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Abstract

‘Sustainable development is best explained as gakibommon sense approach to the way
we live our lives by balancing out the social, emoical and ethical aspects of each
decision that we make. We have to think carefubhpw the impacts of our choices to
ensure that we minimise harm and maximise the benef these areas for the local

community and beyond, now and in the futureGlasgow City Council

It is the hope that this project, in some way, witl in the research into the development of
technologies that, combined, will directly impaé tocal environment and the standard of

living in Glasgow.

Working together with Glasgow City Council and taiversity of Strathclyde, a project
was accepted to develop a set of guidelines irgdatge-scale implementation of district
energy schemes in Glasgow that would have massivieoemental, economic and social

benefits for the local community, and set a prenetle the rest of Scotland, and the UK.

The findings will demonstrate an understandinghef ¢ontributing factors to a successful
district energy scheme, understand the historicahts that have influenced district energy
in the UK, and develop a model of a future develepmwhich due to its nature, could

have potentially global attention.
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1. Introduction

This project is aimed at developing a new set adgjines that will significantly contribute
to the large scale implementation of district hegtnd/or cooling (DHC) within Glasgow
City Centre and specifically, in conjunction withet development of the Commonwealth
Games Village in 2014 and surrounding projects.eBeshing district energy including
previous case studies in the United Kingdom anthfewound the world will illustrate the
main factors that impact a new DHC system. Althotightechnology has existed for many
years, it has a relatively unpopular image. Onlylyfarecently has this opinion altered
towards a positive one due to a few climatic faxtdrhis thesis will demonstrate to its
reader; an insight into the past history of DHCthe UK, present technology and the
components that contribute to a successful systam, the future potential of DHC.
Combining that with a technical case study fromuturie development in Glasgow; it is
intended to demonstrate the potential for the |lagge implementation of district energy

schemes.

1.1 Project Background

On the 2% of June a bill titled ‘Sustainable Glasgow FedijbStudy’ was passed through
Glasgow City Council. The proposed feasibility stwdll provide the city with evidence
to support investment in a range of projects thdtomntribute to the city’s environmental
and sustainable objective. The study will alsovaltbe Sustainable Glasgow concept to be
developed in a way that will maximise the potentiatl ensure the most positive outcome

from this investment for Glasgow and its pedpie

The proposed study aims to:

+ Assist in developing and defining the vision ofwstainable Glasgow.

+ Develop the relationships necessary to making $adike Glasgow a reality.

+ Develop the evidence base necessary (costs, enesiks, technical feasibility,
option appraisal) for the consortium, Glasgow Giguncil, Scottish Enterprise,
Scottish Government and other potential partnermaie informed strategy and
investment decisions.

+ Assist the consortium, Glasgow City Council, SabitiEnterprise, Scottish
Government and other potential partners to agreal#ésired outcomes and critical

success factors for the Sustainable Glasgow invergtprogramme.
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+ Evaluate the carbon emissions reductions that wdwdd achieved through
investment in district heating, sustainable tramsp@aste water management and
other options.

+ Examine options to work with the 2014 Commonwe&itimes and other public
and private investment programmes to demonstratde@&dership in sustainability.

+ Identify and assess options for the developmentlistrict heating and cooling
networks, sustainable transport networks and inmgmowater and waste water
handling.

+ |dentify and assess options for the development teflecommunications
infrastructure alongside a district heating network

+ Identify the regulatory compliance requirements foe implementation of the
Sustainable Glasgow programme.

+ Agree a preferred business model, approach andidecmaking structure to

making Sustainable Glasgow a reality.

The scope of the feasibility study will include tiedlowing:
+ The geographic scope of the study will be basetherCity of Glasgow (however
adjacent areas may be included where particulaoriypities are identified)
+ The study will cover all sectors of energy demandbmestic, industrial, services,
and transport
+ The study will cover options for provision of loar®on energy to Glasgow;
+ The study will cover options for the development afhigh-speed fibre optic

network linked to the roll-out of district heating.

1.2 Project Outline

Analysing the way energy is used and distributediiferent types of buildings is a vital

process in the move to a more sustainable futtire.vital for a sustainable future that this
consideration is studied in depth from an inney gierspective. Glasgow as a city has
tremendous potential for this type of analysis baohg the biggest city in Scotland should
give the local council the drive to reach its simsthle potential and become a market

leader in advancing other projects around Scotiamtithe UK.
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The report detailed in thgroject backgroundllustrates this drive and provides the scope
for this project, and the broad range of subjelatd tvere available to research. The main
body of research within this thesis is the histofyDHC in the UK and the study of
implementing a district heating and/or cooling natkvinto a new development on the
outskirts of Glasgow City Centre. The area of D@ irelatively unpopular and untried on
a large scale within Glasgow. Some small-scaleeptsj are known of including the
Hutchesontown development in Glasgow’s east endevtoair high rise flat developments
introduced a single DHC scheme successfully. Ciiggger schemes are known around the

UK and will be discussed as part of the literanedew.

The aim of this thesis is to directly research possibility of a new DHC scheme in
Glasgow and look at the technology used in previase study schemes, reducing future
risk and providing Glasgow City Council with thegugred information to implement such
a scheme. A new DHC scheme will always differ frothher new and previous schemes, as
technology changes and the customers to which sawme will benefit will change. The
following brief list details the main aspects afiew district energy scheme:

+ Building Types

Demand Profiles

4

+ Heating and Cooling
+ Supply Options

+ Distribution Network
+ Economic Analysis
+ Carbon Savings

+ User Behaviour

This project will involve researching these topgcl investigate the important factors that
contribute to a successful scheme; resulting inetao$ guidelines developed for the
preliminary investigation into the large scale ismpkentation of DHC in Glasgow.

Following on from the set of guidelines and recomdsions from the investigation, a
theoretical demand profile will be generated andchied against different supply options

using a university developed modelling package,itMer

Page 12 of 95



Graham Ross

Department of Sustainable Engineering: University of “z(ff
Energy Systems and the Environment Strathclyde
Engineering

1.3 Main Objectives and Methodology

The main project objectives are:
+ To research the main components of a district hgand cooling system.
+ To investigate other case studies in ScotlandUtteand abroad.
+ To research various supply options.
+ To understand the history of DHC, and specificalythe UK.
+ To develop a demand profile based on building tygrebavailable resources.
+ To analyse particular demand profiles using theensity programme, Merit.
+ To develop a set of guidelines and recommendabassd on the research and
analytical findings.

+ To suggest new areas of research.

1.4 Dissertation Outline

In addition to the List of Contents, the dissedmtoutline will give a brief summary of
each section within this thesis. Sect®r District Heating and Coolingresents a broad
overview of the research carried out and will pnegbe main body of research and details
the many areas that contribute to a successful BEl@me. As well as the descriptive
section there will be sub-sections on case stutlegscan act as a guide for future projects.
Section3 - Case Study Developmaenitl introduce the subject of sustainability in Gtpow,
what initiatives the council has been involved and also what targets they have set in
relation to UK targets. Following on from this topwill be an introduction to the case
study and how it was developetl.- Environmental and Economic Studill discuss the
other important factors that contribute, alongdige technical assessment, to a successful
DHC scheme.5 - System Description and Modellingutlines the main body of
investigation within the project and introduces tiehnical programming and analysis that
was developed using the university owned applioatiderit. 6 - Results and
recommendationwill discuss the analytical results and make recemaations that should
benefit any future research in the provision of DHC Glasgow. In Section/ —
Conclusions,a summary of the project findings will concludestlthesis and finally, in

section8 details ofReferencesan be found.
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2 District Heating and Cooling

This section describes the basic elements of adisieating and cooling system. District
heating and cooling is commonly a network mixedhwdifferent technologies and
components associated to several industries. This lead to complications when
integrating these technologies together, but can @sult in a low carbon energy network
that provides a more environmentally friendly altdive to fossil fuel generation. Below
in Figure 1 a simple DHC model is shown. The cénteat source is supplied to public,

domestic and commercial sector buildings.

ad oodad
PUBLIC COMMERCIAL
i é e

\.
o
L,
Ty
.1

FA)
e

[ ]

Figure 1: Simple District Heating and Cooling MoHé|

District energy systems connect many thermal usefew energy sources via a piping
network using environmentally optimum fuel sourcesuding:
+ Combined Heat and Power (CHP).

Industrial waste heat.

4

4

Energy from waste.

Biomass.

4

Geothermal.

