is sold by the kiy which equals 1 unit. The current domestic tariffiisund 13p
per kWh. Therefore keeping the electric heater om fohour will consume 1.%hinits of
electricityq 19.5p.

1.1.4 Energy generation

The same rationale is applied to energy generation. éeaors are rated in kWor MW,
indicating the maximum that can be generated at any moment. If a 1kW generator is
operating at full capacity for 1 hour it will generate 1kWh.

However, the amount of energy generated will depend on how much useful energy is
available to power the generator. It will only generate to its maximum rated levelisf it
supplied with sufficient useful energy. This applies equally sonalldieselgenerator or a
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wind generator, he only difference is that amalldiesel generatomwill generallyeither be

full on (with fuel), or off (no fuel) whereas the output from a wind generator will vary with
wind speed.

1.2 Renewableenergy basics

Understanding someenewableenergy basics will help you to work through what may be
possiblefor your community Below are someypical questions that arise as people seek to
understand how renewable energy works and why they should consider using it

1.2.1 What are the useful sources of renewable energy?

The main sources and how they can beduiaee summarised in the table below

Source Utilisation Output
Sunlight- heat Solar water heating Hot water
Biomass wood Combustiorg boiler or Heat

stove

Sunlightg heatfrom | Ground source heat pum| Heatand hot water
sun transferred to | Air sourceheat pump
soil, air or water Water source heat pump
Passive solar

Sunlight- photons Solar photovoltaic cells | Electricity

(PV)
Wind Wind turbine Electricity
Water Hydro turbine Electricity
Biomass wood Combustiong boiler (+ Heat(and electricity

steam turbineif electricity
generation is desired)

Biomassg; Anaerobic digestion Heat
biodegradable (decomposition without | (and dectricity)
matter oxygen produdng

methanegag - can also
use the gas to generate
electricity if desired
Wave(wind) Floating or shore based | Electricity
electrical generators
converting kinetic energy
from waves.

Tidal Underwaterelectrical Electricity
generators converting
kinetic energy from tides

1.2.2 Can we get free heat and power?
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As sources of renewable enerdike the wind, are freefuel costwill be free (the exception
being biomass which will have a cost in terms of sourcing pellets, woodchip or logs)
Ironically,though the fuel is free or low cost, the capital investment required to harness the
renewableenergy can sometimes be quite significant comparedraalitional (fossil fuel)
based systemd&All systems need to be regularly maintaingast as with traditional systems.

The Scottish Government provides grant assistance to community groups undgrtak
renewable energy projectsnore information is available here

http://www.energysavingtrust.org.uk/scotland/Scotland/Stish-Communityand
HouseholdeiRenewablegnitiative-SCHRBand
http://www.communityenergyscotland.org.uk/grarfunding.aspand in sectior®, Funding
and financing your project

For some communities with abundant renewable resources, the use of renewable
technologies will allow cost savings compared with traditional energy fuels and equipment.

1.2.3 How, in practicedoesit compare with using traditional energy sour@es

CNRY (GKS dzaSNRa LISNBRLISOGAGST GKSNB Aa y2 NBI
renewable systems compared with traditional souragsiserfriendly control panels are
standard.

With certan technologies, however, there is a requirement to be aware of the limits of
operation and to think a bit more carefully about energy requiremerfi®r example, a
ground source heat pump can be idéar providing background warmth, but cannact
instartaneouslyto provide mmediateadditionalheat.

However, he ongoing cost of renewable enerdyased systemss likely to be lower than
those based orfossil sources. Fossilelsare widely expected to increase in cost as global
demand increases.In addition, as theuse of renewable systemsincrease, economies of
scale will mean installation costs will become more competitive.

In terms of heat supplythe key practical difference betwedniomassand fossil energy
sources is theienergy densityEnegy density is a measure of how much energy is stored
per unit mass of the material in questiom general, renewable energy sources are less
energy dense then fossil sources. This has two practical implications:

e More space to storer extractthe energysource is required;
e It takes longer to harness an equivalent amount of useful energy.

