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Abstract

The purpose of this #sis is toanaly® predcted and measured energy usdge non
domestic buildings.A case study oLews Castle College campus in Stornoway, was used to
carry out the analysis for this thesi$he procedure used tarry out this analysiwas then

used a® basis to develop a methodology to identify the discrepancies between measured and
predicted energy use in naomestic buildings. Energy bills and Energy Performance
Certificate data wreused to compare against each other for the whole catopascetain

the discrepancies between predicted and actual energytusas found thathe energy use

wascurrentlyover predictedompared to the energy bill histdiyr the college

Several techniquesvhich were mostly qualitativayere used to identifghe discrepancies
that were occurring in the building campughis included;
1 A sensitivity study of the Energy Performance Certificate modelling tool (SBEM)
with new value®btainedcompared to actual energy usage.
A Post Occupancy EvaluatigROE)
Thermal imagingsurveysandair pressure testingf the campus

An analysis of the Building Energy Management SysBEMS) of the campus

The new predicted usagéll showedan over projection in heat loads, albeit only 22% higher
compared to a3®b over prgection in the previous predictionHowever, thenew predicted
electricity conforned more to expectationafter investigations around the campus suggested

an over use in electricity should be occurring.

Through the analysis of the camptescommendatianfor improving the campusere made
from the results The recommendations included replacitrent light bulbs to LED
lighting andinstalling mechanical blind®n the glass/fibreglass roofs, amongst others, as a
cost effective method of improving engrgfficiency. One of the main recommendations

was to properly integrate the BEM$the campus

The procedure used ithe case study of the College campus buildingsusedas a basiso
compile a methodologythat could be used on nalomestic buildingsn the UK for this

topic. Future potential developments of this methodolagyalso discussed in this report.
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Nomenclature

AT Area

BEMSI Building Energy Management
System

CO2i Carbon Dioxide

CRCi Carbon Redation Commitment
c1 Specific Heat Capacity

DECT Display Energy Certificate
EPCi Energy Performance Certificate
HDD i Heating Degree Days

HVACT Heating, Ventilation and Air
Conditioning

kW1 Kilowatt

kwhi Kilowatt Hour

LEDT Light Emitting Diode

MWhi Megawatt hour

P1 Pressure

Pai Pascal

POET Post Occupancy Evaluation

Q7 Volume flow rate
@,1 Heat flow per unit area

R-valuei Thermal Resistance
SBEMI Simplified Building Energy
Model

STEMi Short Term Energy Model
TT1 Tenperature

TERT Target Emissions Rate
UK'1 United Kingdom

U-valuei Overall Heat Transfer
Coefficient

Vi Voltage

Wi Power

Ui Emissivity

} - Density

Ui Transmittance

Km1 Effective Thermal Capacity
KT Kelvin

°C1 Degrees Celsius
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1. Introduction

Non-domestic buildings accounts for around 18% of the total Uk @@issionfUK-GBC

2010) With the UK government targeting an 80% reduction in carbon emisisio2650
(Summers & Carrington 2006)his is a sector that clearly has to be looked at to meet this
aim. The Carbon Reduction Commitment (CRC) is an example of a scheme that the UK
Government hasrbught througho encourage energy efficiency in ndamesticbuildings.

It is therefore important to look at ways of improving efficiencies oftdamestic buildings.

An area that has to be looked at is the reasons why most buildings do not perform well
compared to predicted levels in terms of energy UAen t comes to matching building
actual energy use to that expected from the theoretical calculations or the designers
expectations, it is very seldom achiev@lll Bordass 2004) This area clearly has to be
looked at as no matter how green the credentials of a buildingfates not performing like

it is supposed tahere is something fundamentally wronif.the designers of an upgrade to

an exsting building wishes to improve efficiency, then the discrepancy between predicted
and measured energy use must be identified and addressed prior to carrying out
improvements.This has been seen in analysis carried out in so called green buildings which
show poor performance in comparison to benchm@kkBordass 2004) This is a startling

fact andhighlights this is an area ebnern that can occur even with newly constructed low

carbon buildings.

It is vely difficult to match the final construction of a building to the proposed design of it.
Even with the best laid designs, most of the time, reliance is put on workers ded#firigewi
construction to stick to the proposals dnild it to a good standard. Poor workmanship will
lead to issues with air tightness in the building. In addition to this, in order to save on

expenses, corners may be cut during the building phase.
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2. Aim

Greenspace Research has been looking into making the Lews Castle College campus in
Stornoway, where thgroupi s based, as sustainable as pos:
ethics. The first stage of this process iamalyse the building and lkanto how it currently

performs in line with predicted energy use. This will lead to making improvemetts to

campus buildings allowinthe collegeto be more energy efficient. The final stage would be

to make use of the local resourcisough reneable energy systemi generate low carbon

energy to supply the campus onsite.

The aimof the project is to look at the discrepancies between measured and predicted energy
use in the Lews Castle College campus in Stornoway, ScotBased orthe resuis of this
analysis, ti is hoped to carry out a survey of the campus buildingsderdify the aeas of
improvement. Investigations identify the discrepancies weperformedby analysingthe
Energy Performance Certificate data of the various buildimgsampus and comparing them

to the ensy bill history of the College An investigation of the BuildingEnergy
Management System waarried out as well as a Post Occupancy Evaluation whicledhelp
determine where the discrepancies may be originatigther to this, air pressutesting

and thermal imaging surveygere completedhroughout the campus to check thgality of
workmanship as well as air leakagearound the building.In carrying out thiscasestudy,

the main aim thatvas hoped to bachevedwas to establista methodologyn this topicthat

coud be usedn other non domestibuildingsin Scotland and areas with similar climates.
This methodology can be applied to mdomestic buildings that areot performing to
expectations andsed o identify what is causing the discrepancies so that these aspects can
be rectified. Following the findings in thisasestudy, recommendationvgeremade on what
measures can be introduced and aspects that can be improvethapbave the biggest

impacton energy efficiency in the campus
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3. Building Background

The Lews Case College campus is situated elevatedand of the Lews Castle grounds
the West of StornowayScotland The College is part of the University of Highlands and
Islands (UH) network. Stornoway is situated in th@uter Hebrides in the North West of
Scotland. It has anild UK temperate climatebut is typically wetter, colder and windier
The College has 3361 Heating Degree Days (HDD) for a base temperature ofCl#f@e
and HDDprofiles of the area are found in the Appendlief this report.

The campus is split up intinreemain building sectorandis illustratedin Figure 1 The
Rural Development buildingF Block), which predominately houses the Greenspace
Resarchgroupand also some teaching kitchersssituatedn the North East of the Campus
andis shown in green in Figure 1. Tigineering BuildindE Block)is situatedo the West

of this buildingand is shown in yellow in Figure .1 The Engineering Buiing mostly
comprises of worksops to teach practical skills such as joinery, car mechanics and welding.
This building also has several classroomsvhich technical skills are taught to the College
students Adjoining the Engineering building to ti&ouh is the FacilitiesBuilding (A, B, C

and D Blocks) shown in Figure 1 in orange and blwdyich also housgthe administrative
staff at the Collegeas well as the library and refectory of the collegk.also houses
classrooms and computer clustersiit student learningPlans of the three buildings can be
found in the AppendiB of this thesis.

The whole campus hasgross totalfloor area of approximatelg0130m?. The heat in the
campus is provided by four oil boilers, two 850kW and ®@kW rated The two larger
boilers serve the Facilities Building in the campus, while the two smaller boilers service the
Rural Development and Engineering BuildingThese boilers are on a degtandby
configuration where the demand loads are shared betwaeh pair of boilersand use
around 100,000 litresf heating oila year. The campus is mainly heated through a central
heating systenwith water as théeating controhgent The whole campus igrid connected

and electricity usage is metered througie oneter that serves the whole campusntilation

is provided with Air Handling Units in the Facilities building and the Rural Development
Building. The Engineering Building is naturally ventilated; however, theme some

extraction systems in the latadories and workshops.
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Figure 1. Google Sketchup modebf Lews Castle College Campus
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4. Scope of the Iroject

As mentioned previouslyhis projectconcentratesn looking at several important aesgts of
the campus to identify areagat losses in a buildirgnd methods to compare predicted and
actual energy useln this sectioninfluences that can affect energy efficiency in a building
will be discussed upon. This section will also touch uplo® methodsof analysing
discrepancies betweattual and predictednergy usageas well as previous work on the

area.

4.1 Aspects that Affects Building Energy Performance

This sectionintroducest he possi bl e aspects i n caendogyi | di n

use.

4.1.1Building Materials

Mat erials wused i n a bvial significamage drsthe buldings enangy t | o n
performance The Rvalue is known as the thermal resistance of a materiahlculated

using Equation 1, where C is thenductance, k is the conductivity and x is the thickness of

the material.

Py
I
Olr
Il
=~ x

Equation 1

This value is the reciprocal of the heat flow coefficienfthe overall heat transfer coefficient
(someimes also known as the-tbefficient) otherwise known as th&-value, represents

how well a building material conducts heat. idtcalculated usingequation2 and is an
important factor as it depicts how well a building material redainheat inside ta building

The Uvalue can be defined as the rate of heat transfer through the building material over a
given area.The Uvalue can also be calculated as the inverse oRttalueof the material.

If the makeup of a construction takes the form of anmaore materia, or air gaps, then the
U-valueis calculated as the inverse of the summation of thalRes of theconstruction.In

terms of Uvalues for buildingconstructions the smaller theU-valug the betterthe
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construction isfor the thermal pefiormanceof the building. Aspects such as inserting
insulation in a wall or rogfwill decrease the Walue of thestructure.

U= :@
DT

Equation 2

plli

4.1.2HeatGains

Heat gains in the building can affea buildings performance in terms of energy use and
occupancy comfort. Internal heat gain contributions can originate from electrical office
equipment, such as photocopiers and computers, or lighting. Occupants can also contribute

to internal heat gas

Solarimpactcan also produce high heat gains in buildings, especially buildings with lots of
glazing within its envelope and in long periods of direct solar radiation. Solar gain refers to
the amplification in temperature of a space, structure cgcblgs a result of direct solar
radiation. This phenomenon is caused by objects absorbing short wave radiation from the
sunlight and emitting long wave radiation back into bu#lding space When there is a
material, such as glasBetween an object @pace and the suhjgh heat gains would be

seen. This is because these materials are more transparent to shorter than longer wavelengths
resulting in a net gain in temperature. This phenomenon is sometimes more commonly
known as 0t he d¢ola& gan$ canrsselt ireolverheatirng .a building space

and can affect occupancy comfort levels, which can ceatheced productivity levels from

the occupantsin addition, it may result in higher energy usage through cooling in a building.

4.1.3Heat Losses

Heat losses can occur through a nundfesireas in a building.There are three methods of
heat transfer that can affect energy perf@ance in a building. These are:

1 Conduction
1 Convection
1 and Radiation
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Convection is the heat transfer ar by the motion of heated afrom a warmer to cooler
surface(M. Egan 1975) One of the areas that contribute to heat losses is through air leakage.
Poor workmanship can create gaps where draughts can occur through window frames, gaps in
doors, cracks and joins in walieusingconvectiveheat loss in a heated building spade

draught is defined as an uncontrolled air movement. It can not onlgwaus air to escape

but can also affect comfort levels inside a building.

Heat losses can also occur through external condyespecially when the weather is cold
outside Conduction is the heat transfer through solid materials from warmer to cooler
particles(M. Egan 1975) This is most apparent with buildings with high amountsingle
paneglazing. Conductive heat losses ocaumhen the inside surface of one pane experiences
cold temperatureswhich cools the surface of the other side of the paiée likes of
installing double glazing, or even better triple glazing, can improve the amount of heat loss
dramatically(Babcock & Irving 2004)

The final type of heat loss that can occur is radiative heat los$és. term radiation
descibes the heat transfer by electromagnetaves from a warm to a cool surfacé&n
example of radiant heat the heat that comes from a light bulb that is switched ©he
thermal performance of a buildings structure can be affected by radiant heat [bBsiseis.
particularly the case on aold day and a building can radiate heat to the atmosphere.
Installing reflective linings, such as aluminium foil, in air spaces can reducadiat heat

transfer

4.1.4Heating Syster&fficiencies

When looking at heat losses a large proportion canrdoom inadequatenanagement of the
heating systemThis not only means making sure pipes and hot water cylinders are properly
insulated, but also the set up of the heating system of the building.

Flow and returrflow ratecycles from the pipe carryingeated water to the radiators and hot
water cylinders are an aspect that edfect efficiency. Ideally, there should b&0-12K
degrees difference betwedlow and returnflows to gain high boiler heat exchanger

efficiency. This is so that heat is traesfed to the building spadeom radiators properly

Page [L5



and the system is not using unnecessary energy pumping and heating water. Therefore, it is
important, if possible, to optimise tiflew rate inof the pipes to make heating more efficient

in a building.

Dry cycling is a phenomenothat can also affect efficiencies in the heating system. Dry
cycling occurs when the thermostat initiates the boiler f&vat period and not allowing the
boiler to fire up correctly. This is usually caused when the bw@letose to its segboint
temperaturédBSEE 2010) A thermal gradient is produced from the boiler to the surrounding
atmosphere. This results standing losses coming from the boiler resulimgeat losses to
the surrounding air.Dry cycling may be avoided by increasing the hysteresis of the boiler

operation.