4

DHC systems are one of the most significant wagsd, r@ot normally recognised for this,
to:
+ Maximise the efficiency of the thermal electricityeneration process by
providing a means to use the waste heat.
+ Share heating and cooling loads.
+ Achieve fuel flexibility; opportunities for CHP artd develop renewable energy

in a cost-effective way.
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This section of the report will cover the followiageas of DHC:

+ Literature Review

+ A brief history of District Heating and Cooling

+ Comparing DHC in the UK with other European Colgdri

+ DHC system Pre-requisites

+ Energy production alternatives

+ Emission considerations

+ De-centralised energy production

+ System component at the users’ location

+ Combined Heat and Power

+ Geothermal

+ Waste management and recovery

+ Solar energy

+ Biomass Energy

+ Wind, wave and tidal energy

2.1 Literature Review

With the scope of the project detailed Iir2 Project Backgroundbeing quite large, the
project began with a list of areas of interest thas felt could be of benefit to any ongoing
research. After researching the topic of DHC tHev¥ang list was generated:
+ DHC system optimisation:
» Improving the economics for production, distributiand customers.
» End-user (DH companies and utilities) friendly ogsation tools.
+ District cooling:
» Improving the efficiency and economics of distaobling.
» Specific innovative cooling techniques.
+ Economy of distribution technologies:
» Reduced costs and payback of DHC systems includimglensity areas.
» Improving the quality /lifetime of pipes includingints.
» Improved techniques and technologies for distrdoutimaintenance

issues.
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4

Small scale DHC/CHP Systems:
» Decreasing investment costs through improved tdolggoand modular

systems integration of renewable energy.

4

Thermal storage:
» Large and small scale thermal storage.

Institutional issues:

4

» Position of DHC in the current energy market; wimatitutional factors

can assist implementation of DHC system.

4

Environmental aspects:
» Impact of DHC and CHP on reducing pressure on mb@gttransmission
and distribution systems.
~ DHC/CHP in emerging green-house gases emissiomtyad¢hemes.

Trends in the built environment:

4

» The impact of low-energy buildings on the futureDdiC: new-build and
retrofit.

The remainder of section 2’s topics can be viewsedraextension of the literature review.

2.2 Brief History of District Heating and Cooling

District heating traces its roots to the hot wéieated baths and greenhouses of the ancient
Roman Empire. District systems gained status inog@irduring the middle-ages and
Renaissance, with one system in France in contswaperation since the T4century.
Across the Atlantic, the U.S. Navel Academy in Apoless began steam district heating
service in 1853.

Although these and numerous other systems haveatepeover the centuries, the first
commercially successful district heating system ‘@asiched in Lockport, New York, in
1877 by American hydraulic engineer Birdsill H&lly considered the founder of modern
district heating.

In his day, Holly was widely known as an inventadantrepreneur. He held 150 patents

in his lifetime, second number only to his friendomas Edison. Most of Holly's creations
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involved water, pumps and power. They included firee hydrant and the first district
system of fire fighting, the water-pressure gaube, water tap, the expansion joint and

more relevant, commercial central steam heating.

With the 1877 installation of the Lockport distribieating system, the Holly Steam
Combination Co. was born. Over the next five yetrg,company implemented nearly 50
systems including one that still serves downtowm2e today. In 1882, the business was
acquired by American District Steam Co., whose stwes had earlier purchased the rights
for the Holly system in New York. They went on tellshundreds more district heating

systems throughout the world over the next 80 years

The future of many of these systems were in dogbhanany early cases, power utilities
completely lost interest in the district heatingsteyns and did not provide sufficient
funding for maintenance of the systems. The resa# that, after some years, the systems
started to lose customers; the reliability for heapply went down and finally the whole
system closed down. For example, in Minnesota en1t®50s there were about 40 district
heating systems; today only a few remain. In thary2000 the percentage of houses
supplied by heat from district heating in some Bp@an countries was as follows:

Per centage of DH (%)

Netherlands

Table 1: Percentage of houses supplied by DHCl@ttel European countriés
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Penetration of DHC into the heat market is veryfeddnt by country. Penetration is
influenced by different factors, including enviroental conditions, availability of heat

sources and economic and legal framework.

In Iceland the prevailing positive influence on D#ithe availability of easily captured
geothermal heat. In most East European countriesrggnplanning includes the
development of cogeneration and district heatinggdlive influence in the Netherlands
and UK can be attributed partially to milder clima@nd also stiff competition from natural

oil and gas supply, discussed further in the nectign.

2.3 Comparing DHC in UK with other European Countries

In the UK, the development of DHC and CHP histdycavas much slower compared with
other European countries. The First CHP plant bexgparation in Manchester in 19¥4,
supplying steam to nearby office blocks and publiddings. The first district scheme to
heat domestic buildings is reported to have beenpteted also in Manchester in 1919,
though it failed as a result of pipeline corrosiétre-war, apart from some small-scale
limited schemes for public buildings and industBii was virtually unheard of for
domestic space heating and water. After the war &ld CHP temporarily appeared
attractive in the light of the feared coal shortagé committee was set up in 1946 under
the Building Research Board and it recommended@#® stations should be considered
in the planning of future generating capacity, iartigular in connection with the

reconstruction of cites and the formation of newding estates.

Even with this recommendation, only one scheme sedsup in the immediate post-war
period, the Pimlico district heating scheme. Exhdneat from the giant Battersea power
station which had started operating in 1933 wagplseghto a new housing estate across the
River Thames from 1951 onwards. An early problens ¥eaind that the electricity supply
industry was prepared to sell waste heat at povesit poundaries, but was not prepared to
invest in the construction and management of hgatlg systems.

There was no significant further development in the until the late 1960’s and early

1970’s. A number of smaller district schemes west L to supply heat to large new
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housing estates, none of which however, involvedPCRAt this stage customer experience
with these limited district schemes was rather wodiaable, in contrast to consumer

reaction on the continent which has been overwheyipositive.

In 1973 the energy crisis prompted the Centraldydieview Staff to consider DH in order
to save energy. A government committee was thenpséd look into the case for DH. An
initial report in 1977 suggested that there wasmoediate economic case for DH but that
rising fuel costs might soon alter this picture.eTfinal report, published in 1979,
considered DH a worthwhile option only in the longerm but argued that the option
should be opened up in view of the long lead timegolved. Following this
recommendation, a lengthy process was set in matosisting of further reports and
feasibility studies. In 1985 the government bacieddea of setting up ‘lead cities’ where
a district scheme would be set up to demonstraddhsibility of the technology in the
UK. Although money was made available to invesdgaach case, for over a decade no

single project had past the stage of feasibiliglits.

At present, there is a marked difference in theettgwyment of DHC in Europe compared to
the UK. There are many factors over the yearsdbatribe this difference. The high level
of public subsidies available to DHC developer&urope compared with the UK, where
subsidies are less clear. Subsidies in Europe t@vieibuted to the advancement of DHC

development.

In Germany the main backers of DHC are public tytikompanies in predominantly
community ownershif. In the UK local authorities have not in genemhsidered energy
supply as part of their responsibility, althoughrencecently a few authorities have become
more interested in certain aspects of energy cwasen policy including DHC. The

electricity supply companies in the UK, on the wéhdlave shown little interest in DH.

In Germany the main motivation to pursue DHC frohre tbeginning was purely
economical. Local energy utilities perceived ddtrschemes not only as a sound
economical investment, but also as an importardtegfic measure to preserve their
independence. Technical progress in power stagohniblogy and transmission lines had
made the centralised production of electricity aguility, and by the 1920’s large utility
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companies’ looked at seeking full control over tdire electricity market. This caused
local utilities, with their small inefficient smalpower stations to be threatened. In
developing CHP and DH local utilities could impra¥eir chances of survival. In the UK,

an equivalent conflict between local and centrdlisempanies raged in the 1920’s and
1930’s but local authorities did not take up CHPDMC technology. The main reason
appeared to be the strong preference for opendadiadewith an animosity against central

heating systems. With blocks of flats in the majities preferring coal fires throughout the

1930’s, any district system would have been veffycdit to market.

While the construction boom of the 1960’s and 19%9eated an ideal opportunity for the
introduction of DHC on a large scale, the heatingykat was instead successfully seized
by the two major nationalised energy industries petimg with each other: electricity and
gas. Neither the electricity nor the gas industrghe UK saw CHP/DHC as part of their
expansion strategy. Both regarded it as a potentaipetitor in the domestic heating
market. Furthermore, the electricity’'s main aim pybducing electricity as cheaply as
possible required the construction of bigger powkants, which for environmental and
technical reasons were predominantly sited reltifeer away from demand centres. This
effectively ruled out developing combined electsicigeneration and district heating
schemes. In European countries that had takeneuplthtechnology, neither the electricity
nor the gas sector had the unitary organisation tttea UK had. Instead there is a very
complex system of organisations comprising in s@reas a two-tier structure with one
group of large companies responsible for bulk sy@wd another group of community
companies primarily responsible for distributionhNg electricity and gas industries are, in
the main, separate entities at national level, anynof the bigger towns one community

utility is responsible for the supply of electrigigas and heat.