So, for example, you will need a larger storage facility for, wdngsthan for oil for an
equivalent heat output.
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1.3 CarbonCalculations basics

Energy consunption is one of the main sources of mamade carbon dioxide emissions to
the atmosphere.

1.3.1 Carbon(C)or Carbon bxide(CQ)?

Carbon dioxide isne of the greenhouse gases thaintribute to global warming, bubften
statistics and information redfr to carbon only. This doa®ot really matteras long as there is
aconsistercyin whichisused.

Emissions of either C or £fre often expressed in kilograms (1000g) or tonnes (1000kg) but
it is important to remember that CQ as a molecule of carboplus two molecules of
oxygen, weighs more 3.67 times more.For this reason, any figure for the weight of CO2
will be 3.67 times more than the figure for carbalone

1.3.2 Is carbon dioxide the only greenhouse gas?

Greenhouse gass arethose gasseshit trap heat in the atmospherand listed below are
the six most important oneas perKyoto protocol

Greenhouse gases
Carbon dioxide
Methane

Nitrous oxide
Hydrofluorocarbons
Perfluorocarbons
Sulphur hexafluoride

Carbon dioxide and methane are thmain greenhouse gases that arise from human
activities. Water vapour is also an important greenhouse gas as it traps heat in the
atmosphere.

Carbon dioxide is typically produced when something is burnt to produce energy. Methane
is produced mainly by bggria which decompose organic matter in anaerobic conditions i.e.
where there is no oxygeq typically in a land fill site, or in coal mines, or in cattle rearing.
(Controlled anaerobic digestion uses the methane released as an energy sostessd of
releasing it to the atmospheresee section on 4.4 2naerobic digestion

Natural sources of methane include wetlands and peat badihough far less methane is
emitted than carbon dioxidemethane is 23 times more &fttive at trapping heat in the
atmosphere and is therefore a more potent greenhouse gastonne Anaerobic Digestion
technologiescancapture methane generated kijhe decomposition of organic matter, and
use it for heat or electricity generation

12



1.4  Renewable energy and carbon emissions

Substitutingenergy from fossil fuelaith renewable energys an important way to reduce
carbon dioxide emissions. This is because when fossil (ted$, gas oil etc@re burnt and
carbon dioxide is producedhere is no way of replenishing that resource or securing the
carbon dioxide emitted.

Renewable energy sourcesich as wind, wave, tidal, hydro and sotae all carbon free
fuels,with capture of the energy at locations where the resource is abundaetlan has
one of the best wind, tidal and wave energgsourcesin the world and also has a high
amount of hydro resource available.Carbon dioxide emissionsre created in the
construction of plant and equipmentbut studies suggest that the g@mitted during
manufacture of plant isoffset after the first few years of operatigngiven that the
renewable technology displaces energy previously sourced from fossil fuels.

Biomass; wood and biogag when combusted as fuels do cteacarbon dioxide emissions
but as biomass resources can be replanted and as the growth cycle absorlsii®@ the
life of the plant, essentially this is seen as,@@utral. However there are G@missions
associated with the transport of biomass fuel from resource area to end arsaion.
Where this does happen, it is @ much reduced levein compaison to fossil fuelsas
biomass resources are usually sourced from local supply chains.

The relative carbon dioxide emissidias biomass and fossil fue{excluding constretion of
plant) are presented below.

Coal oz

Electricity
Oil
Gas

Ground Source Heat Pump

Imported wood pellets (automated boiler)

Imported wood pellets (air-dried and automated boiler)
Imported wood pellets

Imported wood pellets (air-dried)

local wood pellets (automated boiler)

local wood pellets (air-dried and automated boiler)
local wood pellets

local wood pellets (air-dried)

local woodchip
local woodchip (air-dried)

local logs

0 200 400 600 800 1000 1200

CO, emissions (g/kWh)

The Carbon balance of wood fuel, fossil fuels and ground source heat pumps
(From: Northern Wood Heat The Carbon Balance of Wood Fuel (Highland Birchwoods / Northern
Woodheat; Northern periphery Programme, 2007)
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1.5 Community relevance

For communities to engage their members on carbon reduction and energy projects it can
be useful to explain and promote the benefits of acting as a grduere are a great deal of
opportunities, support and momentum to be gained frontiag collectively as a community
group to address concerns efiergy security.