4.1.5 Ventilatiorand Air ConditioningSystens

Ventilation is also an important aspen a buildingas it reduces the risk of build up of
condensation and pollutants in a building spagecontrolling the air quality The air
conditioning system also conditions the air so that it is not too dnyrard. This could also
affect thermal prformance of the building as well as occupancy comfort which could
mani f est i tsel f as(AWY¥eung kt alb1991Wihout eenilatignnad r o me 6
building increases its chances of suffering mould and dampridssild spores can affect
sensitive atopic individuals and can lead to asthma rhinitisjunotivitis and eczema
(Trotman & Building Research Establishment. 200dhere has to be a good balance in
terms of the ventilatioflow rates irto a building. A lack of ventilation will cause problems
with air quality as noted above é&rtoo much could lead to adverse effects on energy
efficiency of the building. This is due to the systpulling in large amounts of outside air,
especially if it is cold, into the building space cooling a heated sgduds.would then lead to
the buildng space requiring additional heating loads on the systemheatingthe outside

air, with a heat recovery system, r@using an amount of 1@rculated airfrom the building
space can reduce this effect.

Required ventilatiomates to maintain energgfficiency inHVAC systemsin non domestic
buildings can be found in Section 6 of the Scottish Building Regulations (Non Domestic).
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This next section introduces tlespectsthat can be looked at as part of developing the
methodology to meet the aim of g$hthesis. It also details previous work that has been carried

out on the subject.
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4.2 Building Energy Management Systems

First introduced in the 1960s with no computer control, Building Energy Management
Systems (BEMS) have been used to effectivelytrobthe buildingplantservices and energy
efficiency in buildings. BEMS are also sometimes called Building Management Systems
(BMS), Energy Management Systems (EMS), and Building Automation Systems (BAS) but
all have the same functigihevermore 1992) With the advancement of computer systems
and micreelectronics, BEMS are now an important feature, in some form, in the majority of
commercial, indstrial and public buildings. Microprocessors in computers have allowed
BEMS to carry out multiple calculations simultaneously from data that is gathered from
outstationsTechnological and production advancements have also allowed BEMS to become

more afbrdable making it even more popular.

BEMS are used primarily to monitor and control the Heating, Ventilation and Air
Conditioning (HVAC) system in a building. It can also be used to control the operating times
of the system. However, the BEMS can aleabed to monitor and control lightingtdifand
security/fire systems. dvancements incomputer andinternet technology, such as

broadbandhavemade it even simpler to control BEMS.

AMore than 40% of the UK's prdingnforhgatingner gy d
cooling, ventilation, | ighting and pow

(University of Southampton 2010)

The major advantage of hag BEMS is a decrease in running costs, and as a result energy
use and emissions, in a building. Another advantage of installing a BEMS is that the
buildings plants can be easily monitored and controlled through communication, allowing
optimisation of thebuilding plants. Through it, t saves orstaff costsand it sometimes
becomes anmportant aspect ithe commissioningof a building. There are, however, some
disadvantages of installing a BEMS. Although with a BEMS the primary functions could be
easiy learnt to make it very effective and energy efficigatarge proportion of the functions
needto be understoad This could mean taking a considerable amoutithaé to learn these

functions or enrolling employees on expensive training coltssermore 1992)
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4.3 Post Occupancy Evaluation

When trying to look into making a buildingas energy efficient as possible, it is also
important to ensure that the occupants using the space are comfartddl®ok at occupant

behaviour This issignificant as the comfort will directly affect the productivity of the
occupants It also gives an insight into understanding a buildings energiprpence

t hrough t he . dcalsopusedtd identifyaf yhe changes affect the health of the
occupants which could |l ead to 06Sick Buildin
may be build up of C®in the space or mould growths the building space. This could

affect the occupants with symptoms such as irritation of the skin, in the eyes, nose and throat
which could lead to long term health problefAs Yeung et al. 1991)

It is therefore important to carry out a Post Occupancy EtratuPOE) on the occupants to
assesghe comfort levels in the building.-These comfort levels could be associated with
thermal,lighting or air quality issuesPOE was developed in the United States in the 1960s
and has been used in one form or ano#versince. Post Occupan®&valuation is defined

as

Orheprocess of evaluating buildings in a systematic and rigorous marteertiaey have

been built and occupied for some

(Preiser 1988)

A POE usually consists of a questionnaire which the occupants of the bdildog. The
results of the questionnaire will show how comfortable the building occupants are. As well
as this it can also show the occupants behaviour and understanding of the function of a
BEMS. In addition toa questionnaire, it is also usefulgo around the building and visually
inspect it to see if there are obvious signs that can affect thermal comfort.

The Probe (PogDccupancy Review of Buildings and their Engineering) was a successful
project that looked into building efficiency as wedl accupant comforfCohen et al. 2001)
This research project looked into 16 different buildings, used for varying purposes, to gauge

the successmal potential of this method.
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4.4 Current Theoretical Analysis Techniques

4.4.1Energy Performance Certificates

Energy Performance CertificatesREs) are documents which detaibuildings energy use,
energyratings and efficienciesEPGs display thecarbon emissionsf a building in terms of
CO,/m?, and assigsa rating accordinglpetweerthe ratings of AG, with A being the best
and G the worst ratinglt alsoshows the energy usage of the building in terms of kWh/m
The certifcatesshow recommaedtations that could be made to improve efficiency and show
benchmark ratings for the builhdy type. The certificatelisplays the Target Emissions Rate
(TER) which is a benchmark G@missions value thahe building should meet. This is
derived from the Mtional Building simulation that is also run through the SBEM program
that keeps the same building dimensjdmsating, occupanclighting and ventilation values
However, the building is assumed to be constructed within the listed 200dinguil
Regulatons. The EP@lIso displag the carbon emission figure that could be achieved if the
recommendations from the EPC aré into place.

EPCs now have to be carried out few nonrdomestic buildings where thmonditions are
monitoredandexisting buildingswhich havea floor area larger than 500°mThis isdue to

the implementation othe Energy Buildigs Performance Directiven April 2008 (RICS

2007). This directive also stipulated that certificates are required for all public buildings with

a floor area larger than 1000%rim Northern Ireland, England and Wale&hese public
buildings have tdhaveDisplay Energy Certi€ates (DECs) which showsdlenergy useof

the buildingto the public. DECs differ from EPCs as the DECs are calculated using actual
energy use for the building for the past three years. Operational ratings are given to the
buildings, similar to the EPCs, from the actual energysemption. Currently, similar

buildings in Scotland do not require a DEC as it is deemed a visible EPC is sufficient.

4.4.2SBEMSimulation Program

Energy Performance Certificates the UK usually have the energy use performance
calculated using the Spihfied Building Energy Method (SBEM) modelling tool. This tool
is also used to satisfthe various building regulations in the U#hd was developed

specifically for nordomestic buildings.
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For the SBEM modellingthe building has to be split up into budi ng 6zones?o
envelopes of these zondsfined with air permeability and dimensionsThese zones are
modelledusing the iISBEM tool which is an interface for the SBEM progr&ach zone will

have the building makeup detailed, with area of therflavindows and doors, ceiling and

wall sizes determined. HE material and Walues of these objects witllso have tdoe
logged. In addition, details ofhe HVAC system, hot water system, lighting systems, thermal
bridges and orientation of the buildifgs to beecorded into the prograf®BEM Manual

2010) The building type has to be designated in terms of its use from @f 28 in the

SBEM program The building then needs space types designated to the internal spaces. This
is done by assigning a space type from a list of 64 provided in the SBEM dataiiase.
designated building space activity type will hdwed assumptions that will besed for the
building simulation, such as maintainembm temperatures and occupancy valug$e year

round hourlyweather datawhich is closest to théuilding location is chosen in order to
determine external conditions ftite simulation. This is ch@en from a database that lists 14
locations. All the databases in the SBEM program are lot&eallow fair and reliable

comparisons to similar buildings the simulated model

Once the details of the building are entered into the program, theH&RE€ buildingcan be
produced. The SBEM program allows the usemutoa simulation to meet regional building
regulations within the UK. This means the EPC can be carried out to meet Scottish, English,

Welsh or Northern IrisiBuilding Regulations.

It is also possible to include any renewablstems that are incorporated into the building

such agphotovoltaicsystems and wind turbines, in the SBEM modelling.

4.4.3 Other EPC tools

The analysis for the EPCs can also be carried out using Greenspaceueiapdd software,
SBEM and Google Sketchup. A model of the building can be created using the Sketchup
software, including space allocation as well as nominating all surfaces and opening types.
This model is then exported as a XML file to be loaded inéointernetbased gEnergyEPC

software developed by Greenspace Live, which has been validated by CLG (Department for
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Communities and Local Government). In this program, it is possible to input the relevant
building properties, such as HVAC systems andldng U-values. An EPC is then
generated through CLG6s SBEM engine, which
The EPC can be generated to meet Section 6 of the Scottish Building Regulations, Part L of
England and Wales building Regulations aslwelPart F of the Northern Ireland Building
Regulations as in the SBEM tool. However, even though the EPCs can be produced in this
software, and models have been made for the three campus buildings, the software is still

continuously being developed apraduct that can be rolled out in the near future.
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4.5Techniques for Quantifying Heat and Energy Loss

4.5.1Thermography Surveys

Thermal imaging, or thermography, surveys are one of the popular methods to ascertain
where the heat losses are occurimg building. Contrary to popular belief, thermal imaging
cameras do not measure the temperattis @bject, but rather measures radiation that is
emitted from the surface of the object. Using this method, it is peswibsee the heat
leakages ira building thatcannotbe seen by the naked eye. Thermal imaging of a building
envelope will give a qualitative analysis of heat losses that could be caused by various means,
such as insulation angipe work defects,air leakagesand moisture in the buling. The

results of the thermal imaging will, in turn, allow the proprietor to make possible

improvements to the building.

Fundamentals of thermal imaging

From the fundamentals of physics it is know that all matteits electromagnetic radiation of

an intensity and wavelengthhat isassociated tohe temperature of the matter in question.
Emittance is defined as the ratio of actual radiation to the theoretical radiation of a black
body, calculated through the Planck function, of the ol€taes 2001) This isthe basis

tha allows thermal images to be captured. Typicdhgrmal imaging equipment can take 1

to 15 microns in the infra red sptrum. The most popular cameras usually deal in the latter
part of this range, between18 microns, but there are cameras that take in shorter
wavelengths, between-@ microns, where thermal images of very high temperatures are

needed.

As well as the amera receiving the radiation emitted from the surface of the object, it also
collects the radiation from the surroundings reflected from the object surface. On top of this,
both these measured radiation contributions are attenuated by the atmosphbee in t

measurement path by some faq©laes 2001)
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It is assumed that the received radiation poMg)y from a blackbody sourcesdicefrom a
short distance produces an output signal in a camgtacthat is proportional to the power

input. This can be written as:

Vsource: CW(Tsourcg Equation 3

Where C is a constant.

The camera, once calibrdtecollects threéifferent power termgvhich can be deduced:

The first is the Emission from the objechich is given agt.W(Top)).

Where e is the emissivity of the object,.f is the temperature of the object ahdthe

transmittance of the atmosphker

The second is the reflected emission from ambient sources, given as,

(1- &)t . \W(Tamp.

Where (1- €) is the reflectance of the object angldis the temperature of ambient sources.

The third and final term is the emission from the atmosphere

(1-6).W(Taum)

Where (1- t) is the emittance of the atmosphere ang,Ts the temperature of the

atmosphere.

Figure2 illustrates where ththree above equations originatethe thermal imaging process.
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Camera Atmosphere Object

(1-£)WT

amb

Figure 2: Illustration of thermal imaging capture processBased ona figure in Claes(2001)

From the three equations outline above the total radiativerpmamebe written as;

Wot =et '\N(robj) + (1_ e)[ W(Tamb) + (1_ I)W(ratm) Equation 4

Which, when multiplying each term with the constant C fronB8&and rearranging gives;

_1,, l-e 1-¢

tot ~

i Equation 5
er e et

obj
The varios voltageterns are explained in Table The calculation method is fundamental

to thermal imaging cameras and may be different for different objects where more parameters
have to be taken into account. An example of this would be when dealing withwsindo
between an objectHere the reictance, transmittance and emittance of the windswvell

as the object have to be taken into account. On top of this, two ambient sources and
atmosphere terms, ormefore and after the window, hate be included. e process of
calcuhtion still follows the same principles as outlined above for this case, albeit more

complex(Claes 2001)
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Voltage Term | Description

Vobj This is the output voltage that is calculated by the camera for g
blackbody object. This voltage can béirectly converted to the

objects temperature.

Viot This is the total camera output voltage for the given case

Vatm This is the theoretical camera output voltage for ambient
sources

Vamb Theoretical camera output voltage of the atmosphere

Table 1: Description of voltage terms in thermal image capture

There are British StandardBS EN 13187 1999putlining a methodology for detecting
thermal irregularities using infrared technology.