It is often the framework of available fuels, theséing pattern of the existing heating
market and the dominant interests of the enerditiesi that influences the outcome of

government policy regarding DHC in both countries:
+ Firstly the domestic sector in Europe relied farenthan the UK one on the use

of oil as fuel. There was therefore a strong caseadducing the number of oil-

fired heating systems and therefore save oil byrttreduction of DHC
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+ Secondly, the emerging environmental concern inl®#)’s could draw on DHC
as a measure of reducing emissions from coal- d+oteal single home heating.
The successful earlier removal of open coal firethe UK and the dominance of
less heating measures including gas, electricity, smokeless coal made this
argument less pressing in the UK.

+ Thirdly, the substantial North Sea oil and gas weses at the UK’s disposal
made the reduction of energy consumption, in génaral oil consumption in
particular, far less urgent. Rich energy suppliesnflocal resources also made
the economical case for DHC more difficult.

+ Fourthly, the existence of only a few, relativelpal, DH networks made the
introduction of DH in the UK economically more ddflt. Across Europe DH
systems could grow incrementally and most potenbid schemes could
probably be implemented by extensions of alreadlstiexy systems.

+ Fifthly, the UK had no organisations willing to pnote any potential DHC
effort. For individual energy industries, DHC wapa@tential competitor. Across
Europe the municipally owned utilities and othey bompanies involved in the
CHP/DH business are organisations with long stanpdi®perience eager to

expand their activities in this area.

To conclude, the UK preference for open coal faed rejection of central heating were
early barriers. The establishment of a widespreddark of gas supplies has since been a
major obstacle to the further expansion of DH & UK. It is only now with the threat of
oil and gas resources in the UK dwindling, thatiadlere is a focus on the need for new
energy resources and a re-think of other technetodt would appear that more and more
local councils are in favour of this type of teclogy, and together with the governments’

recent investment, DHC is now a considered option.

2.4 DHC System Pre-requisites

Certain conditions must exist in order for a DHGsteyn to be viable compared to
conventional systems. Heating and cooling load ileagheating/cooling requirement per
unit area), should be relatively high. The natufea dHC system dictates this criterion

since it becomes un-economical to distribute endoggparsely populated areas where
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distributing piping costs and thermal losses becooraparatively high. A relatively high
total heating/cooling load is preferred since inya operating efficiencies can be
achieved at larger facilities, and since economfescale favour larger installations.

Energy user candidates that will fill the aboveuiegments are:
+ Apartment complexes
+ Hospitals
+ Universities
+ Groups of office buildings
+ Hotels
+ Factories

+ Large recreation and entertainment facilities

Many major cities around the world meet much ofirtheeating requirements through
district heating. DHC systems that service areaghef city beyond the high density
building zones typically work when adjacent housibgnsities are fairly high and/or
several sources of thermal energy are availablanipkes of relatively inexpensive sources
of thermal energy are:
+ Waste heat recovery from energy-from-waste faeditand from large power
generation plants.

+ Gas turbine combined cycle co-generation plants.

Without either of these locally available resoureeBHC system would probably not be
considered as the best option.

2.4.1 Generation

DHC Systems are usually connected to a diversepgafucustomers with varying load
requirements, and must typically accommodate divels large total heating/cooling load
with potentially wide variations from season to s®a As individual customers often
experience their peak loads at different timeshefday, the central production plants daily
characteristic load curve tends to be smoothed with the peak demand reduced,
compared to the sum to the sum of all the indiichemk loads. Therefore, the installed
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total capacity of a DHC system can be less thdatdhaonventional decentralised systems;

a distinct advantage or a district system.

Depending on the total system peak and the avel@ap: requirements and the load
variations from day to day and season to seasoig; plants of varying complexity can be
developed. A relatively simple DHC system might igpe a single energy production
facility, comprising of an oil or gas filled boiléheating) and electrically driven centrifugal
chillers (cooling). Multiple units may also be s®bd to more efficiently meet base,
intermediate and peak loads, as well as providtagdby capacity and increased system

reliability.

More complicated DHC systems might operate sevbiff@rent energy production facilities
such as:
+ Energy from waste normally from municipal, commalcdr industrial waste
incineration.
+ Waste heat from manufacturing plant processes.
+ Absorption chillers.
+ Heat pumps.

+ Coal fired boilers.

Other sources of heat for a DH system could include
+ Geothermal.
+ Cement kilns.
+ Biomass.

+ Solar collectors.

In the case of these more complicated thermal gnprgduction systems, the energy
sources selected and the manner in which theysa@ to depend on:

+ Local fuel prices.

4

Avalilability of such alternatives.

4

Proximity of the load to such sources.

Environmental sensitivities.

4
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2.4.2 Distribution Network

In district systems, the thermal energy medium, tivreit is hot water, steam or cold
water, is delivered to customers via a system @pBupipelines. Having exhausted its
energy transfer potential to the user, the medigmthen normally returned to the
production plant via a return pipeline system. &bt or chilled water is pumped to the
users and back to the generation plants througldigigbution piping network, steam is
delivered to the users under its own pressurengtbaving given up the usable portion of
heat at the user’s location, is typically pumpeakbéo the thermal energy source as
condensate. In some cases when steam is suppli@dlant to meet process needs, the
user’'s process may dictate that the steam may dohaliged directly into the process, in
which case condensate is not returned to the ptimshusource. In other instances, where
pipeline installation and maintenance costs aressige, condensate is not returned to the
production facility for re-use, but is wasted. Ither case, additional energy and chemicals
are required to replace the heat energy that isrben the condensate is not returned. Four
types of distribution piping are generally in usday:

+ Single pipe system: this system is only used femssupply applications with no
condensate return. While it features low pipeliosts, this type of system results
in comparatively low energy production efficienaydatherefore higher costs and
emissions.

+ Two pipe system: this system used where watereansis distributed to users in
the supply pipe and returned to the thermal en@mguction source via the
return pipe. Two pipe systems provide capability fi@nsferring heating OR
cooling at one time.

+ Three pipe system: this system’s capability is kinto that of a two pipe system,
but the additional supply pipe is provided for, asedicated to, meeting the
domestic hot water (DHW) requirements. The thrgee mystem has therefore
been developed in recognition that DHW is requideding both heating and
cooling seasons.

+ Four pipe system: although the most expensive systieis approach provides
the greatest flexibility since two pipes are detfidato cold water (supply and
return). This system is necessary for applicatibrene both heating and cooling
are provided from the central source and are requduring either the heating or

cooling season.
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There are no direct environmental benefits assediaith DHC distribution systems when
compared to a conventional or non-district systBme to the extensive burying of pipe
that is required with a district system (a mostbyrexistent requirement of a conventional
system), there are disadvantages. These disadeaniaglude; during excavation for
burying or pipe repair and maintenance when leaksldp in the distribution piping,
potential for localised traffic congestion, and gexh inconvenience to pedestrians and
motorists. These factors in most instances arenaighed by the potential benefits of a

district heating and cooling system.

Heating and cooling pipes are used to link buildiriggether to form a district energy
network to distribute the thermal energy from aeahalised energy generation station.
Traditionally the pipe work used in these netwoirksburied in the ground and pre-
insulated. The costs associated with this are hig if possible the networks should be

laid within buildings i.e. underground car parks.

Heating networks typically fall into two categorjésw temperature (a flow temperature of
around 86C) and high temperature (a flow temperature of betw106C to 126C) 1,
although there are temperatures in between theseash network must be designed to be
compatible with the connected buildings and tak® iaccount the local landscape. If
possible, the use of a lower temperature networke@®@mmended as this significantly
reduces heat losses, increasing the energy thdiecased for low temperature sustainable
energy sources, and lower cost piping systems eadesigned. For lower temperature
systems which operate with flow temperatures thatb@low 95C it is possible to utilise
plastic pre-insulated pipe work which is manufaetlim rolls of up to 100 metres. Above
this size, or where the use of plastic pipe ispassible then typically 12 metre lengths of
pre-insulated steel pipe work are used with bondsdlation which contain alarm wires to
detect moisture. For cooling networks the pipeawst described above also apply, but to
reduce costs new and innovative materials areablail It is important to consider that as
cooling networks traditionally operate with a muolwer temperature difference between
flow and return, pipe sizes are much larger thavsehfor the same heat load, which
typically operates with a temperature differencemaire than five times that of a cooling

network. This issue has a considerable impact dmark costs and spatial planning.
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2.4.3 Heat Demand
The amount of heat which is required by each coeswan vary greatly according to:
+ Prevailing standard of thermal insulation
+ Life style and personal habits of particular constsn
+ Local climate conditions
+ System of temperature control
+ Whether heat supply is metered or not
+ Holiday Pattern

Given adequately insulated dwellings, the maximusathdemand shown in Table 2 is
likely to arise. Each person in a housing estatevdroff about 40 litres of hot water per
day at an average temperature of&G@122F). It is therefore necessary to budget for a
annual hot water supply per individual consumefl4®6n? at an average temperature of
50°C(122F) or pro rata. This base load should vary slhightly over the year.