This toolkit explains how this can be achieved practically in terms of the technologies
involved ection 3, size and types of projectsgction 4 section § section 6andsection?),
community organisationsgction § and funding availabilityséction 9.
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2. Energy efficientbuildings

This section deals with energy efficiency issues and will help communities understand how
best to tacke inefficient buildings or practices. It covers some technical detail which could
be useful if a community is looking at improving building performance and energy usage.

2.1 Assessing Heat Loss and Insulation Requirements

Immediate savings on energy rcabe obtained by applying simple energy efficiency
measures. These include:

- Draft proofing

- Adding new or more insulation into walls, ceilings and under the floor

- Installing double glazing

- Using lowenergy light bulbs

- Blocking off unused chimneys

- Installing white goods with high ratings for energy efficiency

- Raising the awareness of those that use the facility as to best practice regarding
energy efficiency.

Buildings built before 2002 will not be as energy efficient as more modern buildings.
Therefore, vihere possiblejt would be advised to have thieuilding improved to at least
current day building standards so thataxinum benefit can be gained from renewable
technologies. Planning the installation of any renewable energy heating system will require
consideration ofheat load, heat loss and insulation

A good source of advice and information on energy efficiency measures, and current
building standards is Scottish Building Standdmitis:// www.sbsa.gov.ukThey alsohave a
useful guide available &ttp://www.sbsa.gov.uk/homeimprovements.html

Further information on energy efficienegeasuresand funding is available at
http://www.energysavingtrust.org.uk/Whatanl-do-today and
http://www.energysavingtrust.org.uk/scotland/Scotland/Consumers

2.11 What is Heat Les?

Heat Losss the amount of heat that transmits from the inside to the outside of a building
through walls, windows, roof and other building surfaces. Heat loss is expressed as Watts
per metre squared (W/A). The rate at which heat is lost from a biilgl is determined by
many factors. Understanding how to minimise these factors can help to save money and
carbon emissions.
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How a house's heat is lost

2.1.2 How do we assess heat loss?
Heatloss can be estimated using the following equation:
Total building hetloss = Fabric Heat Loss + Ventilation Heat Loss.

The use of an infrarethermal imaging cameraan also give a visual indication of where
heat is being lost from a building. Thermal imaging involves measuringMawg infrared
radiation (heat) and didpying it as a visible picture. Thermal imaging can detect defects in
insulation, air leakage, dampness, hidden objects such as flues and air ducts, damaged areas
of insulation and blocked heating distribution pipes, locating central heating pipes.

Infra red photo of a building brightests colours indicate highest heat loss

2.1.3 How can we minimise heat loss?
Get asurvey carried out for thebuilding to see where the levels of insulati@man be

improved to current building standards. The llimving measures can all help improve
energy efficiency of buildings and reduce heat loss.
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Draught Proofing

Draught proofing is an inexpensive measure which can be used to increase the insulating
values of windows and external doors in buildings.ugha proofing can be fitted todtter

boxes, access hatches and loft hatches.

Improving building fabric

Walls, windows, doors and other materials that make up a building envelope all have
different levels of insulating properties. Older buildings can haghédr ceilings and minimal

or no insulation which requires a lot of energy to heat. New buildings are designed to meet
specific building regulations on insulation levels to prevent heat loss. If the date of
construction ofthe buildingis known,the minimum levels of thermal performance it should
comply withcan be found out Further information is available on the Scottish Building
Sandards websiténttp://www.sbsa.gov.uk/homeimprovements.html

Insulation

Insulation is any material used to reduce heat loss. When insulation is placed in walls,
ceilings or floors it reduces the loss or gain of heat from outside sources. The ability of
material to retain heat or reduce loss is expressed ag-iglue.

U -value is a measure of the amount of energy that will pass through an area of material
when there is a 1°C difference in temperature between inside and outvallies are
expressed in W/ifK.Lower Uvaluematerials ae better at preventing heat loss

Floor Insulation
Insulation can be fitted between suspended floor joists or under raised access floors to help
prevent heat escaping though the floor. This should be standard where under floor heating
has been fitted.