There have been several thermal imaging surveys carrtad fuuther education buildings in
the UK and Scotlan{Strachan & Cockroft 2010)

4.5.2Air Pressure Testing

Air pressure testing ianexperimental techniquéo identify the air permeability of a building
envelope. This technique can help identify possible air leakages in a building envelope that
affects heat losses as well as discomfort for the building occupants. Air leakages are
uncontrollel flows of air through gaps and cracks of the building fabi@svernment of
Ireland 2008) These leakages are more often than not hard to dgtecual inspectionas

they are often hidden by internal decoration or external cladding. Regulations in England and
Wales (Part L Building Regulations) and in Scotland (Section 6 Scottish Building
Regulations) limit heat gains and heat losses, andrtbigdes tlose through air leakages.

Air pressure testingused in conjunction withthermal imaging surveyscan be a very

powerful toolto identifylosses froma building envelope.

The basis of air pressure testing is to create a pressure differamiianeasure the air
permeability of the building enveloger a given volume flow rate This could be done by
placing portable fans, of various sizes dependintheriesiarea, on doors, vents or windows.

The pressure differend®rces the air out of anleakage sources in the building.he air
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leakages are then meadiigs the volume flow rate per hour of air supplied per square metre
(m*h™*m™) for a given pressure difference, for examflePa. Figure3 illustrates how the air

pressure testing paformed

Fan placed in @ - > Q Airleakages
doorway py through window
P P,

out

Figure 3. Diagrammatic explanation of air pressure testing

Again, here are methodologies available for air pressure testing by both British Building
Standards(BS EN 13829 200l)and by the Air Tightness Testing and Measurement
Association(ATTMA 2006).
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4.6 Previous Work onropic

There have been several studies into looking at the discrepancies between theoretical and
actual energy use. These studies hagkidedvalidation for building simulations, such as

ESPRr (produced in the University of Strathdly), and seeing where the discrepancies come
from. The likes ofMacDonald(2002) looked into assumptions of heat load gains from
occupants and equnent that cause uncertainties in modelling.

Egan(2009)looked at identifying discrepancies between simulated and measured energy use
in three diferent large office buildings, with varying building heights, based inb&gaa,
Australia. Eganmainly observed the link between occupancy levels and building

management to identify these discrepancies.

In the first of thecase studiesarried out it was seen that there was more energy being used

in the building than in the predictions from modelling progsimulations(obtained from
EnergyPlus). This discrepancy was seen to be mainly caused by the HVAC system, which
had been turned oto activateheatingovemight, asthe occupants complained bwilding
maintenance staff that the building was too cold in the mornings. Thislteasdwithout

the knowledge of the building owner which shows the consequences due to mismanagement
of building HVAC systems. It was also seen in this case, that the power and lighting use of
the occupants were higher than that simulated in the modelling. This was identified to be
caused by overuse of lighting, such as lealigigts on overnight, and appliance use whmsre

some occupants used more than one monitor to carry out their work on computers.

The second of the casegyain found underprojections of electrical and gas usdgen the
modelling program compared to actual energy usavas found with this casdugly, that

there were issues quantifying the energy use of a medium sized cafeteria in the building in the
simulation tool. The third case studyet againsaw problems with underestimation in energy

use from the modelling tool. However, with this casevais found to be caused by the
inability to model control strategies implemented in the BEMS of the building. There was
also seen to be similarities with the first case in that lighting and power was underestimated

due to misuse by the occupants.
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Bordass(2004) saw that many nedomestic buildings wasterige amounts of energy. He
concentrated his work analysinipe reasons why therare usually differences in the
predicted and measured energy use of buildingsrdass(2004) split the causes fahese
discrepanciemto four different phases of a buildings construction and use. Causes, such as
poor assumptions of building zones, occupancy levels and optimum control, were cited for
the initial estimation phase of a building. The next phase that was looked atewasidh

design phase. Here, it was found that sources for energy discrepancies occurred through
areas such as changes in client requirements and alterations in heating and building control
during this design phase. The third phase involved the cabs¢satose during the
construction of the building. These could be from cost savings due to going over budget
which could alter building materials to poor build quality. The final phase that was analysed
was when the building had been completed. Theefsmcies for this phaseere seen to
transpire from such aspects like different occupancy levels than intended, poor usage of
BEMS, and limitations in mukienanted buildings, whereby tenants have different

responsibilities and are reluctant to invesd aracerbate wasteful energy use.

There have been some studies that show that even buildings built with the environment in
mind, can have large differences between predicted estimates and actual measugyd

use. Curwell et al.(1999)showed this by carrying out a comparison of actual and predicted
operational C@emissions for an environmental award winning head office building in the
UK. The sstimations for emissions were done through several various modelling tools, such
as BREEM, ECON 19 and design estimates. The results of the comparisons can be seen in
graphical form in Figurd. Although this study wasarried outa decade ago, and thdrave

been a lot of studies and advancements in building simulation, thetdl relevance in the

study in thepresenday.
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Annual carbon dioxide emissions from operational energy use in an environmental
award-wining head office building complex

1
|
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after completion
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Annual carbon dioxide emissions (kg/m” treated floor area)

Figure 4: Graph illustrating the comparisons between various predictions and actual measured energy

use inan environmental award winning office building. Taken from (Bill Bordass 2004)

Donald (2010) carried out a study on the issues that influence BEMS and how effectively
they can be run. In this dissertation, four case studies were carried the BEMS of
various large pblic buildings that had been in operation for around 18 months. The case
studies were carried out on a leisure centre, an office building with high IT usage and two
schools (one primary and one secondary). All the case studies showed different problems
and mismanagement of BEMS well asthe aspectshat the BEMScontrols. It was seen

that both schools had problems with occupant behaviour. The &logolpants altered the
thermostat when the room was too cold, often set to an unreasonably highatenep@ an
attempt to heat the room faster. When the room got tqdhH®bccupants would proceed to
open windows to cool the room down. Through thelysisg there were alsssuesthat
occurred from the sensors, which in tuaffected BEMS perfornrece. As an examplen

the leisure centreit was found that the external temperature sensor was placed near an
exhaust duct which obviously affected the temperature recorded by a number of degrees. The
automated skylight, which was actuated upon a dasggl outside temperature reading, in the
swimming pool hall would then open resulting in heat loss which had to be replaced by
generated heat. Other case studies had issues with lighting control asdnsSars.

Table 2 summarises the aspects foundemewing literature that can cause mismatches

between predicted and energy use.
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Causes of Discrepancies Found in Previous Studies Literature

Poor management of BEMS (Donald 2010)
Inadequate positioning of sensors that affects BEMS (Donald 2010)
Occupancy behaviour (A. M. Egan 2009)
Building not matching design or plans (Bill Bordass 2004)
Poor quality workmanship (Bill Bordass 2004)
Errors in simulation toal (MacDonald 2002)
Issues with modelling building spaces accurately (A. M. Egan 2009)

Table 2: Summary of issues that caused discrepancies in predicted and actual energy use from previous
studies

The TM22 energy survegrocedureproduced byhe Chartered Institute of Building Service
Engineers (CIBSE)can be usedn most completednondomesticbuildings of all ages,
whether just build or existingand types The procedure was produced from the PROBE
study that was previously mentioned instkiiesis. This is a simple tool that allows an energy
assessor to ascertain how well a building is performing compared to benchmarkltases.
also a useful investigation tool to see how beneficial building upgrades have been in terms of
energy use. fe procedure uses actual energy usage to calculajeo@@uts as well as
energy usage periras with EPCsThe procedure allowalterations to the analysis so that it
gives accurate representations of specific building$is procedure will be even ner
relevant at the present in to obtain values for DECs that are stipulated to be displayed for
nondomestic buildings, greater than 1060&ngland and Wales

A recent energy surveysing theCIBSE TM22 proceduré] Field & Chartered Institution of
Building Services Engineers. 2006&s been carried quiy PowerEfficiencyon the Marriott

Hotel in Marble Arch, London, which was publishedaimeceniCIBSE Jourrna{John Field

& Balaskas 2010) The work carried out here was to analyse the current energy usage and
make recommendations to improseergy efficiency for energy certificates. For this survey,
PowerEfficiency used the procedure to see how the building was performing under certain
benchmarks.t was seen through this analysis that the hotel used 8% less than the theoretical
good pradse benchmark in this procedure. It was seen through readirgettature thathe

TM22 is a good tool t@bservehow a building is performing in relation to typical and good

practise benchmarks

The Short Term Energy Model, or STEM, methodology dexgeloped by the Solar Energy
Research InstitutésSERI,now NREL). This methodology was created for thermal analysis

in residential buildings and was based on the Primary and Secondary Terms Analysis
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Renormalization, or PSTAR, methg8ubbarao et al. 1988) The PSTAR method uses a
mathematical procedure tbserve the thermal characteristics of a residential buildiigs

was an early method t@s if predicted energy flows were the same as actual energy flows.
The methodology was developed to be able to obtainidaashort time frame using one

time measurementsThe PSTAR originates with an energy balance equation for thermal
characteristicsusing reasonable assumptions of heat floinsthe building. Data was
collected around the building and the energy balance equation calculated again with the data.
The steps of the PSTAR method were to first identify all the heat flows in the buildimg.

is determined through three categories: measured (electrical heat input), primary (for
example loss coefficient X externahternal temperature difference) and secondauglf as

flow due to sky temperature depression). With these values iddntifeeaudit description is
required to be obtained to calculate the flows. A test protocol is then needed to be
determinedo extract the renormalisation parameters and the test data obtained from it. The
heat flows for the test period was then cal@daand renormalisation parameters obtained
from the linear least squared method. The renormalized energy balance equation is then used
for the intended application. A case study was carried out on a domestic building using this
methodology by SER|Subbarao et al. 1988)

This STEM methodology was attempted to be validated through testing carried tub on
near identicamobile modulaioffice buildings one wth a standard frame modular office and
the other an office with Structural InsulatiRgnels (SIP) installe@udkoff et al2000) The
STEM methodology was carried oot both buildings under outdoor conditions. Here, tests
were performed to predict long term heating and cooling loAdseries of tests were carried
out on the two buildings in an indoor environment undeady state conditiont® ascertain

the thermal performance of the two building¥hese tests took the shape of air pressure
testing, tracer gas tests, thermal imaging surveys, calorimeter tests and STEM {Eséng.
main objective was to analyse the that performance of the two mobile offices. However,
there was a secondary purpose to validate the SfESHhg. It was concluded from the study
that the STEMmethodology predicted thermal performed very well in relation to the
experimental test proceduresults that were gathered. Tests saw that there was only a 5%

difference in values obtained from calorimeter tests.
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5. Case Study Procedure

5.1 Building Simulation Modelling

The Energy Performance Certificates (EPCs) for the three campus buildibgasnCastle
College were produced using the SBEM program in July 2009. These certificates were
carried out to meet Section 6 of the Scottish Building Regulatibiwe detailed simulation
files were also obtained for the three campus buildings wraet @ monthly breakdown of
the energy use into areas such as heating, lighting and elecpdiainaes. All three of the

EPGs of the campus buildings can be seen in the Appéhdixthis report.

It was decided it was good practice to investigate the SBifidelling tool when trying to
identify the discrepancies between predicted and measured energyhiseis due to the
possibility that the simulation may be the cause of significant discrepangiesgnsitivity

study was carried out to ascertain howrgfiag differentinputs in thegoprogram can affect the

EPC output valuesThe purpose of this to deduce if the modelling inputs skew the result in
away that it creates discrepancieSlterations were carried out on infiltration rate values, U
values and K., (Effective Thermal Capacitypf the building materials and building
orientation. The Khvalueswer e cal cul ated wusing Equation
specific heat capacity, d the thickness and A the area of the materials, Madulés were
calculatedfor all the main constructions, such as walls floors and windows, in the buildings

It is calculded by the summation of all the building elements in direct thermal contact with
the internal air of the zone under construci&BEM Manual 201Q) The Uvalues were
obtained from summer student placements from Greenspace Research that were undertaking
a study in Uvalues of the campus building¥dgler et al 201Q) In addition to this, the
activities assigned to each of the building zones in the SBBdWerified to see itheywere

correct to what the space was used for.

K,=a ,a (7o A Equation 6

For each of the three buildings, various single changes were made with each input assessment
to deduce what difference in results was produced from the original EPC values=Psw
were obtained for each of tiieree campus buildgs with all therelevantinput changes from

the sensitivity stugl put into place. The new EPC values were thempared with the
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original vabies to ascertain how much impdbe outlined parameters hawva the output

values.
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5.2 BEMS

The campus is anaged by a TREND 963 Building Energy Management Systwiced

and monitored by RE Dewrhe BEMS has control over the whole campus. The system has
five different outstations around the campus. There are thutstations controlled bgn
1Q241 andthe remainingtwo outstations controlled bgn IQ250 which control the HVAC
systems in the buildings. An analysis was carried out on the BEMS to ascertain if it is
performing properlyas well as to deduce how much control it actually has over the HVAC
systemin the campus buildings. In addition to this, a physical inspection of the HVAC
system wasompleted. This was performed to see if the systems are actually controlled by
the BEMS. Additionally, the investigatiowas carried out to establish if the sgsts are
being maintained and operating properly. The ventilation of the campus buildings were
provided by eight ventilation units with heating coils to-peat the air. An Air Handling

Unit is also situated above the C block of the Facilities Buildiktpating in the campus
buildingsis provided mainly by radiator panels mounted on walls. The only exception is
with the Engineering Buildingnd the library in the Facilities buildingghich had ceiling

radiator panels installed in them
An investigationof the positioning and data sénsors waalsocarried out to see if there are
anomalies between them that can affect the performance of the BEW&. from outside

temperature sensors and pipe temperature sensors in the heating system were analysed.