Typeof Consumer | Maximum Heat Demand | Average Annual Heat Demand
(W/m?of buildingvolume)]  (MJ/m® of building volume)

Small House 80 430
60 325
Offices 60 325

Table 2: Example of heat demands for differentding types®

University buildings and hospitals are heavy constgnof heat. Their maximum demand is

likely to be of the following order:
Type of Consumer Maximum Heat Demand
(W/m?of floor area)

Art Department (with workshop) 260
Hospitals 400

Table 3: Table of consumers with large heat dembhds

These figures are widely available in the form ehegral cases and energy benchmarks for

the purposes of analysis. To achieve highly aceuraat demand profiles, all of the factors
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listed on the previous page must be taken into wadcorhe addition of multiple heat

demand profiles to one model, or scheme, will adetee its feasibility.

2.4.4 Storage Options

Thermal Energy Storage (TES) offers the potentiar fconomic and indirect
environmental benefits. TES was developed in respom the nature of typical cooling and
heating load demands experienced by district enprgguction systems. Most systems,
regardless of scale, are characterised by a pduaddg the day when the demand is quite
low and other peak periods when demand rises cewraity. The energy demand required
to meet the sum of the simultaneous peaks reqaudégional installed thermal energy
production capacity with the resulting increasesapital and operating costs and may
stress the local utility’s resources, discouraggrgansion of existing DHC systems. As the
daily peak demand is short-term and the thermatggneroduction equipment that is
provided to meet such demands is used infrequeuntilty rates are often considerably
higher for peak loads to provide incentives to tisers to reduce their short term peak

loads.

The principle behind TES is to produce surplus tjtiaa and store thermal energy during
periods of low demand and subsequently utilisestbeed energy to meet peak demands.
The thermal energy storage may simply be hot od eater and ice. With the demand
curve reduced, the hourly production varies lesd,this means that the energy production
equipment can be reduced in size and still be dapabbmeeting the lower maximum

capacity, and can operate closer to a peak efigipnint throughout the day.

DHC systems are well suited to incorporating TES.géneral, compared to individual

building systems, DHC systems have more flexibii@yeduce installed capacity by using
TES, without losing system reliability, and are mmoeapable of covering the higher capital
costs and distributing the recovery of such coser donger periods. In addition, since
district systems normally cater to a diverse grafpusers with varying peak load

requirements, the DHC system’s characteristic loage tends to be smoothed out, with
the result that the total TES capacity requiremargsproportionally lower than if TES was

considered at individual building level.
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On the district cooling side, thermal storage swsteuse ice formations and storage
technology can be used to reduce refrigerationagpand meet short term peak demands.
As with the heat storage system, with the ice sylsetly melted and cooling capacity

released when demands peak.

2.5 Energy Production Alternatives

A very promising thermal source being used more raode is combined heat and power
(CHP), or cogeneration. Energy from a cogenergplant is normally extracted in one or
two ways; heat is produced and used in a procedle wkhaust heat from the process is
used to drive a turbine and produce electrical poweconversely electric power is first
produced and exhaust heat from this productiohas tecovered for other uses. Although
system efficiencies depend on the overall energgymtion capacity and the type, capacity
efficiency of the individual cogeneration comporgntypical cogeneration energy
conversion efficiencies can be as high as 85 — 90%s. compares favourable with typical
electric power generation facility efficiencies &0-35%. The efficiency of the
cogeneration plant is only high if all of the wabktsat associated with the electrical power
production facility is utilised. This can be theseavith DHC facilities utilising heat from
cogeneration plants for heating purposes and/onvalfssorption cooling systems are used
for cooling purposes. Absorption systems use st@ahot water to pressurise and vaporise
the refrigerant and the refrigerant, after condgasaand expansion, chills the cooling

system re-circulating water.

DHC systems do not need to restrict themselvegéb finom central heating plants. District
systems, because of their centralised and arteatare, are well suited to becoming energy
dealers, collecting thermal energy from whateveurses have waste heat or unused

capacity that is available, and distributing therthal energy to wherever is needed.

An example of a district heating and cooling systewting in an energy dealer capacity
and enabling waste heat, is through the extracifomeat from waste water using a heat
pump system. Possible applications include commuaitd industrial waste treatment
plants. With such applications, during heating @&si heat would be extracted from the

waste water using heat pumps. The heat pump cemertiow temperature heat extracted
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to a temperature that can be used in heating apioins. During cooling periods, these
same heat pumps, operating in reverse, extractftoeatthe space and/or equipment being
cooled and transfer the heat collected into thetevaster. Another suggestion for district
cooling applications is the utilisation of, as @rhal energy source, cold lake or river
water. Depending on the capacity of the source @epth at which the cold water is
extracted, the temperature of the water remaing @dlative constant cold temperature.
Such a system, requiring pumping through the tigtion and heat exchanger systems, use
as little as 5% of the electricity used by eledtiticdriven chillers. This project is known as
the Deep Lake Water Cooling (DLWC) project.

2.6 Emission Considerations

A wide variety of fuels are used to at DHC plamtsluding varies grades of oil and coal,
natural gas, refuse and other bio-fuels such aslalops, peat and straw. The combustion
of these fuels may produce environmentally hazadmoeducts of combustion thus flue
gas cleaning devices and other emission reductieasares are often incorporated. Such
measures are usually required under strict legisiabefore approval to operate a facility
is granted. Examples of pollution control equipmesed at DHC plants includé:

+ Acid gas scrubbers — these systems usually useateghltime to react with the
moisture, Sulphur Dioxide (SO), and other acid gasdhe flue gases discharged
from the combustion system. With such systems]ithe-acid gas-water vapour
reaction products are efficiently collected by #lestatic precipitators as
particulate matter. Bag filters are also used imynapplications to capture the
particulate matter as well as the acid gas scrgptaaction products.

+ Conventional oil / gas boilers utilising low Nitreg Oxide (NO), burners to
reduce emissions are very common

+ Flue gas recirculation to reduce NO has also pre¥isttive.

+ Other emission control or reduction techniques tte be introduced with
district energy systems include the optimisation caimbustion efficiency
reducing Carbon Dioxide (Cpand hydrocarbon emissions through the use of
modern computerised combustion control systems,tlaadutilisation of higher

quality, lower emission producing fuels.
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2.7 De-centralised Energy Production

With the exception of some larger boiler plantsstramnventional facilities are usually too
small to permit staged energy production (through wse of multiple units or different

energy resources). For systems having multipleeba@hd/or refrigeration units, staged
energy production can be used to meet base, intkateeand peak loads, allowing the
energy production equipment to operate at near maxi efficiency. Such capability is

typical to DHC systems. Conventional systems thaise a single piece of equipment
(must be rated for peak loads) operate most ofithe at partial loads. Depending on the

class of equipment used, this may result in draowatiuctions in operating efficiency.

Conventional systems are faced with high cost®lifupon control equipment is required,
due to a lack of suitable low cost pollution cohtexhnologies being available for smaller
applications. This creates disincentives to incoaf® such equipment. In the case of
households and small commercial business, it ispbetely impractical to incorporate
pollution control equipment that could achieve ther emission levels experienced by
DHC systems. The potential environmental benefitPHC systems are attributable in
part to the above differences between districtesgstand conventional systems, but will be

discussed in more detail in a later section.

2.8 System Component at the User’s Location

With DHC systems, the integration of the generadod end use thermal energy transfer
functions can utilise indirect and/or direct coreelcdistribution systems:

Direct systemslo not have isolated subsystems. Instead, hohilea water, or steam
from the production source is distributed diredtlyough the customer’s radiators or air
handling equipmentindirect systemsancorporate heat exchangers at both the energy
production location and at the user’s locationréfme the generation, distribution, and
energy utilisation subsystems are effectively isalafrom each other. Another indirect
system option uses heat exchangers at the enduoblgerthereby isolating the generation
and distribution systems from the user subsystems drrangement is common for steam

generation and distribution systems.
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Although direct systems were at one time the moesaent of the two systems, indirect
systems are now becoming the preferred approacs.idHue primarily to several inherent
advantages associated with indirect systems inaofudi
+ Greater production against surge induced radisdoragje at the customers’ end,
due to a surge in protection provided for the dhation system and by the
pressure isolating heat exchangers.
+ Lower make-up water treatment costs due to muchpesbability for extensive
leakage in indirect systems.
+ Greater flexibility, as indirect systems can accardate to a much higher degree
users of various sizes and having varying pressgerements.
+ Ease of control since two of the basic operatingtgsare essentially independent
in an indirect system.
+ Ownership of generation and distribution systems t& separated when

necessary or desirable.