Loft/Ceiling Insulation

Current bulding regulations state the insulation in these areas should be of a depth of at
least 270mm. It is essential that water tanks and pipe work present in the loft space are
insulated also, but taking care not to insulate underneath the water tank as thid cause

the water to freeze.

Typical loft insulation and pipe lagging
Photo from CES library
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Solid Wall Insulation

For walls there are options to insulate both externally and internally. Internal wall insulation
comes in the form of insulateplasterboard. The most common form of external insulation
is external render or cladding.

Cavity Wall insulation

Cavity wall insulation can result in up to an 85% improvement in wall performa&toeck
that the building has a cavity wall structureif there are no building plans and it et
possible tatell from the appearance, a local insulation compaayassesshe building free

of charge bydrilling a small hole in the watlb determinewhether it isa solid or cavity wall.
Cavity wall insulatioms usually installed by drilling holes in the outer membrane of the wall
and blowing in the insulation.

Glazing

Heatloss from the most thermally efficient window is still ten times more than the most
thermally efficient wall. For this reason secondargulle or triple glazing will provide a
beneficial increase to the thermal performance of windows. Conversion to Double or Triple
Glazing windows can be expensive. The addition of a secondary layer of Perspex can prove
less expensive but can still providenefits.

Air tightness

A leaky building will allow heat to escape through poorly fitted windows, doors, and wall
joins. Sealing the building envelope will prevent heat from escaping. Air tightness or
pressure testing of a building can test for leakagetightness testing is a legal requirement
for community buildings with a usable floor area greater than 500m

Note that with the addition of any energy efficiency measures it is extremely important to
allow for adequate controlled ventilation, otherwis damp and condensation can build up.
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2.2  What is the Heat Load of a Building?

The Heat Loadof a building is the amount of energy required to raise and maintain the
temperature of the structure to the desired level. Heat Load is usually expres&&d.imhis
value is used to determine the size of heating system required for the building. This is
usually calculated on a room by room basis then scaling up to give a total heat requirement
for the building. Sizing the heating plant correctly is importastan incorrectly sized plant

will result in inefficient operation.

A heating plant is sized to overcome the heat losses of a building. The calculation also takes
into consideration the internal and external design temperatures.

The Internal Design tengpature will depend on what temperature is required for the
specific uses of the building. The External Design temperature will depend on your location
in the country. For example the typical Scottish External Design temperatu4°@s
However if you aran a more extreme location such as Aviemore this canl@C. The
actual external temperature can go below thesig temperature but it is not practical or
economic to design for heating system for 100% of the time.

The size and shape of a buildinglwifluence the amount of heat that is lost through the
building envelope. The larger the building the larger the external surface area the more heat
is lost through the building. Conversely the smaller the building the less opportunity there is
for heat o escape. A south facing building will also benefit from solar gain ensuring that
maximum daylight is absorbed by the building.

The number ofair changesrequired in your building will differ depending on the specific
usage of your building. Fresh aiorh the outside will be cooler so will require energy to
heat up.

When designing a new building speak to your architect about designing an energy efficient
building, minimising heat loss and maximising solar gain.

2.3  Definingoptions

For a group abouto explore whether renewable technologies can bring benefit to alloca
communityand have identified the key needs of the communihe nextimportant step is

to defineoptions. This W require analysisf the local resourceand an assessment of what
the most efficient andeneficial technologyvould be.In some cases it may be necessary to
gain expert advice andommission a report or a feasibility study by a specialist. Studies
which may need to be undertaken include

- Energy Audits
- Option Studies
- Feasibility Studies

Potential Gains from these studies include:
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- Increased knowledge of how thmiilding operates from an energy perspective.
- An indicationof possible improvements to thieuilding.

- An indication of whetherenewables are feasible in thedalarea.

- An understanding of whictenewables are feasible for th@oject.

- A strengthened application to funding bodies

Carrying out a studgan add additional time to g@roject However, it can also give a
community group better knoledge and undersinding of whabptions are available.

L¥ | &addzRé A& ySOSaalNeBs AdQa | 3JF22R ARSI
requirements for the best option.