Schematics of the system in the campus can be seen in the Appendix E of this thesis.
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5.3 Post Occupancy Evaluation

A Post Occupancy Evaluation was carried out on the three campus buildings. This consisted
of severaktages of assessment. Thst wasto go around each of the buildings and visually
inspect them to identify any issues that can affect energy performdimig.require some
investigationto ascertain the thermal comfort of the occupants of the buildings. When
carrying out thevisualinvestigation, aspects such as electric fans and heatase in offices

should give clues that the building is not performimgxpectations

For the next stage, an occupangiestionnaire was produced part of the POE study see

how the occupantsahave and if the environment in the workplace is comfortableerms of
temperature, lighting and air quality amongst othefhie questionnairased in this study

was based oa templatefor a POEdeveloped by the University of Westmins{eniversity

of Westminster 2006) This questionnaire was used as a template as it was creategher
education buildings. There are many questionnairesdahiadd be used for templates for
different buildings which are widely availableA variety of participants were targeted for
each of thehree capus buildings. Ideally, there should be a good mix of male and female
participants as well as participantgh different job backgrounds, such as students, lecturers
and maintenance or office workers. This is to gain results that are not distorted towards one
set of contributors.As the questionnaires were being completeée chance was taken to
interview the occupants and see if there was anything of concern that should be noted. The

guestionnaire usead this studycan be found in thA&ppendixF of this report.
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5.4Thermal Image Survey

Thermal imaging surveys were carried out throughout the campuBLIRA B620 camera
was used to carrgut the surveys The camera is easy to use and has the options to take a
thermal image, a digital image or both for each shot of an object.

An internalthermal imagng survey was carried out the campus.In order tosee more

clearly where the losses were coming from, convective heaters were used in the rooms to
identify areas of heat losshis was to create a temperature differermsgween internand
external temperatureso that it is possible clearly idenify if there are any Ekages in the

rooms In several rooms, the blower door was used in conjunction with the hedtees

Model 4 Minneapolis Blower Door testing kit, produced by The Energy Conservatory, was
used forsome of theexperimers. This wasused, again, to gain more clarity when
determining air leakages in a room by creating a pressure difference between building spaces.
Thermal inaging surveys were carriedutoon most of the main room# the campus

buildings to inestigate the quality of erkmanship

A thermalimaging survey was also carried out on the three buildings externally. This was to
see the possible heat loss leakages to the ouwbithe building envelopess well as being

used as an investigative tdolsee if the HVAC syste was operating propetlyThe thermal
imaging camera was used around the tlw@mpusbuildings with imagesbeing taken of
areas that showed a large temperature difference in relation to the surrounding siti@ces.
external thermal imaging survey waarried out at various periods of time during the
summer. A thermal imaging survey was carried out when the buildings were ogen a
occupied. Besides this, a survey was carried out during the summer bank holiday weekend to
ascertainif the building perfomed any differently. All the themal imaging surveys were
performedduring the early morning on overcast days. This was to try and gain the best

temperature differential during the summer period to gain the best results.

It has to be noted that thessts were carried out during the summer months whicbtithe
best period to do so Ideally, the tests would have been carried out wiheninternal
temperature is significantly higher than the outside temperature, usoalyystentin the

winter montls, in order to create a substantial temperature differential between internal and
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external temperatures of the building. Thisuld allow much clearer images to distinguish

the areas where thermal losses ocdurshould also be noted thathen taking he thermal
images, it is imperative to take the images from an angle away from the object or surface of
interest. This is to reduce tieatreflection from the camera user which could affect the

outputimage with errors.

The images carried out exterryathn the campus buildings were then gamred to thermal
images thatGreenspace Research had obtained in the winter months to see if similar results
were being gatheredAn analysis of the winter images was also carried out to see if any

thermal losses cdme observed.
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5.5 Air Pressure Testing

Air pressure testing waattemptedfor all three buildings on campus The Model 4
Minneapolis Blower Door testing kit, produced by The Energy Conservatory, was used for
the air pressure testing.his was carriedut to establish the infiltration rates of the buildings.
However, it was seen that the fan used was designed for use in domestigbuitdirdid not

have therequiredfan volume flow ratecapacity to carry out testing for large non domestic
buildings. The air pressure testing was carried out on langkvidual rooms that have

external doorsvithin its envelope.

Before the air pressure testing was carried out, a procédwsealthe building had to be
carried out. It was important that all the im&r doorswere wedged operand combustion
appliances switched off. External doors were closed and, if only part of the building was
being tested, interhadoors in the test boundary wentosed and sealed. Mechanical
ventilation systems were switched pffith inlet and outlet grillsealed. On top of i, any

flues were also sealed

A day where there was low wind speed, less than 3m/s, was chosen to carry out the testing.
This was sdhat the weather would not affect the infiltration sdtethe exgriment. As the
experiment was carried out in the summ#re temperature difference internally and
externally was not less thanKLQCIBSE 2000)

The blower door was used in conjunction with the 3@ pressure gauge to measure the
pressure difference inside and outside the building being measured. In addition, the kit was
linked up to the Automated Performance Testing System which allows tlspdad of the

blower door to be controlled automatically or manually.

To set up the experimeriirstly, the blower door héto be installed in the doorwayThis

was done by firstly setting up the adjustable aluminium door frame to the door in question.
This aluminium door frame incorpore a nylon panel around €o that it creates an airtight

seal around the door. The pressurisation fan is then placed in an opening at the bottom of the
attached nylon panel of the door frame. The pressure gaugspaad controller is then
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linked to the pressurisation fan. Figusellustrates how the equipment was set up for the
experiment.

Figure 5: Set up of the air pressure testing kit on the classroom E005 in Engineering Building

With the experiment set ufhe testing could beginFirst of all the baseline building pressure
was measured.This was important factor to measure as it takes into ac@unexisting
pressures in the building either from stack, wind or other drivingeforTo measure the
baseline pressure of the building, the fan is filly covered The readings from the gauge

will then display a reading, which is the baseline value, and this was recorded.

The TECTITE programdeveloped for theair pressurekit, was used to carry out an
automated depressurisation testget thepressure differential, internally and externally of

the building space, t@60Pa. The TECTITE program therautomaticallysteps down the fan

flow rate toobtain incrementsf S5Pa pressuralifference,until it reaches 25PaA hundred
readings of building leakage were sampled for each step down and plotted in a graph in the
program.

The air pressure testing kitas then kept on at 50Pa and used in conjunction with convective

heaters and ththermal imaging camera to identify the areas of leakages in the room.
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6. Current Building Energy Performance

6.1 Predicted Energy Usage

As mentioned previously, EBMave alreadypeen established for all threé the buildings
on campusthe Egineeriry, Facilities and the Rural &elopmenBuilding. A summary of

the EPG can be found in theable3.

Building EPC rating Benchmark CO; (kg/nt Energy Usage

per year) (KWh/n? per
year)

Engineering | G F+ 126 448

Rural D+ C+ 46 156

Development

Administrdion | D D+ 53 173

For whole F 87.23 248.73

Campus

Table 3: Current predicted energy use from EPC2f the three buildings

From the SBEM analysis carried out for the EPC of the buillihgvas seen that the largest

energy consuptonwas from heating. Heating account :
overall energy consumption fromalSBEM analysis of the thrdmiildings. This ratio was

verified to be true when looking into the energy bills of the college which showed around

60%every year was spent on heating dihere was no cooling load predicted from SBEM.

It was also seen in the SBEM analysis that lighting contributes significantly to the electricity
usage in the energy consumption. In the Engineering builBi§M ouput documentit

was seen teontribute nearly a quarter of the total energy consumpt@tiner aspects that

also contributed notably to the energy consumption were from equipment and hot water
demand. Figure6 shows the annual energy consumption inRlueal Development Building

which gives a fair indication of how the campus is performing
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Annual Energy Consumption

(Pie chart including Equipment end-use)
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140

160

Figure 6: Annual energy consumption obtained from SBEM for the Rural Building

The SBEM analysis of thehitee campus buildings showed thall threedid not meet the

heating source efficiency and thevdlues outlined in Section 6 of the Scottish Building

Regulations.
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6.2 Actual Usage

From the energy bills from the Collegé, was possible to deduce how the building was
performing in reldion to the EP&. The results from the analysis of the College energy bills,
averaged over 5 years of data, can be fourichsie4. These energy bills a@f actual usage

of the College ampus. The electrical bills showed that actual meter readingsused and
heating oil was bought as was needddhe heating loads were calculated from the litres of
heating oil bought in every month from the last five years. HAéaingenergy usagein
kWh, was then obtained using the amount of oil bought by usiognversion factor of 14.
(Carbon Trust 2005for every litre of oil bought.Of course, the heating energy bill data is
not ideal, but it does gé reasonable yearly assumption of heating loads in the college.
was seen that the College used 356.22kWh/HDD

Electricity Oil Usage TotalEnergy | CO2 emissiong Energy Rating
Usage (kWh) | (kwh) Usage (kgCO/m?) (Under EPC
(kWh/m2) (Carbon Trust | guidelines)
2005)
780720 1197272 19584 71.33 F

Table 4: Actual yearly averageenergy usage of all campus buildings

It can be seen thaif the campus has the same characteristics outlinedl ithree of the
buildings EPG, the campus is operating below the predicted energy usage and emissions
from theaverageSBEM analysis.
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6.3 Discussion

From the initial analysi of the predicted and actual energy usage, the results wees not
expected. It was seen that the actual energy usage was arénibvier than the EPC
predicted energy usage averaged over the whole campus. This suggests that Hoene are
discrepancie that occur from the modellingvhen obtaining the ERCand has to be
investigated.

The major issue when dealing with the comparisons of actugiradittedenergy use of the
campusis that there is no way of quantifying homucheach individual buding uses from

the energy bills.For electricity usagehe issue is thatll the energy goes through one meter.
Furthermore, the heating datgmthered frommonthly heating oil purchased over theyear
period, meant it wasvirtually impossible of quantifiyg monhly usage. Data from the
BEMS was not sufficient enough to calculate the proportion of energy use in each of the
buildings.

As well as deducing actual energy usage, the bills showed howutlttngs wereused
throughout the year. The elecity bills especially gave an indication of this. Figure
shows the averaged monthly electricity usage over five years. It can be seen that the
electrical usage drops dramatically through July and August. This is due to the college not
running any clases during this period for the summer break. However, resaadchupport

staff still operatesn the buildings during this timelt was seen that the predicted electrical
usageshowed similar usages in the winter monthst a g@od match over the summe
months Thecomparisongiavean insight on potential pitfalls of the modelling software and
procedure.As mentioned previously, there is a distinct trough inntteasureanergy usage

in July where there is lower occupancy in the college. This isrsihowe not as prominent

in the simulated case. This is an area that has to be looked at and rectified in the modelling
program
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Electrical Usage - Actual vs. Predicted
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Figure 7: Comparison of actual and predicted electrical usage

A yearly comparison was also cadieut of the energy uses for heating oil and electrical
usage. It can be seen that the predicted heating oil usage is approxBéietyore than
actual heating usage.The prediction shows that there is 547.69kWh/HDD which is
191.47kWh/HDD more than trectual usage This isquite significantover prediction and is
the primary reason why the EPC data is higher than measured energy use. keam that

there is only a small over prediction in the electrical usage

Yearly usage -Actual vs. Predicted
2000
1800
1600
B Predicted Oil usage
1400
B Measured Oil usage
1200
: .
g 1000 - Predicted Elec usage
800 - B Measured Elec usage
600 -
400 -+
200 -+
0 -

Figure 8: Yearly comparisons of yearly actual and predicted use broken down by fuel type

It was seen from the initial comparisons that the area that has to be looked at in detail is the
area of heatinglt is hoped that, by carrying out a sensitivity study ef 8BEM tooland the
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other areas of investigatipit is possible to identify why there is such a large over prediction

in energy use in the college campus.
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7. Analysis of Results

7.1BEMS Analysis

It was seen that the BEMS had little influence lomeinergyperformance of the campu3he
BEMS has been used, not as an energy efficiency tookdat one stop statidn control
some ofthe HVAC systenof the campus Througlout the last 20 yearsthere have been
constant additions to the managemsystem. This has resulted in thgstem not being
integrated properly and having sporadic contratrothe HVAC system. The BEM®as
seen to have more or less full control otlee heating system of the campus buildings
However, it was seen through @stigations that not all the ventilation systems were
controlled by the BEMS. Some of the ventilation fans were stand alone systems which were
controlled by systesbuilt into them. This was also seen to be the case with the AHU which
was independent ofhe BEMS system. In addition to this, a visual inspection of the
ventilation fans in the Engineering and Facilities Buildsigpwed that the majority of the
fans had broken fan belts that have not been replaced. Tluivasremain operational,

however resulting in wasted energy for the College.

The BEMS system of the college was seen to have little data from the three buildings. The
campus 0 BE Msgen hoaw inéffeienthand has been earmarkes be remedied

from this summer (2010). It waseen through furtheranalysing the system contrpkhat

there was an older BEMS system in place that is still operating that can override the current
systemas it has a higher hierarchyThis is an analogue control that has been installed on the
two 325kW olil boilers, whichsupples heat and hot water to the Rural Development and
Engineering Buildings.It is obvious thatintegrating all the system to be run through the

BEMS would bea majorrecommendation to improve efficiency in the campus buildings.