2.8.1 Changing User behaviour

As mentioned in thébstractfor this thesis, an environmentally sustainabliirl is as
much about user behaviour as it is about new aedngr technology. This small sub-
section is aimed at identifying the importance stmubehaviour, and can relate to the
system component at the users location. A systanctn relay feedback based on usage
levels, make recommendations on energy saving rdsthod technologies, and possibly
offer some kind of incentive will always providetopum results. Usually the optimum
level costs much more but should be consideredngaband recommended for new

potential installations.

2.9 Combined Heat and Power (CHP)

For most small-scale CHP applications three factimsiinate economic viability. These
are:

+ The capital cost of the installation

+ The potential number of operating hours per year

+ The relative costs of ‘bought in’ electricity andsgy(or fuel oil)
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If any of these variables are not favourable, thgmarticular CHP scheme may become
non-viable. Given that fuel can be unstable, tisé p@int is of particular importance. If for
example, the unit cost of mains electricity shofdtl or the cost of gas rise, there will
come a point when a particular CHP unit ceasesetedonomically viable. Other lesser
factors which may influence the economic perforneaoica CHP scheme are:

+ The heat to power ratio of the particular CHP plant

+ The difference in maintenance costs between a GHEnse and a conventional

scheme
+ The cost of having mains electricity as a backygiesn in case of breakdown or

maintenance

Given these costs, it is important to undertakellaetonomical appraisal of any proposed
CHP scheme. Two areas that form the basis of apsaggal areCHP Turbine Systenmend
CHP Sizingand information is given on each of these in thd hgo sections.

2.9.1 CHP Turbine Systems
The choice of CHP turbine for any district schemd#l wary due to several factors
including size, local availability, and use. Bel@a selection of turbines that are typically

used in different application, showing their chéeastics, advantages and disadvantages.

Back pressure turbines have the following featfites

+ Capacity— up to 100MW

+ Characteristics— Designed mainly for supply of heat with eledtyicas by
product

+ Advantages- Cheap and can use unconventional fuels sucbkfaser, excellent
overall thermal efficiency

+ Disadvantages- Fixed heat/electricity output ratio; Poor elaity yield in
operation; Expensive for small units.

+ Main issues- To cover base load of heat for large systemsfuligh connection

with refuse incinerators
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Back pressure turbines with condensing tail haee€fdhowing feature$":

-

-

Capacity— up to 200MW

Characteristics— Designed mainly for supply of heat with electyicas a by-
product, but able to vary output ratio of heat/eleity

Advantages- Excellent thermal efficiency for obtaining helbtit able to obtain
electricity at reasonable efficiency when heat lsaldw

Disadvantages- A very high basic heat demand is always needethis turbine
to efficiently. At very low heat demand electricipyoduction is uneconomical.
This turbine is more expensive than a basic baekgure turbine.

Main issues- To cover base load of heat for large systemgevfiectuations in
demand are expected. It is unwise to dimension suitdines to cover an excess

of 50% of the expected peak demand.

Condensing turbines with district heating extrattrf OC) have the following featuré&$;

-

-

Capacity— up to 700MW

Characteristics— Designed mainly for power production but perntétise-off of
steam at around 1 to 1.5 bars pressure for disteiating purposes

Advantages- steam adjustment can adjusted instantaneouslyebe and the
maximum of about 20% of turbine output. Existinghdensing turbines can be
modified at moderate cost. Efficiency of electygiroduction is very high.
Disadvantages- Limitation of quantity of heat which can be absted without
adversely affecting running of turbine

Main issues- Most common of all the district heating turbifieslarge schemes.
Able to act as a control valve to balance heatutu#pd heat requirements. Used
for nuclear district heating schemes and othergevhedatively long supply lines

are used.

Gas turbines have the following featutés

b

b

Capacity— up to 100MW (open cycle) and 130MW (combined @yad steam)
Characteristics— Designed for putting into operation at very shootice to
supply peak electricity. Combined with heat excleagnd small back pressure
turbine to step up electricity supply and to obtamste heat for district heating

purposes
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+ Advantages- Suitable for a very small group heating undenig&k and for small

power take-off. High electric and overall thermtiiogencies

Disadvantages— Expensive in capital investment and maintenacicarges.
Open-cycle gas turbines require high grade fuellendiosed cycle turbines are
even more expensive than open-cycled turbinesicDiffto vary heat/electricity
ratio

Main issues- Supplying heat and electricity to very smallesdles. Useful as a
peak station for the supply of both heat and algttr

Diesel engines with waste heat extraction havéddhewing featured:

b

-

2.9.2

Capacity— up to 20MW

Characteristics- Diesel engines extract heat from (a) exhauytcdbling jacket,
and (c) oil coolers to supply either steam or hatew.

Advantages— Making the best use of prime fuel when eledligs being
generated in small quantities by diesel enginesdpjication of CHP principle
Disadvantages- Use very expensive fuel. Capital outlay quitehpited for
larger installation. Poor overall thermal efficignddeat/electricity output ratio
invariable

Main issues- Supply of heat and electricity to small heasehgemes. Often used

in conjunction with supply of chilled water for regferation purposes.

CHP Sizing

To size any CHP plant, the technical and economezglirements of a particular site must

be taken into consideration. Through the establestinof a detailed database concerning

heat and electrical demand profiles, a methodofogyhe size of CHP can be developed

based on the following considerations:

Base load- A CHP unit is designed to provide base loadtetat, or thermal output, with

any shortfall being supplemented by electricitynirdhe grid or hot water/steam from

boilers. Figure 2 on the next pagkistrates an example of this; the dark blue area

representing the base load thermal energy, andltleeand light blue areas representing

the extra capacity the plant would need using b®ite meet peak demand. Due to the
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relative prices of fuel and electricity, electritese load sizing is more common. The most
cost effective solution may be to size above baad,las indicated by the red line on the
graph, even though this might involve some waste removal.

Intergrating a CHF unit with a boiler plant

s Boiler 2

bW R
2 @ B

Months

Figure 2: CHP Sizing Example

Load lopping— The types of CHP units in the market today himeeability to modulate,
which means they are able to constantly change theput in order to meet changing
demand. When load lopping, the CHP unit is operatedmatch the output of
heat/electricity with the demand for heat/electyiduring periods of maximum demand.
When the electrical demand causes the output todukulated it is important to take into
account the occurrence of heat removal from théesysnto the atmosphere via heat

exchangers.

Electricity Export— The CHP is operated to provide excess electribéy can be exported

to the grid or other users with the recovered beatg used on site or partly dumped.

Variations— It may be that in some circumstances, variatguth as plant sizing for heat
load at the average heat load during times of palektricity tariff rate is the most

beneficial option.

Multiple and Single Units- A series of units can operate in cascade to theeenergy

demand at any one time. This involves one unit mgdhe base load meeting the base
load and smaller units generating as and when medjuiFigure 3 on the next page
illustrates how this can be achieved. Single CHisware usually the preferred option due
to the lower maintenance and installation costd, lagher electrical generation efficiency
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when operating at full power. In some situatiors tise of multiple units is advantageous

as there is a higher guarantee of emergency suppbr and electricity maximum demand

cost saving during maintenance work.

Typical load duration curve

Henrs per year (000's)

Figure 3: Example of Multiple CHP unit

To summarise the CHP unit specification is dependarthe following:

b

-

-

Maximum electrical output required

Thermal heat to electrical power ratio

Fuel type used and cost

Grade of heat required

Utilisation and availability

Maintenance requirements, operational and capotstsc

Environmental considerations (e.g. exhaust emissiabration and noise)

2.9.3 Case Study — Glasgow Hutchesontown Development, UK

Hutchesontown is a small scale development of @280 homes built in the 1960s and

located a mile south east of Glasgow city cefftfe Around half of the residents live in

four 23 storey tower blocks, together containin@ SHe and two bedroom flats; the

remainder in four storey deck-access flats. Thatess owned and managed by Scotland’s

national housing agency, Scottish Homes.