For more information on how to approach eafsibility study, sednnex1l. ®ethe Scottish
Renewables Forunvebsite for a list of consultants active in Scotland.

2.4  Optionsg an initial guide

For groups initially assessing optiottge following table willhelp guidethe readerthrough
this toolkit.

If not alreadyconsideredthe first statement on this tabl@eeds to be addressed if dealing
with an existing building Once completed choose one or more of the subsequent
statementswhich most reflectsthe position of the group then go b the relevant option
identified for more information.

State of building Option Section
We have not assessed he Get some help in assessing heat dem¢ heat loss and
demand, heat loss, 0 and het loss to help scale your hej insulation
insulation  requirements| requirements
There is littléno insulation| Assess scope for insulation before do
in our building. anything else
It has a sunny/open aspect If you need hot water, solar water pang solar_water heat

may be an ption ing
It is in a windy location an{ A wind turbine to power heatersdirect | direct heatirgy
has land nearby heating from wind may be an option from wind
We have a river nearby A hydroelectric plant may be an option | Hydropower
basics

We have a daily demand f¢ A boiler burning logs, woodchip or pelle Biomass heating
heat and hot water and ¢ may ke an option District heating
local supply of wood
We need a reasonabl A heat pump may be an option Heat pumps
constant backgrounc
warmth
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We are planmg a new| Careful design could significantly redu SBSA website
building energy requirements

2.5 Planning applications and Building Regulations

In almost all projects involving installations on or adjacent tddmgs, planning consent
and a building warrant are likely to be required. It ise#ial to check first witHocal
authority planning and buding control departmentsThe Scottish Government &arought

to Parliament the conclusion of the General Pdted Development Rights (GPDR)
consultation Thisbrings solar panels, ground source heat pumps and biomass boilers
(specifically flues) into permitted developmer@) so for most circumstances planning
permission will not be required for such instaitats. There are restrictions in areas of
conservation status. Further information on this can be found at:

The Town and Country Planning (General Permitted DevelopmeBméstic
Microgeneration) (Scotland) Amendment Order 2009
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3.  Technologies

This section discusses the variety of technologieg have been employed by community
groups across Scotland. The principles of how the technology works is provided along with
the key issues regarding installation and operation. Case studies for each technology are
referenced and in Annex 2. Furtherfarmation regarding installers, ROCs (Renewable
Obligation Certificates) and FITs (Feed In Tariffs) are introduced.

Other sources of assistance and information may be found at the Community Action for
Energy Programme (CAf&hich is a UK wide programmaéat provides case studies on
community energy projects.

www.energysavingtrust.org.uk/cafe

A recent energy report that investigatéise best types of technology for rural, semi urban,
and urban commuities in terms of cost and G@avings is availablend may help guide
communities to look at technologies that are more appropriate for their locations.
http://www.energysavingtrust.org.uk/corporate/Globdbata/Publications/Powein-
numbersfull-report

3.1 Solar water heating

Solar themal panels work on the principle of using thde&ect heat from thesun to heat
water for use in buildingsSolar water heating systenmavethree phases;

e collection of solar heat (radiatiowja a collectoo W& 2 € | NJ LI y St QU
¢ transfer of the collected hat to the water
e storage of the hot water in a hot water tank

The solar panels are usually roof mounted and are connected viawmgeto ahot water
tank and control unit.Roof mounting will normally requirdrilling into existing tiles which
can thenbe sealed with suitable sealanté. survey should be carried out to determine the
load bearing qualities of the roof.

The heat absorbed by the solar panel collectors is transferred to water whalcidated
around these collectordy a pump. Thenheated water is then stored irthe tank which
normally has provision foran electrically operated heater or other form of heating input.
Some systems may require the replacement of your existing hot water. aflen the

levels of sunlight are low or demand for rdestic hot water is highthe heater is used to
boost water temperature in the tankror public installations it is necessary to ensuratth

the hot water in the tankeaches62°/ (12 LINB@Syd [ S3IA2yyl ANBQa

There are two main types of solar pdmeevacuated tube and flat plate collector
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3.1.1 Evacuated tubes

Evacuated tubeworks so that there are twin tubes with a vacuum between the tubasd

the inner one is normally coated in a material théisarbs heat well. The vacuuis heated
by radiation from the sun which is then transferred to the inrtabe and from there to an
inner pipe network which works to heat water througmanifold exchange.