A test of combustion efficiencyof the four boilers was carried out as part of the
investigations into the HVAC systenT.his was carried out by the College maintenance staff
thatwascarrying out a yearly service of the boilers at the time of thestigagions carried

out in this thesis.These efficiencies were verified using a flue gas analyser, which showed

closely matched resultS he results of the boiler tests can be seen in Table
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Facilities (Nu-way NOL 50-28 850kW boilers)
Boiler 1 Bailer 2
Efficiency 82.0% 87.4%
Engineering and Rural Buildings (Clyde ck40 325kW boilers)
Boiler 1 Boiler 2
Efficiency 62.3% 72.1%

Table 5: Efficiencies of main and engineering boilers

With this system in placeéhe heating isurrently set to start operating at 7am every weekday
morning and deactivate in the evening at 7pHowever, the heating times may be altered
when there are night classes on that can run up to 10pe. heating is activateduring

these timesvhen the atside temperaturgsensors give reading of less than 8. It is also
activated when the outside temperature°{S 8r below in order to prevent frost building up

in the system. In the summer period, the heating system runs under a summer schedule
where it is only switched on betweeh30am and 10am tteat the rooms in the campus
slightly. The building spaces aheated to between 224°C dependingon the building and

the room. The heating systens shut dowrduring the weekends due to thellege keing
closed. The BEMS does not control the lighting in the campus buildings. The management

of lighting systems is carried out manually in the buildings.

The BEMS system had data logged for arofiftden months in a databager the Facilities
Building. However, there was a much shorter period logged for the Rural Development and

Engineering Buildings. For these two buildingsly six months worth of data @relogged.

A survey of the outside temperature sensors showed some interesting observatioms.

seen that two of the three temperature sensors were positioned in shaded, north facing walls.
However, the remaining outside temperature sewssr noticed to be in a position that can
potentially have a detrimental effect on readings. This saaguositioned in a corner gt

off the flue ducts from thenain boiler roomon the Facilities Buildingfacing west This

clearly is not an ideal area to situate a temperature sensor as heat radiating from the flue ducts
can affect the readings. Thigllwesult in the temperature sensor not giving a true reading of

outside temperature which can affect the building management system. Fidustrates
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the positioning of the discussed outside temperature semb@.finding is similar to issues
found by Donald (2010) which citespoorly positioned sensors thaan adverselyaffect

energy consumption.

Figure 9: Outside temperature sensosituated too close to flue exhaust pipe from boiler house

The possibility of issues with this temperature sengas validatedvhen acomparison b

data gathered from the BEMS of the three outside temperature sesasgerformed. The
results of this comparison can be seen in Fi@OreThe comparisons were carried out over a
ten day period in May where the temperatiluetuates near the boiler set point temperature

of 18°C It can be seen that there welage anomaés with the facilities outdoor
temperature sensor which was found to be placed next to the boiler flue eXxhauast.seen

that there was a-9°C difference at peak temperatures between the Facilities outside air
temperature sensor and the othefBhis would obviously affect the energy usage of the
college. This issue should lower the energy consumption of the building. This is due the
issue causing a higher temperature reading than the true reading. It should be expected that
the heating system wikhut down at a lower temperature than the set point temperature
resulting in lower energy consumption. This could explain the over projection in heating use

in the campus energy prediction
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Temperature Sensors

= Facilities Temp Sensor

J = Rural Temp Sensor
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Figure 10: Comparison of the three aitside air temperature sensors of the campus.

It was also seen in the BEMS datenalysis that, the rooms that had internal space
temperature sensors in the Engineering Building, stiasvn to be susceptible to overheating.
This was seen to be the casalinfour rooms in the Engineering Building recorded values of

up to 29°C. This confirms the issues of overheating with the results of the POE

guestionnaires from the Engineering Building occupanis EPC data CIBSE (Chartered
Institution of Building Services Engineers. 200@\ve recommendetbmfort criteria of 21

23°C for internal space temperatures in teaching spdtean be seen in Figurd 1that the

Drawing Room and Electrical Installations classroom are susceptibb®risistent high

temperaturesind has to be addressediowever, data was not available to verify the low

temperatures that are experienced in the winter months in theez@dpfrom the POE.

Engineering Building - Indoor Space
Temperatures

Temperature °C

Time (29/07/10 07:45 - 20/08,/10 00:00)

= Drawing Room = [|ectrical Circuits Class

Electrical Installations Class =——Hydraulics Lab

Figure 11: Indoor temperature comparisons in the Engineering Building. Dashed lines shows

recommended minimum and maximum space temperatures
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It was seen by analysing the BEMS system schemiaiitthe tanperature of the inflow and

return flows of the heating system where very similar. This suggests that the pump flow rates

are far too high and it was obsentbé pumps run at a fixed flow rate. This results in more
work for the system meaning more enebging used.The BEMS data also showed that the
flow and return temperatures do not reach the desired optimum temperature difference.
example of this can be seen in Fighi&where the return and flow temperatucéshe pipes
servicing the heatingystem in theRural Buildingare compared It can be seen that the
temperaturalifference in the flow rates weo®nsistently around 4°CAs mentioned before,
the difference should be around-1R°C. Fitting a variable speed drive to the purogs

helpin reaching this goal and will be one of the recommendations made for the College.
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Flow Temperature Return Temperature

Figure 12 Flow and return boiler pipe temperature comparisons for the rural building
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7.2Post Occupacy Evaluation

The post occupancy questimire produced some interesting result3here were 25
guestionnaires returned for the whole campus. The majority of the questas received
were from the Facilities Building and the Rurat\i2lopment building. These were mainly
from the support andesearchemployees that remaed in the college through the summer

break.

7.2.1General Results

In general the results of the post occupancy questionnaire showed that the occupants were
content with the conditions in the campus. Aspects such as lynadmfort levels and
natural and artificial lighting levels were satisfactory in the eyes gbadh@cipants Through

a visual inspection around the three buildings, it was observed that the BEMS had very little
control over heating and ventilation.hdre were a large number of rooms that still had the
heating on all day during the summer months even though the rooms were not Fhase.

full results of the POE questionnaires can be found in Appendix G of this report.

7.2.2Engineering Building

The Engineering Bilding produced the most issues when it came to occupant corfioet.
majority of the responses in tHengineering block, from the comments section of the
guestionnaire or through informal discussion with participants, suggest tHatiktiag was

too cold in the winterand in the summerwas prone to overheatingSeveral of the
participants of the survey disclosed that there were a number of instances where lectures were
being taught with the whole class wearing scarves and hats to lkeesp vOne of the main
reasons for this internal temperature issue isfithreglass andoyramid glass roof in the
building, which can be seen in Figur2.1 This causes anpblem as in the wintexlot of heat

is lost through the roathrough conductive éat lossesyet in summeit will cause higher

solar gains in the buildingAnotherinteresting observation was found in the questionnaire
results. It was seen that all of the Engineering Block participants said that they had no

control over heating atla A visual inspection of the rooms in the building was indicative of
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poor thermal comfort. There was seen to be a number of convective hedigpersed
around the building, especially in the joinery departmalso seen in Figure 13As the
inspeciton was carried out in the summer, it was seen that several of the shutter doors and
external doors were left open. This was more prominent on sunny days where the building
overheats due to high solar gains. This, again, indicates that the occupanisamsiddrue.

The ceiling radianheatingpanels in the roomin this buildingseem to still be running
throughout the dayOf course, this is a major problem as regards to energy usamenly

is there no control of the radiant panels through the BEyistem but also heat lost to the

suspended ceiling it is fixed to.

Clearly, the Engineering Building is a building with great thermal issues. With such heat loss
problems in cold weather and convective heaters addingeteléctrical load, it shouldeb
expected that both predicted heating and electrical load would be lower than actual usage.

However, this was not the cased will be analysed further into this report

M

Figure 13: Engineering Building glass/fibreglass roof left) and use of electrical convective heaters (right)

7.2.3Rural Development Building

The Rural Development Buildingiso showed some interesting results. It was seen from the
guestionnaire answers for this buildjrtge majority of the occupants wehappy with the
thermal comfort throughout the yeakHowever, there were a number of participants that
suggested that the temperature was far too warm in the summer. Further investigations
showed thatheseoccupants were situated on the upper floorhis building. It was seen
through visual inspections of the rooms these participants occupy, that there was a heat pipe

that runs along the length of the rooms upstainewn in Figure 4. This pipe will not cause
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issues in the winter; howeveit can generate overheating in the rooms in the summer.
Another aspect that was noted from the visual inspection of the building was that most of the
building has a suspended ceiling. This may cause problems with heattlussggh the

ceiling and roof as therare a few gaps in the suspended ceiling tigch were not fitted

properly.

Figure 14: Heating pipe running along the upper floor of the Rural Building

7.2.4Facilities Building

The Facilities Building had slightly differénissues with thermal comfort. From the
guestionnaire results, the thermal comfort showed a variation for both the summer and winter
results. The results could be justified by looking at further comments that were completed by
some of the participants tfe questionnaire in this building. The issue arises from the large
open plan offices in this buildingousingthe administration staff.This is due to having
numerous staff members in these open plan offices having different preferences in
temperature$or the room. This was seen to result in conflicts amongst the staff on what the
optimal spacgemperatureshould be There were also a number of comments regarding the
size of theoffices. The observation was that the offices were too laegelting in
difficulties in sustaining a constant temperature throughout the room. Temperatures varied
around the room with cdland hot areasesulting in poor comfort leveldt was also noticed

that the library also hadeiling radiators installed, similaiotthe radiators found in the
Engineering Building.Results of thermal comfort in all three campus buildings can be seen
in Figure 15.
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Figure 15: Thermal comfort level results from questionnaire (1 too cold, 7 too hot)
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7.3.Thermal Imaging Survey

7.3.1lInternal Thermal Imaging Survey

The thermal imaging survey ohd internal spaces resultedimeresting areas to investigate.
Most of the experiments building spaces in all three campus buildingsre carried out
with conjunction of the blower door testing kit and convective heaters thatakregdy on
campus. It was seen from the results that there was a mix bag of reftss important to
be able to distinguish between convective and conductive heat |dSgese 16 show the
distinction between the two. Thep right image showsn example of convective heat loss
where air leakage is prominent in a poorly sealed window frame. bdtemright picture
depicts an example of conductive heat losBhe differencecan be clearly seen;with
conductiveheat loss thecolder areatakes the shape of the window frgnwhereas with
conductive heat loss the temawire drop is created around thendow framedue to the air

movement

In the classrooms in the EngineeringlBung, there were a number of areas tlvatea cause

for concern in terms of heat lossesw#s seen that in one of the classroamihis building,
E005,there were leakages occurring through poor workmanship. It was seen that there was
air escapindhrough cracks isomesurface joins within the building space envelope, such as
with floor skirting or walls. In addition, it was seen that there was an issue with leakages
occurring from poor airtightness in windows and doors in the room. An examplettof

areas of air leakages found can be seen in FitfireThe results from other classrooms in

this buildingand the other campus buildingsowed similaproblematic airtightnessesults

to EQOS.
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Figure 16. Examples of heat losses identified through internal thermal imaging survey carried out in
conjunction with the blower door kit

The Facilities Building also showed aspects of poor workmanship through analysis of the
surveys. Again, there was seen to be leakages occurring in the rooms. oliseagedhat
there were lossesccurringfrom some window and door frames. There wess ébsses

from skirting boards and some wall joins observed from the testing.

Poor workmanship was also seen with the ceiling tilethe suspended ceiling in all three
buildings. It was seen from the internal thermal imaging survey that most roorpsdrad
fitted or broken ceiling tiles.The bottom left picture in Figure6lillustrates such a ceiling
tile. This would invariably cause heat losses into the roof, especially imitier. This issue

could be easily addressed and rectified with litistc

7.3.2 External Thermal Imaging Survey

Thermal imging surveys carried out externally on the campus buildings produced some
interesting results. It was seen that during the bank holiday weekend, when the College was
closed, that the Air Handling Un{{AHU) was still in operation at the beginning of the
holiday. This can be observad Figure17 which shows the AHU on in the roof of the C

block of the facilities building emitting heat, irditing it is still in operation during this time
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Figure 17: Thermal image of AHU during the bank holiday

It was noticed that the Emgeering and Rural DevelopmenuiBlings both had ventilation
systems running throughout the long weekefithere were tw small vents that were still
running on the front and back of the Engineering Buildorge of which showin Figurel8,
and a vent running at the back of the Rubalkelopment Building.It was also observed in
the Engineering Building that there wereotelassroms that seemed to be warmer tliae

rest of the building. This seems to suggest that the ceiling radiators were on at the time.

1.2°C

- 20

r18

r16

r14

12.9

Figure 18 Exhaust vents still in operation during the bank holiday

There was an anomaly with one of the windows radiating more heat than the others in the rest
in the Rural Development Building. On closer inspection, it was seen the window was from
the server room which suggests the servers were ohddour days the College was closed

which would require cooling.
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Thermal imags for the campus buildings had previous&en carried out in colder weather
giving a clearer indication of the thermal characteristics of the buildingas seen through
aralysing the images, that there are a few instances where thermal bridges are evident. This
can be seen in Figur#d, where a thermal bridge is illustrated between the Engineering
Building and the D Block of the Facilities Building. As it can be seemetisea large area of

heat loss where the roof areas of the two buildings jdinese images were captured when

the building was occupied and with the heating on.