Like many multi-storey housing developments buiilthee time, the Hutchesontown homes

suffered from poor thermal performance, made wdngeopen balconies, very exposed

position and expensive-to-run off-peak electricafie heating systems. The resulting cold

and damp conditions led to widespread condensaimmhmould related problems in the
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homes and considerable discomfort for residententaally, the area was designated an
Estate-based Strategy Area and Scottish Homes beegangramme of investing in the

regeneration of the estate.

Adding District Heating- An earlier feasibility study had demonstrateat tistrict heating
would reduce energy use and give tenants moreaidhtan electric heating. Therefore, a
new gas-fired district heating system formed thetrepiece of the refurbishment. A new
boiler was built with capacity to serve all the Bmg in Hutchesontown. Initially, just two
boilers were installed to serve the first block.ddrground heating mains were installed to
carry hot water from the boiler house to the bake¢he block. The steel pipes were
insulated with foam and incorporated a further g@cove layer and an automatic leak
detection system. Another, small plant room wasatek at the base of the block to house a
heat exchanger, where heat is transferred from pitwmary water circuit to water
circulating within the block. Hot water is then pped to supply the new wet radiator

heating systems installed in each flat.

Individual heating systems are controlled by a aapdrated payment device which also
incorporates a programming facility for heating addmestic hot water. Room and
cylinder thermostats were also installed, as inveational central heating systems. Each
dwelling has a meter that records the amount of &ed hot water being used and which
forms the basis of the payment system. The paymeit$ are installed in all flats and

allow residents to pay for their heating as andmweguired.

In addition to the new district heating system, émdire block was over clad with a new
weatherproof skin incorporating extra insulationindéws were replaced with double
glazing and open balconies enclosed to form coasates. Tennant involvement was a
major feature of the whole operation, from the iahitsurvey through to design and
installation work. Scottish Homes is now evaluatthg option of installing one or more
CHP units in the central boiler house as futuresphaof the work progress. A financial

summary of the project is shown bel&W:

Cost: The total cost of the heating system refurbishnaembunted to £3,200 per dwelling.
Total Cost- £3.2M
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Savings:Average bills for the new community system arénestied to be £3.50 per week
(E182 a year), a dramatic reduction from chargagoab £700 a year by some residents for
partial electric heating. Homes with the new sységmalso much more comfortable.
Payback:The average payback can be calculated by divitiegnvestment per dwelling
by the annual saving per dwelling which equatea fmyback of 17.82 years. The actual
payback will generally be lower due to other colanid government grants that are not

shown.

2.9.4 Case Study — Southampton District Energy Scheme, UK

Southampton City Council has shown its commitmentstistainable development by
employing an innovative approach where DHC it igyvenuch part of the city's
infrastructure. This includes large-scale schenmeb sanaller, stand-alone schemes. They
view DHC linked to CHP or other environmentallyeindly sources as the best way to
provide heating, and where relevant, cooling.

The Southampton District Energy Scheme was estadlisn 198622 and began life as a

government backed geothermal project. After thgeptavas abandoned, the council took
it upon themselves to source a utility company thattnered them in developing this
resource. From initially serving one customer ie thid-80's the district energy scheme
has grown to more than 40 commercial and publicosecustomers and hundreds of
households by 2003. It now produces over 70GWhnefgy a year, providing low cost

heating, hot water to private and social housingiels, offices, council administration

buildings, a hospital, retail developments andisule complex. At present Southampton’s
District Energy Scheme has employed some of theeskewechnology and a host of
ground-breaking features. The most important dgpreknt has been the addition of the
combined heat and power (CHP) generators to théngeoal network.

2.10 Geothermal Energy

Geothermal energy is generally heat from the Eamthis clean and sustainable. Resources

of geothermal energy range from the shallow graenbt water, and hot rock found a few
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miles beneath the Earth’s surface, and even ddepbe extremely high temperatures of

molten rock, called magma.

Almost everywhere, the upper 10 feet of the Earthidace maintains a nearly constant
temperature 1 and 16C. Heat pumps can tap into this resource to hedt ol
buildings. A geothermal heat pump system consists o

+ A heat pump

+ An air deliver system

4

A heat exchanger

+ A system of pipes

In the winter the heat pump removes heat from #et lexchanger and pumps it into an
indoor air delivery system. In the summer, thiscess is reversed, and the heat pump
removes from the indoor air into the heat exchanflee heat removed from the indoor air

during the summer can also be used to provideeasivarce of hot water.

2.10.1 Case Study — Reykjavik, Iceland

District heating in Reykjavik began in 1930; whefBkan pipe was built from a hot spring
area in the city to a school house, the nationspital and 60 house dwellin§é. By 1970

nearly all the houses in Reykjavik were receivitng Water for heating. Today Orkuveita
Reykjavikur serves roughly 150,000 people or 99@%opulation of Reykjavik and five
neighbouring communities. This accounts for 58 @etrmf the population. 95% of the
entire population is now powered by district hegitemd cooling due to the availability of

the naturally occurring geothermal hot springs.

Due to the high content of gases and mineralseahitjh temperature area, water and steam
are used to heat fresh water. The total capacitheflistrict heating is about 780 MW and
the cost of the geothermal energy is low comparih kwurning of a fossil fuel due to the
hot springs being more commonly found in Icelandd ghe technology has been
established for many years. In Iceland DHC hasaeduhe emission of greenhouse gases
dramatically, decades before the international camty began contemplating such

actions. In Iceland, geothermal energy has ecoraindaod environmental advantages
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which alternative energy sources can not competh. Wigure 4 demonstrates a well

establish district heating network.
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2.11 Waste Management and Heat Recovery

In many applications there is potential for recawgheat energy that would otherwise go
to waste. This chapter describes the various leeatvery technologies and examines the
theoretical principles behind each. Before investmsuch a technology it is important to

first consider some general issues:

+ |s there a suitable waste heat sourde® important to establish that the source
is capable of supplying a sufficient quantity ohheand that the heat is of good
enough quality to promote good heat transfer.

+ |s there a market or use for the recovered wastk is important to have a
use for any waste which might be recovered. In nmapplications there may be
no demand for the heat that is available, withrémult that a large quantity of
heat energy is dumped. In other situations therg Ioeaa long time lag between
waste heat production and the demand for heat. a\reesdt therefore cannot be
utilised unless some form of thermal storage igtet

+ Will the insertion of a heat recovery device adwalave primary energy or
reduce energy costs®ften the insertion of a heat exchanger incredkes

resistance of the fluid streams, resulting in a darpump energy consumption
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rising. Heat energy is therefore replaced by dldtrenergy, which may be
produced at an efficiency of less than 35%.

+ Will any investment in heat technology be econorhie&t recovery devices can
be expensive to install. It is, therefore, essértiat the economical payback

period be determined prior to any investment umdtert.

If a decision is made to invest in some form ofthheaovery device, then the next logical
step is to select the most appropriate system.eThex a wide variety of heat recovery

technologies, which can be divided into the follogvbroad categories:

+ Recuperative heat exchangerathere the two fluids involved in the heat
exchange, are separated at all times by a solrtebar

+ Run-around coilswhere an independent circulating fluid is usettaasport heat
between the hot and cold streams

+ Regenerative heat exchangerghere hot and cold fluids alternatively across a
matrix of material.

+ Heat pumpswhere a vapour compression cycle is used to earmfat between

the hot and cold streams

2.11.1 Case Study — Vienna, Austria

The district heating network in Vienna supplies usn@d 240,000 dwellings and 5000
industrial customer®! with district heating energy used for space andeweating
purposes. Waste incineration, surplus industriat b@d cogeneration accounts for 97% of

the total heat output.

Incineration of Wastes- the network is connected to four separate ilasi@ahs: three
community waste facilities and one hazardous wéestdity. Around 60% of the waste
output from the population of Vienna is treatednicineration installations. This represents
just less than 500,000 tonnes a year that is us@doduce energy. The heat output from
waste incineration accounts for 22% of total disthieat production.
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Industrial Heat Recovery Another form of renewable supply of energy is tree wf
industrial surplus heat. In Europe there is a hpggential for this to be used but despite
that it is still very much unused. In Vienna, thsewf the surplus heat from the Fernwarme
Wien refinery is used in a district heating networke refinery produces a number of
products from crude oil. The number of by-produeith significant energy content made
it possible to build a district heating pipe to ttedinery to make use of this otherwise

wasted energy.

In Vienna, the base load for district heating iswBed using waste and guarantees an
efficient and sustainable supply of energy. Durthg colder time of the year, CHP
installations are running and only in peak demame4g, heat only boilers are used. 97% of
heat is based on heat from waste incineration atl.dhe savings compared to in-house
boilers were estimated to be around 68%. A recémilysby the Austrian Federal
Environmental agency found that the £€missions from the Fernwéarme Wien refinery
per MWh used energy are about 132 kgCthis figure compares to 256 ¢@er MWh
from an average gas boiler. This illustrates thghhenvironmental benefits of district

heating.