This results in an efficient system as the vacuum prevents heat loss, and also there & often
high reflectivity membrane behind the tubes which increases capture of heat even further.

Evacuated tube solar water heating tubes
Photo from CES library

Evacuated tubes are:

e Generally more expensive than Flat Plate.
e Good for areas wherthere is low amounts of sunshine.
e Can be affected by high winds

3.1.2 Flat date collectors
Flat plate collectors are generally cheaper than evacuated tube collectors, as their
manufacturing process is cheaper. The standard flat plate collector t®n$ia system that

has a collector sitting éhind a highly absorptive panelhi§ collects the heat via a heat
absorbing fluid and the water is heated by closed loop system in the hot water tank.
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Flat plate collector solar water héing panels
Photofrom CES library

Flat plate collectors are:

¢ Relatively cheap compared to Evacuated Tubes.
e Good for areas that have a lot of sunshine.
e Deemed to be more stable for windier locations

However although evacuated tubes are more efficient p&, flat plat collectors generally
have greater surface area per panel so there is often not a great deal of extra energy to be
collected to from an evacuated tube system.

See casestudy 1, Hilton Community Cafe, Inverness and case stud
Dunbog Hall, Fife, for examples of projects using flat plate collectors
solar water heatina.

3.1.3 Appropriate areas for solargnels

Solar paels are suitable for stallation on buildings which have a large parttbiir roof
facing in the general direction of south, and a moderate amount of sunlight. The pitch of the
solar panel can be individualised on installation to either gain the maximum sunlight
throughout theday as a whole, or to be able to generate more electricity/thermal energy in
the morning or afternoon depending on your own energy consumption. The usual pitch of a
solar panel in Scotland is between-80° from the horizontal. When deciding upon which
type of solar panel is most appropriate #oproject, it is alwaysadvisable tolook at the
amount of sunshine that could be received ahé energy requiremerg of the project It is
important to match the product with the demand so as to operate with thesiefficient
system forthe community group.

For more information see:
http://www.energysavingtrust.org.uk/Generatgour-own-energy/Typesof-
renewables/Solawater-heating
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3.1.4 Checklist for glar thermal panels

This section provides a selection of top tips for installing solar thermal panels. It should be
noted this is not an exhaustive list and all projects present individual circunesatac
consider.

1. The size and type of panel needs to be considered and matched with demand as

does the size of hot water storage.

Mounting direction and panel angle is crucial to maximise heat input.

3. Surfaces and roofs where the panels are to be mountedtrbe capable of carrying

the additional weight.

The system needs to be protected against frost and boiling.

Allow provision of a heat meter to show you how much energy you have gained from

the sun.

6. The installation may require a new hot water tank to ogterand provide sufficient
storage.

7. There may be scope to provide some solar heating as well as domestic hot water if
this is designed into the system.

8. Depending on what is expected of the system it may need some backup heating for
the water such as anettric immersion heater. Solar works well as a supplementary
source of energy to another primary source, so for example it can be integrated well
with other renewable technologies through the use of a buffer or accumulator. tank

9. Remember the amount of wateheated will change throughout the year as sunlight
levels change.

N

o s

3.2  Photo wltaic panels

t K2G2 @2fG0G1FA0 LIySta otx0 ¢2N] 2y GKS LINA)
electricity. Because of a semmonductor material manufactured into the Pdanel, when

light is applied to the pangklectrical current is producedsolar PV panels are generally

installed by attaching tahe existing tile structure on a roof, but some manufacturers are

now manufacturing solar panels that can be installedilas integrated into the roof.

PV panels are usually roof mounted and must face the general direction of south in order to
be effective. A survey should be carried out to assess the load bearing qualities of the roof.

The capital cost of equipment purcéaand installation can be high.

See case study, Bgoil na Colille, Salefrgyll, in Annex 2 for an example
a project using pbtovoltaic panels for electricity generation.