Figure 19: Winter images stowing thermal bridges clearly between joining roofs of Engineering and
Facilities Buildings
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7.4.Air Pressure Testing

As mentioned previously, the air pressure testing could not be carried out on the whole
buildings in the campusThe testing was attguted on the whole Engineering Building but

the fan was not powerful enough to facilitate thidowever, tests were carried out an
engineering classroom with an external doBrom this test it ipossible to gain the facade
leakage of the room and @t estimation for the whole building

The results from the automated step dodepressurisatioriest of room EO005of the
Engineering Buildingcan be seen in Figur20. The results show thaat 50Pa, theair
permeability of theoomwas20m’h*m? (where the area of thE005 room is 15@°). This

value isabovethe upper limit of ATTMA building standard&TTMA 2006) andthe CIBSE
goodpractise guidelinegChartered Institution of Building Services Engineers. 20@@ich
states 10rth™m™ air leakage as the standaidis assume for the purposes of the modelling
that the Engineering Building has the same air leakage v#ogever, there are problems
making this assumption as it may not be indicative of how air tight the whole building is and
if the rest of the rooms in the lding have similar air tightness. Therefpiewould be
recommended that, if possible, to obtain larger equipment that could facilitate air pressure
testing of the whole building.

Tests were also caed out in a small area of the Rural Building that len external

doorway. This produced a result of 9.76tm? which is less than the recommended

standard indicating that this space was reasonably airtight.
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Figure 20: Results from TECTITE automated step down testing

The intenal ar pressurdesting carried out in conjunction with the internal thermal imaging
surveys,also found interesting results in the college library. Poor workmanship was seen in
one of the windowsills above one of the radiators. There was an opemagjaant along the
length of the windowsill that would produce substantial air leakages in the room. It would
also result in heat losses, especially as the gap is situated right above a r&tl&orooms

in the campus buildings also showed areas 4 lshich have already been outlined in the

thermal imaging results section.
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7.5.SBEM Sensitivity Assessment

The results from the investigations of the modelling highlighine ofthe limitations in the
SBEM tool that was used to carry out the EPC datmns. Although the program gives an
option of optimisation of HVAC systems, it does not allow the user to specifyetitienes
that are currently in plader operation Nor does the program allow the user to specify the
temperature that the buildingr zones in the buildindgyas been set to maintain internally or
the externaltemperature the system is set to operate frddm top of this, as mentioned
previously, aconsiderableitfall of the SBEM program ig¢hatit only provides one weather

data se(Glasgow) for the whole of Scotland.

The current EPCs were carried out in an older version of the SBEM pr¢gsada) It was
decided to rerun the models in the latest version of the SBEM program, versianRr&b

to running it in the newest vewsi the NCT files were converted to be able tordr@in in
SBEM v3.5. Running it in the SBEM v3&was importantas changes in the programere
madefrom previous versions. These modifications that can affect the campus building EPC
calculations includéNCM 2010)

Frame factors for window and roof lights that can affect solar gain calculations.
Modified calculation for hot water storage size atmtage losses. These will affect

water heating calculations.

Correction of auxiliary energy costs to fan heaters.

New adjacency for envelopes has been added to allow a better assessment of thermal
mass of internal envelopes contained within a zone formeddoging of two or more

neighbouring zones.

It was observed through the sensitivity study, that there were a number of discrepancies with
the inputs in SBEM for the campus EPQs.was noticed that the newly obtainedvialues
(Vogler et al 2010showed different Walues to the original values that were input into the
program. It was also noticgly going through thactivities assiged to building spaces, that
there were some spaces that were allocated the wrong actwitgxample of thisvas with

the facilities building where the library was allocated as a bathroom. This may have been a

mistake when carrying out the calculatiarsl theallocation being omitted askathroom is
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the default assigned activityThere were a few other occasions where more apt building

space activities could be assigned.

It was also noted that the original EPCs for the three buildings were cautieging natural
ventilation. This was due to there not being an option in the iISBEM program to choose
&entral heating using radiators: water with mechanical ventitatiBrom the studies carried

out in this report, this was not seen to be the c#sea result, mechanical ventilation was

added to all the building zonewdividually that had ventilation systems servicing them.

The results of the sensitivity stuayrried out on the Engineering Buildimgn be seen in
Table6. The results of the ssitivity study showed the same trends for all the three campus
buildings. Running the model under the new version of SBEM, versianiBvas seen that

there is a lower value being obtained. Furihgestigations showed the main reason behind
this wasthat the equipment values were omitted from the overall energy calculaticren

be noted that the Walue alteration gave the largest change in energy usdgeinfiltration

rate and building space activity allocation changes showed relatively@raabes in energy

use compared to the original valugShanges to take into account mechanical ventilation in
the facilities building, it can be seen that this raises the energy usage which is to be expected.

Alteration Original Value | New valle
(kWh/n) (kWh/n)
Re-run of Buildingson SBEM \ersion3.5a 173 150
Building space activity assignmeatterations 150 148
Addition of mechanical ventilatiom relevant building | 150 169

spacegUsing SBEM default values)

ReplacingU-values with more accuratiguresfor all 150 144

constructions in the model

Altering existing air permeability of buildinigy adding5 | 150 156

m°h’*m? to default value

Altering existing air permeability of building by 150 144

subtractingd m*h™*m? to default value

Building Orientation Change (0° th80°) 150 150

Table 6: SBEM sensitivity assessment resultgor Facilities Building)
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7.5.1 Comparisons of New EPC Data to Actual Data

The values from the origat and new EPC outpufeom the sensitivitystudy can be seen in
Table 7. It was observed that, with the new EPC results, that the predicted energy was
significantly lower than the original value®verall, it can be seen from the results that, for
the whole campus, the new prediction of energy 18525% lower than the original EPC
prediction. The new prediction for the whole campus regard®@, emissions produced a

similar trend with a 22% reductidrom the original EPC data.

When comparing the values, it is clear that the Engineering Bloo#uced the biggest
difference. Both the Facilities and the Rural Development Buildatgpshowed a significant
drop in energy usage.lt was seen that both the Engineering and Rural Development
Buildings gained a higher rating from the changes, mov¥iogh G to F and D to C

respectively.

It was found the main reason that the new EPC results are lower was due twdhes U
changes. It was seen that the assumealUes did not accurately represeoime ofthe
building corstructions. This was mogbrominent in the glass/fibreglass roof in the
Engineering Building. The difference in\alues, of assumed and calculated, was also seen
to be high in some cavity wall constructions and floors. Validating and altering building
space activity in the progm reduced the energy use in the buildings by a small amount.
Aspects, such as adding mechanical ventilation to the model and altering air permeability,

would have increased the energy use of the buildings.

Campus building Original EPCAnnual Values = NewEPC Annual \Alues

Energy use | CO, emissions| Energy use | CO, emissions
(KWh/n) (kgCO/m?) (KWh/n) (kgCO/m?)
Engineering 448 126 321 93
Facilities 173 53 133 43
Rural 156 46 128 39
Development
Whole Campus | 249 73 186 57

Table 7: Comparisons between original EPCs and new EP@aluesfrom sensitivity study
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The newvalues obtained from the EPCs in the sensitivity study were then compared to the
actual usage to gauge if it is performing to expectations. The same comparisonsadere

as with the original EPC datdt was observed from this comparison ttierewas a marked
improvement in terms of matching predicted and actual energy usage compared to the

original predicted EPC values.

It was notedwith the newdetailed EPC mults that the electrical usage was now under
predicted by nearly 10% compared to the actual energy Tisis. was a change of an over
prediction from the original EPC data. However, the oil usage prediction from the new
simulations showed that it waslisbeing over-predicted by 22%,compared to actual heating
data Despite this, the new predicted heating loads are lower than that of the original
prediction figures. The new prediction produces a value of 411.12kWh/KDiZh is
54.9kWh/HDD more thans actually being used. This is a dramatic improvement to the
original prediction. It has to be notkthat the occupancy levalsthe SBEM database would

be higher than those of the actual campugding. This would megnoverall; the actual
energy uage should be lower than that of the SBEM predictiofisis conclusion seem to
match well with Egan (2009) who regarded occupancy ldseas one of the reasons that
discrepancies occur between predicted and actual energyTagecomparisons of the new
and original predicted energy use to the actual energy usage can be seen in graphical form in
Figure2l.

Predicted and Actual Energy Use comparisons
2000
1800 - m Original Predicted Yearly
1600 - OiIUsage
g 1400 - m New Predicted Yearly Oil
Usage
2 1200 - &
[H] .
ﬁ 1000 - B Average Actual Yearly Qil
S Usage
> 800 -
g New Predicted Yearly
£ 600 - Electrical Usage
400 - m New Predicted Yearly
200 + Electrical Usage
0 .

Figure 21: Annual comparisons of energy usage (by fuel type) of original and new EPC values with actual
usage
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An analysis was carried out for comparisons of the new predicted and aciugly
electrical usage. The results of the comparisons are illusiratéigure22. It can be seen

that with the new predictionhe new electrical usage prediction is much lower than the actual
usage in the winter monthsThis is most prominent between the monthdNokkember to
March. This meets expectation as there \8asn to be a fair number of convective heaters
being used in the Engineering Building to keep occupants warm. This would undoubtly
mean a higher electrical consumption would be evident, especially in the winter months. As
with the original comparisonhére is an oveprediction in the summer months, especially in

July, where occupancy levels are extremely low.

Predicted and Actual Electrical Use Monthly
Comparisons

100
80

60 —_— ‘Q#&
40

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Electrical Usage (MWh)

Month

— Average Actual Monthly Electricity Use

— New Predicted Monthly Electricity USe

Figure 22 Monthly electrical usage comparisons between new predicted and actual usage

These new EPC values amorh initial studies still have to be verified. A more detailed
analysis has to be carried out to ascertain the rightlUes and to check the correc

assignment of materials haleengiven to building structures in the building model.
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7.6 Further Analysis

For further analysis of the campus buildings, the CIBSE TM22 energy assessment and
reporting procedure was carried qutField & Chartered Institution of Building Services
Engineers. 2006) This TM22 procedure allows comparisons to benchmark buildings and
actual energy usage. It is based on the ECON 19 analysis for office buildikgs
Government Energy Efficiency Best Practice Guide 2@0@) also PROBE investigations.
However, with the TM22 procedure it allows a more detailed analysis of buildings. It is
possible to argse multiple zones and buildings in this procedure and gives a breakdown of
the different areas of energy use in the buildings; such as lighting, heating and ventilation, in
relation to actual usage inputs. The procedure will then compare the actualtospepd

practice and typical buildings of the same type.

7.6.1 TM22 Analysis

The TM22 proceduré] Field & Chartered Institution dduilding Services Engineers. 2006)

was carried out for the Lews Castle College Campus. The exercise of the TM22 procedure
was to compare the energy use of the campus to rough benchmarks to see how it was
performing. For the TM22 procedure for the campi® multizone system assessment
option was chosen to be carried out. Three zones were fatdEth campus building being
regarded as onbuilding. The areas of the campus buildings were then entered into each
relevant zone assignment. The EngimggerBlock was assigned as a light manufacturing
building whilst the Rural Development and Facilities Building were assigned as offices with
mechani cal ventil ation. Adjustments were m
with actual gathered data t@min a more valid and accurate comparison to the benchmarks.
Changes were made to the number of computer workstations in the building zones, from a
count that had already been carried out on the campus. The occupancy periods were also
changed to anore ajppropriate level for the allege buildings. Finally, the heating degree
daysvalue wasalteredto the correct value for the camparsd location
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7.6.2 Results of TM22 Analysis

The results of the TM22 analysis showed that the College performed just aelgpical
building. It also showed that the campusldings wererequiral to significantly improve
energy efficiency to reach the good practice benchmark in the TM22 procedure. The results
of the detailed TM22 analysis can be found in Figi#e
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a0+ B Office equipment
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BHumidification

40 BPFumps & controls

30 = OFans
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OHot water
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H
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Figure 23 TM22 detailed results for actual usage compared to benchmarksr CO, emissiong(in
kgCO,/m? of gross internal floor area)
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8. Methodology for Analysing Actual and Predicted Energy Usage

As mentioned in the aimsf dhis thesis, a methodology to find discrepancies between
predicted and actual energy use in a buildings was one of the main objedthiesection
details the methodology that has been produced through this project.

The methodology can be illustrated in awthart in Figure24. This flowchart is a
simplified step by step guide on how to tactliscrepancies between predicted and measured

energy usage.

8.1 Initial Steps

The first step is to obtain the EPC data for the relevant buildings and the energly thidse
is detailedBEMS data logged and available for energy usageind the buildingthen this
would be even better for identifying areas of discrepamgta from the energy billand the
BEMS have to be converted to the relevant units in the.EPs would require converting
usage to kWh/fmand requiring floor areaf the buildingin order to carry this out.
Comparisons also have to bede in terms of COemissions. For this, CQ factors can be
found from resources, such as the Carbon T@atbon Trust 2005¥or the fuel(s) that are

being used in the building(s).