In the future Fernwarme Wien plans to commissidnoanass plant within a year, as well
as a new incineration plant, and also considergzgawering of an existing CHP plant.
The future of sustainable energy production in Yieenlooks very promising and
demonstrates the potential savings that can be rfrade waste management and heat

recovery as part of a DHC network

2.12 Solar Energy

Solar energy technologies use the sun’s energyigimdo provide heat, light, hot water,

electricity, and even cooling, for homes, busingsaad industry.

There are a variety of technologies that have bleseloped to take advantage of solar
energy and use within a district energy scheme:
+ Photovoltaic (PV) Systems

+ Solar Hot Water
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+ Solar Electricity

+ Passive Solar Heating and Lighting

+ Solar Process Space Heating and Cooling

2.12.1Case Study — Crailsheim, Germany

From the total energy production in Germany, 7%ioates from renewable sources and
under that heading, solar energy is steadily grgwiith an output of 270 MW\ The
solar project in Crailsheim is one of four grouretiking projects in Germany and is an
example of using solar energy on a large scalthignproject, the city of Crailsheim works
with many specialist institutions; thermodynamicsl ahermal technology, solar, and gas

to ensure the project is a success and providaeehbeark for future developments.

The first step in this project involved installipdpotovoltaic devices on existing buildings
over an area of 1040 Kindistributing heat across 10km into a newly bailea. In the
second step of the project, the collector fieldsenastalled on walls of building for noise
reduction, covering an area of 70001 was established that this project would ccb@%o

of the heat demand from the new development.

2.13 Biomass Energy

Biomass is produced from organic materials, eitlectly from plants or indirectly from
industrial, commercial, domestic or agriculturabghucts. It is also known as ‘bio-energy’

of ‘bio-fuels’ and it does not include fossil fuel.

Biomass falls into two main categories:
+ Woody biomass includes forest products, untreateadwroducts, and
energy crops.
+ Non-woody biomass includes animal waste, indusama biodegradable
municipal products from food processing and higérgy crops. Examples

include rape, sugar and maize.

Page 43 of 95



Graham Ross )

Department of Sustainable Engineering: Universityof N

Energy Systems and the Environment Strathclyde

Engineering
Biomass energy is cost effective and sustainabknvehlocal fuel resource is used, which
results in local investment and employment, and algimises transport miles to the users

location.

2.13.1 Case Study — Maribo-Sakskgbing, Denmark

In Denmark, straw is available from every agrictdtwzone. Around 11.9PJ of straw was
used in 2003, amounting to 1.4% of gross energyswoption®. Straw is used as a
supplementary fuel (co-firing) in large scale CHRnps and as the sole fuel in smaller
CHP plants or boiler stations. Waste heat fromGkh# plants and the heat produced in the
boiler stations are used in district heating.

A small CHP plant based on straw is the Maribo-8akég CHP plant. The plant was
commissioned in 1999 and the electricity producqdaés the consumption of around
10,000 households, whereas the heat produced c808&6sof district heating supplied in
Maribo-Sakskgbing. The 40,000 tonnes of straw usethe plant are delivered by local
farmers and the ashes from the combusted strathe@mereturned to the farmers, to be used

as fertiliser.

Straw is a very efficient energy source with 89%haf energy used. Out of this 29% goes
to electricity production and 60% goes to heatsary efficient use of the fuel provides
clear environmental and efficiency benefits. Theissions of CQ, SO, and NQ are
considerably reduced through the combined prodaabio electricity and heat. A further
advantage is that straw emits less sulphur andgatr than fossil fuels like coal and oil. A
final advantage is that straw is g@eutral since the carbon dioxide emitted is etu#he
carbon dioxide it consumed while growing. The hpetduced is sold to two district
heating utilities in the twin towns of Maribo andkskgbing, around 140km south of

Copenhagen.

District heating offers many environmental benetittghe Danish society. Around 60% of
all households are connected to district heatindsg75% of the heat is waste heat from
CHP, a further 12% comes from waste incineratién, i biomass burned in boilers and

3% is industrial heat waste. The remaining 4% isnipanatural gas, and also oil, used in
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peak load and spare capacity boilers. The averagaah cost for heating a house with
district heating is one-third lower than heatinghwoil, and one-fifth lower than heating

with natural gas.

2.14 Nuclear energy

Nuclear energy is very much a viable energy sodoceuse within a district heating
system. At first glance there is an immediate fieacagainst this type of technology, but
nuclear energy would work similarly to any type@#fP plant producing both electricity

and heat.

Sooner or later (possibly sooner) the world’s resesi of fossil fuels (oil, coal, and natural
gas) will come to an end. Preparation for the edice costs of such fuel resources which
will eventually become intolerably expensive. Didtheating methods should also adapt to
the usage of alternative energy sources. Unlikeonsjhemes of harnessing solar energy,
nuclear power has already proved itself to be aleianethod of providing energy, with
production costs lower than those which apply &silofuel. Its recent record shows that it
is safer, cleaner and more desirable from the enmental point of view than power and

heat production by fossil fuels.

Nuclear power is therefore ideally suited for thgp@y of heat and power by means of
ITOC turbines but the following properties of atempower plants require special
consideration:
+ They are usually very large, delivering an enormansl constant supply of
steam.
+ For reasons of safety nuclear power stations aratéd at maximum distance
from urban centres.
+ The fuel costs are quite negligible, but the capitests of building a nuclear

plant are huge.
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2.14.1 Case Study - Holland

Plans for a nuclear combined heat and power plartdlland ™ were only recently
presented to the industry, the energy sector amgtibss. The partners collaborating in the
Inherently Safe Nuclear COGENeration project are Netherlands Energy Research
Foundation (based in Petten), Stork NUCON (Amst@daKEMA (Arnhem), the
interfaculty Reactor institute (Delft), and ROMAWR®/oorschoten). These organisations
have started a design study to develop a safe Hiwibet nuclear combined heat and
power plant incorporating two technologies whichvéhademonstrated their practical
effectiveness, the High-Temperature Reactor anthiat pvhich produces both electricity

and heat.

2.15 Wind, Wave and Tidal Energy

Recently in the UK there has been a push for rehlm@chnologies, and some see it as
the solution to future energy problems. The adwgmtaf wind and wave energy above
conventional fuel energy generation is that the@will never run out. The technology is

still in its early ages but there is potential fioto contribute to a significant percentage of
the UK’s energy demands. Unfortunately at currentls of production, these renewable
technologies could never completely replace coneeat fuel energy production. Wind

turbines are the most advanced technology, chebperalternative renewable technology,
but wind can be very unpredictable, and can notajuae a continuous and steady flow of
energy generation. Wave and tidal have the potewntigenerate energy on a similar scale
to wind energy but the technology is still at amleatage, and costs are very high. As
energy demands in the world increase it would beossible, at this stage for renewable

energy to replace fossil fuels, and in some casesf the extra demand.
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3 Case Study Development

This section is aimed at introducing the case stadg reviewing the potential that
Glasgow as a city has to introduce sustainablentdolyy on a large scale. The case study
is split into two parts; one confirmed developmearid one hypothetical situation where
any district scheme developed would incorporaté bot take into account the time period
between each development. The following areashailtovered in this section:

+ Glasgow City Centre

+ Government and Glasgow City Council Initiatives

+ Case Study Development

3.1 Glasgow City Centre

Glasgow is Scotland’s largest city and the foudtgést in Great Britain. It lies on both

banks of the River Clyde in the western part okauily populated central belt. Glasgow
forms the heart of Scotland’s major commercial snatiistrial area, called Clydeside. This
area, extending along the River Clyde from Glas¢gmabout Greenock, is the centre of its
shipbuilding industry including ship-repairing andhrine engineering facilities. Varieties
of other industries are located in and near Glasgmhuding; rail, chemicals, electronic

equipment, whiskey, processed foods, and texidégsgow and other port facilities along
the River Clyde make up Scotland’s chief port, of¢he busiest in the UK. The city is

served by a network of railways, highways and asrimational airport.