For more information
http://www.energysavingtrust.org.uk/Generatgour-own-energy/Typesof-
renewables/®lar-electricity.
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Ground mounted PV panels
Photo from CES library

3.2.1 Checklisfor solar PV panels

This section provides a selection of top tips for installing solar PV panels. It should be noted
this is not an exhaustive list and all prdie present individual circumstances to consider.

1. Mounting direction and panel angle is absolutely crucial to maximise electrical
output.

Ensure the surface is clean.

The capital cost of equipment purchase and installation can be high.

Actual electricitygenerated from PV can be low.

Solar PV can be especially well suited tegoifl applications where it compliments a
small wind turbine for example.

arwd

3.3 Wind energy¢ small wind turbines

2AYR A& 2yS 2F {0O2GfFyRQ& Y2aicar @edzfiset y
through wind turbines. Wind turbines are one of the most proven renewable technologies.

A wind turbine captures energy by its blades turning. The capture of wind energy is
proportional to the area of swept rotor aredhe larger the arethe greater the amount of
wind captured. When the blades turn this turns the shaft in the generator which creates
electric current. The generator changes kinetic energy into electrical energy which can be
used to supply power to a building (electricitystem), heat a building (wind to heat system)

or supply the national grid.

For more information on how wind turbines work see here on the British Wind Energy
Associations websitehttp://www.bwea.com/energy/how.html.

Small wind turbinesre generally turbines in the rated range@O5kW(50W) - 50kW. Both

vertical and horizontal>asturbines are available in this rangeorizontal axis turbines are

the most usual form and have turbine blades sjpngperpendicular to the grounavith the
28
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turbine shaft horizontal to the ground. Vertical axis turbines spin horizontal to the ground
with the turbine shaft perpendicular to the ground. Recent developments in both types of
turbines have dd to building mouned turbinesinstalled in areas where there is limited
space. For more information on larger wind turbines please Ssxtion6, Generating and
selling éectricity.

Small horizontal axis turbine

L
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iy

Vertical axigurbine
Photasfrom CES library

A community group looking to assess a site for wind energy potential should assess the site
available for wind resourceThe key to this is:

¢ Does the area have a good open aspect away from tall trebsitings specifically
in the prevailing wind direction (normally from the South West in the UK)? If there is
not a clear and open aspect for a wind turbine to capture wind, then in most
situations poor turbine performance will result.

e Are there tall buldings hillsor treesclose byin the path of wind? This can cause
turbulence in wind and decreagke production ofaturbine.

e Is there land available away from the building to install a turbine on? The further
from a building the less turbulent the md.
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e Do you knowif thereis a rock strata close to surfacé swil as this will influencehe
foundation of a turbine?

e If a building mounted turbine is thenly suitableoption it will be necessary to get
the building checked for structural stabilitg ensureit is able to carry the weight
and rotational forces of a turbine.

3.3.1 Supplying power using wind energy

Wind generated electricity can serve a building fisrown electricity or electric heating
needs and any excess cape exported to the gd. This generation if metered using a
correct Ofgemaccredited metercan be eligible for RO@®enewable Obligation Certificate)
income ¢ all of the generation produced is eligible for ROC income even if all of it is
consumed on site(Please sednnexl for further information on ROCg.

A grid connected turbine can take electricity generated and power the building as needed
before any surplus electricity (e.g. when there is low energy demand) goes straight onto the

grid. This grid connected system is fugéf the building las high electricity consumption and

Ad 2Ly waSlrazylrftfteQ 2NJ F2NJ LI NI 2F GKS RF@&d
the national grid and used as an added income, coupled with the income from ROCs.
However, groups shodlbear in mind that the electricity they sell back to the grid is at a

lower price than the electricity they purchase. Consumed and generated electricity is
metered; these meters are often referred to as import and export metkris. always more

efficient if the energy can be used at sounvéh any excess then going to the grid.

3.3.2 Heating usingvind energyc Direct heating from wind

Thisis an approach thatitilisesthe windto heat a buildinginstead of the normaéffect of
cooling on windy dag. By installing airect wind heatingsystem,energy captured by the
wind turbine is used to power heaters inside the building resulting in increased heat and
comfort levels for building users, with reduced fossil fuel consumption.