It has to be noted that, ideally, as detailed actualatbad could be possibly obtainstould

be used for the comparison. This is so that any discrepancies that occur can be pinpointed to
an area of the building(s), whereby testing can be taken and recommendations made. With
actual energyse deduced mawlifrom energy bills, most of the recommendations will be
fairly generalised for the building(s).

The EPC results will not only produce the energy certificates, but also a breakdown of
various aspects of energy usage in monthly stdpsh can be found ithe SBEM sim.csv
files. If possible, a breakdown tie averagenonthlyenergy usag terms of electrical and
heating usagdor areasonable amount of time about 5 yearsfor thebuilding(s) should be

carried out. These could then be plotted agja@ach other illustteng if the energy usage
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match This would allow theenergy assess@o deduce where and what periaoisareas
discrepancies occand to investigate further
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8.2 Investigation Stage

Once the initial analysis is carried out, ame difference of actual and predicted energy

usage is establishefihcus can be turned onto why the discrepancies are occurring.

The first area to loolat is a post occupancy survey that should be carried out in order to
investigate the building characistics and the behaviour of the occupants in the building.
This is important; especially when measured energy use is higher than predicted energy use,
as occupants can often have controls over such aspects as heating in certain building zones.
This caild have a large impact on energy use in the building(s). A questionnaire and visual
inspections around the building(s) would be sufficient to observe the performance of the
building in terms of thermal, air quality and lighting comfort. This should tiieeanalyst a

good indication of where the possible deficiencies are in terms of energy efficiency. The
guestionnaire used for this thesis could be used as a template for a POE of the byilding or
alternatively there are abundant resources on the ieteon the subjectVisual inspections

can give clues on how the buildimgperforming. Any additional stand alone heaters or fans

in rooms can indicate if a building is not performing properly.

If the building has a BEMS in place, then thishie nextarea that requires to be looked at as
well to find possible discrepanciesThe BEMS is not only useful to potentially gather
detailed actual energy use, but also is an area where energy inefficiencies could originate.
The BEMS has to be looked at in raadetail to see if operations are being used optimally.
This means investigating the BEMS digitally and analysing the system and its schedules.
Optimisation times may differ fodifferent seasonaperiods. For example, many buildings
have a summer runmy time where heating may only be activated for several hours a day.
Aspects such as occupancy levelhould be looked at to optimise heat to the buildiAg.

well as looking at the BEMS, it is important to carry out an inspection of the HVAC system
in the building(s). This is to see if there are any issues deriving from the performance of the
system. Discrepancies can occur from a number of sources, sunkffesent or broken
systems and conflict in control system# survey should also be camlieout on sensors
around the building(s) as the some could affect the energy usage of the building(s). This is to
see if there are discrepancies such as between external temperature sensors that can affect

energyperformanceof the building Data that idogged from the sensors can be compared to
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each other to see if there are any discrepancies between thentar Samparisons can be
made to logged data, with the likes of internal temperature systems or pipe flow temperatures,

to see if the building orlding systems are performing to recommended standards.

The next step of the methodology isctrry out thermal imaging surveys around the building
internally, in conjunction wih air pressure testindo give an indication of where heat losses

are occwring and assesthe qualityworkmanship in the building spaceMore significany

would be to carry out thermal imaging surveys on the outside of the b#dingee where

heat losses are occurringlot only this, but an external thermal imagingvay can also be

used as an investigation toolt would be useful to carry out the thermal imaging survey
during times of occupancy and building closure to see if thkdibg is performing as
expected However, it is important to cargutthe thermalmaging survey when the weather

is cold so heat losses can be clearly defined. Once these measurements have been carried out
and analysed, recommendations can be made to remgdssaas that occur.

Air pressure testing of the whole building can indidadev airtight the building is in terms of
infiltration rates at various pressure differentials. Air pressure testing can be carried out
internally of the building as well which shows where air leakages are occurring in individual
rooms using smoke visuaétion. Again, this test can indicate poor workmanship in building
spaces that can result in lossd®y carrying out this testing, it is possible to quantify how
airtight the building is.The air leakages of the building(s) can then be altered in tGetd&#®

if it is different to the original value.

The procedure can then move onthie inputs and assumptions that were used in the EPC
analysis, on tools such as SBEM or otherwisethe EPC was carried out in a previous
version of the modelling toolt would be good practice rerun it in thenewest available

version as it may affect the comparisons, but not by miitis is especially important when

the EPC is depicting higher energy use than the building is actually using, which is the case
with Lews Castle College campus. It is important to make sure that the values being entered
into the modelling analysis are accurate or reasonable. The climatic data has to be chosen
that has the best representation of the location of the building analyssdmptions have to

be questioned and investigated to see if it is being modelled correctly. These could be any of

the following:
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U values of the building materiadéd constructions
Heating efficiencies and ventilation
Optimisation times of heating andaling

Infiltration rates

= =/ =4 A4

Assignment of building space activity use

The aspects above could affect the accuracy of energy usage in the building and can result in
inaccurate EPCs being produced. This will, in turn, lead to discrepancies to the praticted a
actual energy usage comparisomsnew EPC should be generated for the building(s) from

this simulation assessment and compared to the original prediction.
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8.3 Post Processing Stage

If the difference between the original and new EPC valuesgisificant, then it would be
worthwhile to carry out a nesomparison with the measured data to see if the energy uses of
the building(s) are better matched@he new EPC then has to be verified, to make sure the

changes are indeed correct, and new certiicateduced.

From the testing and analysis of the building, it should be possible to make recommendations
on what improvements are required, or in the case of modelling tools what limitatibns tha
can affect energy predictions. Preferably, the recommemdashould be split into two
categories, short term and long term, and prioritised. This is to allow the client to implement

measures that can be cost effective or help efficiency in the building(s)

The resultsfrom following this methodologyhould #ow the building energy assessor to
identify areas that can cause discrepancies between predicted and measured energy use.
Although this method focuses on qualitative daktes, outcome of the methodology gives
scope to carry out changes to the major anéasergy losses. In addition, tmeethodology

has the added advantage of checking the inputs entered into the simulation program to obtain
the EPC for the building). With the results, the assessor can then make recommendations
on how to improve eneygefficiency of the building(s) through. This can be through
improvements on the buildings itself, optimisation of systems in the buildings or behavioural
education for the building occupantdhe improvements can then be implementedhe

building.
After a sufficient amounof time, the methodology should be run again with new data to see

if the upgrades have improved the match up in predicted and actual energyhagarocess

can be repeated as many times as deemed necessary.

Page [/4



8.4 Further Analysis Stage

Optional analysis could be carried out using the CIBSE TM22 procedure to see how the
building(s) perform under typical and good practice benchmarks for the building types. This
will allow comparisons t@ive an accurate representation on hbe/building is performing

to typical standards in terms of energy uskhis procedure is highly recommended to be
carried out as it can also show an estimated breakdown of actual usage. In addition, this
procedure can be performed after improvements hame imade to the building(s) to give an

indication of how much has been actually saved.
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Figure 24: Flowchart illustrating the methodology to identify discrepanciesbetween predicted and actual
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9. Recommendations

There have already been recommendations on how the building eingpioved suggested

by the EPG. These suggestions include adding time control to the heating system, replacing
halogen light bulbs to more energy efficient onesl @n efficiency survey on the heat
generation systemThe EPG also recommended that some areas of the campus have too
much lighting fixtures for a given area and should be redutmdeed, visual inspections of

this building brought up some observasaihat could affect energy efficiency. It was seen
that, in several corridors in the building, there was over use in lighting in these @hesass

predominant in the Facilities Buildipg/hich can be illustrated in Figugs.

Figure 25: Images of excess lighting in the Facilities Building

It was also recommended that solar control measures, such as shading devices, should be put
into place in order to reduce the risk of overheating in areas around the casprsally in

the summer Priority for solar control measures has totgdghe Engineering Blogkvhere it

was found solar gains in the summer creates high temperatures in the building due to the
glass roof. Consideration should be given to installimgchanicaloller blinds on the roofs

in order to reduce the risk of ovediting. Installation of blinds would have the added
advantage of reducing heat losses on cold daysribging down the flow of air across cold

glass.

Recommendations have to be made to the SBEM tool that was being used to calculate the
EPC. More climge data for locations, especially Scotland, to be added to the SBEM
database must be a priority as it was observed there are a very limited number of locations.
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It may be useful to create a model in a more detailed modelling tool, such -asiE&Roped
by the University of Strathclyde, to gain a better prediction in terms of energy use in the

campus buildings and to verify the EPC results.
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9.1Short Terms Measures

Short term measusgo improve energy efficiengyfound through the analysis carried aut

this report,is to improve airtightness in the campus buildings. This holds true especially for
the Engineering and the Facilities Buildindt was seen that around these buildings there
were issues with workmanship in some areas. This aggrvedin thermal images on
window seals and blower door tests in the rooms indicating leakages in rdteptacing
poorly fitted ceiling tiles around the campus can help with heat losses throughout the campus.
Poor workmanship was also apparent through visiggddctions. It was observed that there
were large gaps on some doors which would affect energy efficiency. This is illustrated in
Figure 26 where the gaps between the doors and the ground are applreats seen that
some doors had a gap of up to 20nmirom the bottom of the door to the floor.
Draughtprofing of these areas should help with energy efficiency with little financial

burden.

Figure 26: Image of doors leading from Facilities Building to Engineering Building. Gap from
floor to bottom of door is 15mm

Furthershort termimprovements that could be made are to replace the existirtmgigthe

majority of which is halogen tubes, with LED lightingrhis has already been carried out
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partially on a small proportion of the lighting fixtures around the campus, but the majority
have to be changed. This could have a large impact on ensagg;uhowever, the cost of

these bulbs is fairly expensive.

A variable speed drive installed in the pumps, which is currently running at a fixed speed, in
the heating system would also aid in energy efficiency in the short term. By installing

variable sped drives, the flow rates can be optimised in order to gain as much efficiency out
of the heating system. This would create an appropriate temperature differential between

inflow and return temperaturdsetween 1012K, thatis not being achievealt pregnt
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9.2Long Term Measures

Moving onto longer term measuresnajor area of improvement that could be carried out on
the campus would be to install lightiegntrol. It was seen that corridors and certain rooms,
such as toilets, that were not in uegularly often had the lights still running. Of course this
would result in issues in energy efficiency which could be easily remediéation sensing

light control could be installed in corridors and toilets. Daylight sensing controls could also
be pgaced in office spaces in order to save on energy use from lightingroving insulation

in the constructions of the campus buildings will also aid better energy performance.
Installing cavity wall insulation and insulation on exposed floors will reffuce heating
loads.

One of the main challenges thaéveto be overcome is to utilise the BEMS fully in the
campusfor the purposes of energy efficiencyntegration of the various systems, such as
ventilation and heating, has to be carried out to géfective control. Currently, there are
too many areas of controls of different systemfgorithms can be produced in order to turn
the boiler on at optimum times in the morning. The reason for doing this @nanborning

can have very low tempsiuresrequiring more heating to get a space up to temperature.
However, the following morning could have very mild temperatures, requiring less heating to
get the building space up to temperatu@ther aspects that could be integrateid the
BEMS toimprove efficiency of the HVAC system, is to put in more sensorshat more
feedback loops can be put into action. ;@@nsors can be installed to monitor air quality

the AHU in the buildings setup in the BEMS to operate from the i@&@dings, whictwill
fluctuate depending on occupancy levelBhis will allow zonal control of ventilation and
would also be made more efficient with variable speed drives instaNMintaining and
fixing the ventilation systems is also an important recommendatioraag have broken fan

belts resulting in wasted energy.

Installing Smart meters in the campus buildings can also allow the College to manage its
energy usage more efficiently. Work has already started on the looking at installing a number
of smart metersn various locations on the campus to monitor energy ugégegler et al

2010) These meters could be integrated into the BEM&reenergy usage could be more

effectively monitored and control of energy systems can be carriedTdus can lead to
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logged actual usage data that would allow a more detailed and accurate comparison to
predicted usage. This, in turn, will enable easienidications of the areas that cause the

mismatches.

All these recommendations should be taken into account in order to try and improve
efficiency in the buildings. Training should also be given to occupants in the building on
how the BEMS actually wogk and change their behaviour in terms of energy use in the

campus buildings.
AFl ow, continual flow, continual <change
Rina Swentzel Pueblo Indian architectural historiaiBrand 1995)
Table 8 shows estimations of payback periods and possible impact that recommendations,
both in the short and long term, made in this report can have on the college builtegs.

payba& periods were deduced mainly from detailed EPC recommendation output files as

well as research into prices and the effectiveness of the technology.

Recommendation Payback Period | Potential Impact
Replacing current T8 lamps with T5 conversion | Less tlan 3 years | Medium
Mechanical Blinds or other shading devices on | Less than 3 years| Medium
glassf/fibreglass roof

Reduce number of light fittings Less than 3 years| Low

Install SART meters Less than 3 years| Low - Medium
Integrating BEMS and optimising cwal 3-7 years Medium- High
Install cavity wall insulation 3-7 years Medium
Secondary glazing for glass/fibreglass roof 3-7 years Medium
Lighting control 3-7 years Low 1 Medium
Replacing boilers for condensing or biomass CH 7+ years High

boilers

Install insulation to exposed floors 7+ years Medium

Table 8: Payback periods and possible impact of recommendations made for the College
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10. Future Work

There is still much that could be researched in terms of analysis of the céujdings.
Through initial research here improvements of how energy usage is monitored have to be

made in order to carry out a thorough comparison of actual and predicted energy use.