In generaldirect wind heatingsystems fall into two categories:

- ONRA R O2 ¢ yher® ih& 8/Slem is connected to heaters and the electricity
mains, so that when the heaters are fully charged, the power from the turbine is
switched to feed into the electricity grid.

- Biandalon«x; where the output from the turbine goes directly to storage heaters

p

N
See case study 4, Cults Primary School, Aberdeen, for an example
project using a small wind turbine for electricity generation.

& J
( )
See case study, Eriskay Hall, in Annex 2 for an example of a project usi

small grid connected wind turbine for electricity and heat (direct heat
_from wind) aeneration.

J
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See cas study5, Berneray Hall, North Uist, for an example of a proj
using a small standalone wind turbine for electricity and heat generatior

3.3.3 Checklist for windurbines

This section provides a selection of top tips for installing wind turbines. It should be noted
this is not an exhaustive lisihd all projects present individual circumstances to consider.

1. You will need planning permission and agreement with the land owner to erect a
turbine.

2. You need to decide how your generated electricity is to be used i.e. grid connect,
stand alone odirect heating from wind.

3. Ensure that whatever system you chopgeu are eligible to claim R&C

4. Ifitis to be connected to the grid you will need @agreement with the local
electricity District Network Operator (DN@)d an agreement with an electricity
supgier to purchase your expoelectricity¢ see section 6.1&Grid connection

5. Ensure you check the warranty on any machine and that there walgmest
installation maintenance service

6. Check with the manufacturer thajpare parts will be available for your turbine in the
future.

7. Remember to calculate a payback time for the turbine using typical wind data for the
area to make sure it is a viable option.

8. Wind turbines operate the most effectively in large open areas wmithimal tall
buildings, hills or trees which cause turbulence.

9. Make sure you receive all information about the system from your installer, including
how to shutdown the turbine in excessive winds.

10. See Section 6.Planningpermissionfor further information on thisand organisations
such as RSPB who should be consulted.

3.4 Biomass Heating

Biomassds afuel thatis biological in origin and although this section will deal with the most
common forms of biomass fuetswood logs, chips and pelletdt should be recognised that
energy crops, food wastes streams, some agricultural residiedystrial wastes and
residuesare also biomass based and can be used for heatingerbic digestiorf organic
wasteis covereddirther in the district heatingection

Wood is by far the most common source of biomass fuel for heatimgmunity buildings,

primarily in the form oflogs, chips opellets Chipsand pellets often are sourced from off
cuts and rennants from wood proessing or wood waste.
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Biomass heating using wood as a fuel works by combustion of the fuel in a hdst.
boilers supplying heatip to 150kW work by an auger delivering fuel to a burner head in a
combustion chamber. Larger systemseof work by deliveng the fuel to the combustion
chamber viamoving grates. Along with the pellet, chip and log burning boilers, some can
alsocope with a variety of feedtockssuch as the residues etc mentioned previousiich
could provide future flexibility for groups. Modern biomass boilers are low maintenance
with self cleaning functions and sensors that monitor the air content of the combustion to
maximise efficiency.

3.4.1 Wood pellets

Wood pellet hopper and boiler
Photos from CES library

Woodpellet characteristics
Low moisture content.
Higher energy density.
Lower storage capacity required.
Lower capital storage costs due to
standardised shape.
Requires minimum amount of maintenang
to ensure energy output.
More expensive

Woodpellets areburned in a boiler and the heat from this burning process is transferred via
a heat exchanger to domestic hot water and heating systems. Tdual pellets are made

from compressed sawdust. They are stored on site in a large hopper and are automatically
fed into the boiler as demand requires.

Wood pelletsare consistent irsize and moisture content and therefore potential energy
so are a less variable source of fuel than woodchip artlomugh can benore expensiveas
a result. Also, it is imperativeto establish a reliable local woeakllet supplier. A useful
guide to pellet suppliers in Scotland can be foundnamwv.usewoodfuel.co.ukowever this
is not a comprehensive guide. See following section on woodchip
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