10.1 Lews Castle College

Future work for the campus, once recommehoieprovements have been completed, is to
look into the feasibility of renewable means to generate electricity and heat. The college
could look into utilising the abundance of natural resources in this area of the UK. The North
West of Scotland has beseen to have the highest resources of tidal and wind resources in
Europe. Indeed, Greenspace Research is already in the process of carrying out a feasibility
study to place wind turbines in open terrain near the camphis scheme will consist of two
25kW medium scale turbines and a micro scale wind setup consisting of a 6kW and 5kW
turbine(Vogler et al 201Q) A feasibility study cold also be carried out on creating a micro
hydro scheme in the burn that is near campus. This has a head heidl@nofahd would be
suitable to generate electricity. Heating the campus is the biggest challenge in terms of
energy efficiency of the Coliee building. There are plans to replace the oil 850kW boilers,
which are due for replacement in the near future, with a biomass burner fuelled by locally
sourcel wood chips A study of producing woodchip fuel has already been looked into and
the benefitpublishedVogler & Bradley 2009)
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10.2 Methodology

In terms of future work on the methodology introduced in this thesis, the primary aim would
be to validatat with other similar buildingsn and around Scotland. This is to see if the
methodologyis suitable and to ascertain if there should be any alterationsasades in the
initial stages Further work has to be carried out in the aiegsure testing in the
methodology. Further to thisthe methodology can be used in other building types, such as
supermarkets and office buildings, to gauge its effectivends$gere could be scope to carry
out a more in depth look into identifying andiatifying thermal losses by using test
procedures such as the STEM (Short Term Energy Modelling) methloel STEM method

can be integrated in with the investigation stage and would involve gathering relevét data

excitations to the buildingvhich indudes;

Co-heating test to obtain overall heat loss coefficients
Cooling test to obtain heat capacitance
Floating temperature test to obtain the effect of solar energy to the building with
opaque and transparent surfaces
1 Measurement of solar energy andestimeteorological variables
1 Air pressure testing
(Judkoff et al. 2000)

This methodology can be carried out with and without the HVA§tesn operating to see

how much influence the HVAC system has. The gathering of data should take three days and
can be analysed through energy balance equations. The STEM maethlodbe important

to integrate intdhe current methodology,sdt is mainl qualitativeand the STEM method

will add someguantitativeresultsin the assessment of discrepanciesurther future work

couldincludemodifying the methodologgo that it can be applied to warmer climates.
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11.Conclusions

11.1Case Study Conclusn

In terms of drawing conclusions on the case study, it was seen that there are large scope to
improve efficiencies of the Lews Castle College campus buildimgisial analysis showed

that the energy predictions vastly over projected heating use aathgus. However, after a
sensitivity study carried out on the campus EPCs, run through SBEM, the over projection still
occurred but was much lower. The electrical usa®wed to match more to in line with
expectationsafter investigations of the camguand carrying out a sensitivity study was

carried out in the SBEM prediction tool.

From thermal imaging and post occupanggleations, it was seen thatilising the BEMS
system to maximise its full potential @& important aspect to investigatdt was seen that
there were too many conflicting systems vying for control in the building and better
integration of the system has to be carried dutvasalso seen in the investigations tttfze
Engineering Building produces the largest problem when asihg energy efficiency.
Improvements were recommended to improve the airtightness of the buikling as
through draft proofing of dooysuspended ceiling tilesnd windowsas well as dealing with

the heat losses and gains associated with the gldgseeglass roof.

The analysis of the EPC simulation model, SBEM, showed that the program has its
limitations. It wasfoundthat the tool relie®n broad assumptionie produce EPCs. This is

to allow comparisons to be made with buildings of simtigges and location However, it

was seen in this report that some of the assumptions were too broad. The most significant
issue is that there is only one set of climate data, Glasgow, which covers the whole of
Scotland. This poses a problem especialhem carrying out simulations imé North of
Scotland where the temperatwan be several degrees below @tas and experience higher

wind loads. It was recommended in this report to possibly use a more detailed modelling

program, such as ESPto verify andgain more accurate predictions.
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11.2 Methodology Conclusions

Looking retrospectively ahe methodology for identifying discrepancies between predicted
and actual energy us#his main objective has been completed. The methodology was
producedfrom the analysis carried out on Lews Castle College. The methodology still,
however, needs work to be carried out on Tthe methodology still has to be verified to see

if it produces results for similar and different non domestic building typesddition, it is

yet to be seen how powerful this methodology is when detailed actual energy use i8aused.
the methodology is in its early stages, there will be modifications and improvements that may
have to be made to it as it progresses. Such matbinsaare tary and quantify the losses

and discrepancies as the method outlined in this report is very much qualitative. Other
alterations to the methodology includddng more testing procedurgsuch as incorporating

the STEM procedura@r to modifyit to be used in different climates around the world.
Energy efficiency is no longer an optional extra in buildingshas now become a basic
requirement. In developing this methodology for this thesis, it is hopedt thdt aid in
understanding anisnproving building performance of non domestic buildings addition,

it is hoped that the results of running the methodology wilkenpeople and occupants
realise the importance of energy efficiency.

AThere is no energyramcseds, only a ¢c¢

- R. Buckminster Fulle(18951983)AmericanArchitect Inventor, Futurist

AThec heapest energy is the energy you do

- Sheryl Crom(1962 PresenjtAmerican Singr/Songwriter
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Appendix

Appendix A - Climate and Heating Degree Day$raphs
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Figure A-1: Climate Data for Stornoway, Scotland. Talen from www.climatetemp.info
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Appendix BT Building Plans
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Figure B-1: Building Plans for Lower Floor (Top Image) and Top Floor (Bottom Image) of Engineering
Building
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Figure B-2: Rural Development Building ground floor plans
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Figure B-3: Rural Development Building top floor plans
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Figure B-5: Facilities Building 1st floor plans
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Figure B-6: Facilities Building top floor
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Appendix Ci Energy Performance Certificates

Energy Performance Certificate for buildings other than dwelings

Building Energy Performance Scotland
Caculated asset rating using Buiding type H
@ |iS8EM 343 [SEEN] Further ecucation universities Current rating
e Excellent
8 4 Carbon Neutral
=
.'E . A (0to15)
‘3 B (16t030)
8 C (31to45)
= D (45 to60)
(1]
£ E (51tos0)
e
€| N F eoion)
s | I G oo ¢
ery Poor
=M | Carbon Dioxide Emissions
E The number refers to the caloulated carbon dioode emissions in terms 126
Q of kg per m* of floor area per year
£ | Approximate curent energy use per m?* of floor anea 448 KWhim*
m Maln heating fusl: il Bullding Servlces: Heatng with Mat. Vent.
Renswable enargy sourca: Elactricity: Gnd supplied
Carbon Dioxide is a greenhouse gas which confributes to climate change.
Less Carbon Dicxide emissions from buildings helps the envirenment.

Benchmarks

A building of this type built to building regulations standards current at B
the date of issue of this cerdificate would have a rating: 30

‘Where the accompanying recommendations for the cost effectve improvernent - E+
of energy performance are applied, this building wou'd have a rating: 83

Recommendations for the cost-effective improvement (lower cost measures) of the energy performance
1. Consider repiacing TE lamos Wit refroft TS corversion KX 4. Add opimum starishop b e heaing sysiem.

Z. Some spaces have a significant risk of overneating. Consider 5. Some wals have uninsulated cavilies - introduce cavity wa
solar control measurss such 2s the applicabion of refiective coating  Insulation,
or shiading dewioes fo wincows

3. Infroduce HF (hipk freguency] ballasts for flworescent bobes: E. Bome windows have high U-values - conslder Imstalling
Reduced number o Hings requined secondary glazing.

Address: Engineering Block, Lews Castle College, Stornoway, Isle of Lewis, H52 0XR

Conditioned arsa {m): 2028
Mame of protocol erganisation: CIBSE Certification Lid, [LCEADZBE3E]
Date of issue of certificate: 31 Jul 2009 {Walid for a period not exceeding 10 years)

This certficate is a requirement of EU Directive 2002/91/EC on the energy performance of buildings.

NB THIS CERTIFICATE MUST BE AFFIXED TO THE BUILDING AND NOT REMOVED UNLESS REPLACED
WITH AM UPDATED VERSION AND FOR PUBLIC BUILDINGS DISPLAYED IN A PROMINENT PLACE

Figure C-1: Energy Performance Certificate for Engineering Building
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Energy Performance Certificate for buildings other than dwellings

| Building Energy Performance Scotland

| Calculated asset rating using Building type :
iSBEM v3.4.a [SBEM] Further education universities Current rating
Excellent
Carbon Neutral
= A (0to15)
B (16t030)
C (31to045)
D (46to60) D
E (61t080)
D> F @t
B G o
Very Poor
Carbon Dioxide Emissions
The number refers to the calculated carbon dioxide emissions in terms 53
| of kg per m? of floor area per year
— ‘ Approximate current energy use per m? of floor area: 173 kWh/m?

Main heating fuel:  Oil Building Services: Heating with Nat. Vent.
Renewable energy source: Electricity: Grid supplied
Carbon Dioxide is a greenhouse gas which contributes to climate change.
Less Carbon Dioxide emissions from buildings helps the environment.

Benchmarks

A building of this type built to building regulations standards current at C+
the date of issue of this certificate would have a rating: 32

Where the accompanying recommendations for the cost effective improvement D+
of energy performance are applied, this building would have a rating:

Recommendations for the cost-effective improvement (lower cost measures) of the energy performance
1. Consider replacing T8 lamps with retrofit T5 conversion kit. 4. Add optimum start/stop to the heating system.

2. Some spaces have a significant risk of overheating. Consider 5. Some walls have uninsulated cavities - introduce cavity wall
solar control measures such as the application of reflective coating insulation.
or shading devices to windows.

3. Introduce HF (high frequency) ballasts for fluorescent tubes: 6. Add local time control to heating system.
Reduced number of fittings required.

Address: Facilities Building, Lews Castle College, Stornoway, Isle of Lewis, HS2 0XR
Conditioned area (m®): 4965

Name of protocol organisation: CIBSE Certification Ltd, [LCEA029636]

Date of issue of certificate: 10 Aug 2009 (Valid for a period not exceeding 10 years)

This certificate is a requirement of EU Directive 2002/91/EC on the energy performance of buildings.

NB THIS CERTIFICATE MUST BE AFFIXED TO THE BUILDING AND NOT REMOVED UNLESS REPLACED
WITH AN UPDATED VERSION AND FOR PUBLIC BUILDINGS DISPLAYED IN A PROMINENT PLACE

Figure C-2: Energy Performance Certificate for Facilities Building
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Energy Performance Certificate for buildings other than dwellings

Building Energy Performance Scotland
‘ Calculated asset rating using Building type .
| iSBEM v3.4.a [SBEM] Further education universities Current rating
Excellent
. Carbon Neutral
. A (0to15)
B (16t030)
C (31to045)
D (46t060) D+
E (61t080)
D F @
B G o
= Very Poor
Carbon Dioxide Emissions
The number refers to the calculated carbon dioxide emissions in terms 46
| of kg per m? of floor area per year
| Approximate current energy use per m? of floor area: 156 kWh/m?
= Main heating fuel: ~ Oil Building Services: Heating with Nat. Vent.
Renewable energy source: Electricity: Grid supplied

Carbon Dioxide is a greenhouse gas which contributes to climate change.
Less Carbon Dioxide emissions from buildings helps the environment.

Benchmarks

A building of this type built to building regulations standards current at B
the date of issue of this certificate would have a rating: 29

Where the accompanying recommendations for the cost effective improvement C +
of energy performance are applied, this building would have a rating: 37

Recommendations for the cost-effective improvement (lower cost measures) of the energy performance

1. Some spaces have a significant risk of overheating. Consider 4. Some walls have uninsulated cavities - introduce cavity wall
solar control measures such as the application of reflective coating  insulation.
or shading devices to windows.

2. Consider replacing T8 lamps with retrofit TS conversion kit. 5. Introduce HF (high frequency) ballasts for fluorescent tubes:
Reduced number of fittings required.

3. Add optimum start/stop to the heating system. 6. Add local time control to heating system.

Address: Rural Building, Lews Castle College, Stornoway, Isle of Lewis, HS2 0XR

Conditioned area (m’): 2237

Name of protocol organisation: CIBSE Certification Ltd, [LCEA029636]

Date of issue of certificate: 31 Jul 2009 (Valid for a period not exceeding 10 years)

This certificate is a requirement of EU Directive 2002/91/EC on the energy performance of buildings.

NB THIS CERTIFICATE MUST BE AFFIXED TO THE BUILDING AND NOT REMOVED UNLESS REPLACED
WITH AN UPDATED VERSION AND FOR PUBLIC BUILDINGS DISPLAYED IN A PROMINENT PLACE

Figure C-3: Energy Performance Certificates for the Rural Development Building
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Appendix DT Actual Energy Usage

Actual Energy Use
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Figure D-1: Actual energy use summary over a 5 year period
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Appendix ET BEMS Schematics

Facilities Building
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Figure E-1: Facilities boiler room

Figure E-2: Facilities hot water system (Block A)

