Glasgow’s most historic building is Glasgow Catledmalso known as Saint Mungo
Cathedral, dating from the #2entury. The University of Glasgow, founded in 19% the
city’s oldest and largest institution of higher n@iag. Other institutions include the
University of Strathclyde and the Royal Scottishademy of Music and Drama. Other
major central buildings include; Kelvingrove Art &ay, Mitchell Library, and the Royal

Theatre.
Table 4 on the following page illustrates a breatdof the building and facility types in

Glasgow City Centre. This table demonstrates thiential for sustainable development in

Glasgow, and specifically DHC due to the high cahtd varied building types.
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Number of Dwelling 291,47.
- Owner occupied Houses 49%
- GHA House 25%
- Other Social Rented Housing 15%
- Private Rented Houses 11%
Mainline Rail Terminals 2
Bus Stations 1
International Airport 1
Underground Stations 1
Education:
Secondary Schools 29
Primary Schools 171
Universities 3
Further Education Colleges 11
Nursery Schools 91
- Retar |
Main district Shopping Centres 2
Areas of Retail Commercial Development 5
Local Shopping Parades 170
Total Office Floor space 2,314,219 sg m
- City Centre 1,445,844 sq m 63%
- Out-with City Centre 868,375 sq m 37%
General Hospitals 10
Community Health & Care Schemes 5
Local Parks 74
District Parks 12
City Parks 5
Indoor Sports Arena 1
Indoor Sports Centres 7
Swimming Pools 5
Council Owned Pitches 295
Community Libraries 34
Local Nature Reserves 6
Local Sites of Importance for Conservation 39
Sites of Special Landscape Importance 214
Sites of Special Scientific Interest 5
Vacant and Derelict Land Sites 851

Table 4: Building and Resource Review of Glasgoty Cientre?”
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The potential is shown in each division of the ¢éalilxamining just th©ffice and Business
section, the city centre has almost 1.5 millionasqumetres off office space, where the
majority will be powered by conventional means.th® Residentialsection, there are
around 300,000 homes in the city centre. The piailegiven the right location for DHC
could provide massive environmental benefits. Tégt section will look at the effect of

government influence and the initiatives the couimas already invested in.

3.2 Government and Glasgow City Council Initiatives

Government targets will always influence the decisimade at a local council level, and
often when big goals are set by the governmentetisean even greater incentive to invest
time and money to reaching these goals. The gowarhimave four long-term goals for
energy policy in the UK'®":

+ To put the UK on the path to reducing carbon diexamissions by 60% by

2050

+ To maintain reliable energy supplies

+ To promote competitive markets in the UK and beyond

+ And to ensure that every home is adequately amid#bly heated.

The first goal relates directly to global warmingdahe pollutant gas emission ¢€at is

a bi-product of fossil fuel generation, and wasugttt about by the Kyoto Protocol. Global
Warming experts state that carbon dioxide is onthefmain greenhouse gases that have
caused the heating of the planet. As fossil fuahfd have been around for hundreds of
years the technology is cheap, available and th&rewhy most countries use this method
of energy generation. The Kyoto Protocol was adbpteKyoto, Japan, on the % 1of
December 1997 and entered into force on tHe dféFebruary 2005. It is an international
agreement linked to the United Nations Frameworkveation on Climate Change. The
major feature of the Kyoto Protocol is that it seteding targets for 37 industrialised
countries and the European Community for reduciregmghouse gas (GHG) emissions.
These targets amount to an average of 5% agai@ét |1&9el over the 5 year period 2008-
2012. Recognising that developed countries arecipaily responsible for the current high
level of GHG emission in the atmosphere as a regutbore than 150 years of industrial

activity, the Protocol places a heavier burden evetbped nations.
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University of

The other long-term goals have been brought abpthd UK’s increasing dependency on
importing fossil fuels and look at reducing enesgypply and demand. In the UK, over the
last ten years, the amount of oil imported fromeotltountries, mainly Russia, has
increased from <1% up to around 3#4This dependency raises other issues surrounding

security of supply and future availability.

It is these main reasons that the government haslaEment a green campaign to raise
awareness of these issues and put in place olgsdtmat will influence the way people live

their life and the future generations.

In Glasgow, a number of schemes have already bemninp place as part of its
‘Environmental Strategy and Action Plan’ which bega 2005. They have developed a set
of environmental indicators that will set targets the community and quantify the

changes that have been made. The types of indicateras follow&?:

+ Economic Indicatorgpbs, investment, free school meals
+ Social Indicatorsschool leaver destinations, homelessness, chil car

+ Environmental Indicatorstecycling, cycle routes, pollution, traffic growth

On the face of it, this project would be primarihywestigating environmental behaviour,
but the nature of the project, economic and sobwhaviour provide just as much
importance. The indicators, in general, cover atradly small number of issues, but the
report detailed inl.2 Project Backgroundhdicates the new levels of sustainability the

council would like achieve.

Other initiatives set up by the council that hawiract effect on environmental behaviour
are the Carbon Management Programme and the SalsiDevelopment Group. The
Carbon Management Programme was developed in pstitpevith the Carbon Trust, with
the target of reducing current @QGemissions by 20% by 2013. This equates to
approximately a cut of 8,000 tonnes of £fer year which will be achieved through a
range of energy efficiency, transport and recyclwngjects. The Sustainable Development

Group’s main role is to deliver advice, recommeiwtet and guidance for the
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mainstreaming of sustainable development into cibyodicy and project across the city.
Some of the recent individual projects in Glasgowareas such as energy and sustainable
construction, are listed beld{:

+ White Cart Water Flood Prevention Scheme

+ Glasgow Strategic Drainage Plan

+ Pre-12 Primary Schools Renewal Programme

+ Glasgow Bridge and Port Dundas Canal reconnection

3.3 Case Study

Last year Glasgow won the right to hold the Commealiin Games in 2014 and this gives
the city of Glasgow a unique opportunity to shovecas commitment to sustainability by

developing a plan for a large scale project théithe used by thousands of people from all
over the world.

The main aim of the case study is to develop anggnarofile for a specific case study set
in Dalmarnock on the outskirts of Glasgow city eentUsing this energy profile, a
hypothetical district heating with optional coolingpdel can be developed. The case study
is an important factor in the research, in thé & new development attempting to use only
sustainable buildings. As previously mentioned,ghergy model is split into two sections:

+ Care Home

+ Commonwealth Games Village

The care home for 138 rooms has been given planpemnission and will begin
construction early 2009. A map of the area (Figyres shown on the next page. The Care
Home has been highlighted in yellow. A second Gdoene, also shown in yellow has
been allocated on the map. This development hagatdieen confirmed but would be an
identical development to the first Care Home. Ad pathe energy model, both situations

will be analysed, determining the best possiblea@uie for the development.
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Figure 5: Commonwealth Games Village and Care Hbeelopment Maff®

The second development can be seen as the pugaedsinegion in figure 5. This purple
region covers the boundary for the Commonwealth €a¥fillage including space for the
600 sustainable homes to house the athletes arialsfffor the duration of the games.

Post-games it is expected the village will be tdrmeto a neighbourhood and further
housing units built.
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To understand the design of the Commonwealth Gafitlegie Figures 6 and 7 illustrate

the potential development from and 3-D and aefi@lvespectively:

S : \\

Figure 7: Aerial view of artists’ impression of Cormanwealth Games Villagé®
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4  Environmental and Economic Study

In the previous section, the main components of DdyStems were discussed. In this
section, the potential environmental benefits asmhemical implications of DHC systems

are identified considering all environmental imgact

4.1 Environmental Impacts Associated with Heating armablitg

Systems

With the exception of solar or electric heating @odling systems that utilise only power
produced by hydro or thermonuclear power generatamilities, the thermal energy
required for heating and cooling purposes is preduby systems that require the
combustion of fossil fuels. The production procesmates products of combustion which
are emitted to the atmosphere at elevated levalstaicks or towers. Emissions associated
with thermal energy production, include among mathers, oxides of sulphur, nitrogen,
and carbon. Such emissions contribute both locatig globally and result in negative
environmental impacts such as global warming, eaidl and poor air quality. In addition,
chilled or cooling water production systems usetelgally driven compressor chillers that
require refrigerants such as chlorofluorocarbonsG8). These chemicals are thought to
be the primary contributor to ozone layer depletionthe upper atmosphere. Recent
technological advances have removed certain CI50'#,is therefore important to research

the required refrigerant in each case to reducehamyful emissions.

With heating and/or cooling systems, some elegiower is required to operate fans,
pumps, cooling system compressors, and in somes,cagating coils. Such power is
typically generated by hydro, nuclear, fossil fieed power generating plants, or a
combination of all three. In the case of nucleawg@oplants, disposal of radioactive wastes
and releases of radioactive material into the ad avater systems during process
occurrences are a major source of concern. Evero¥eldctric power stations are being
identified as possible sources or pollution proldeand environmental impacts, that result
from the loss of agricultural, wildlife habitat,rést lands, flooding and impacts that results

from the build up of the concentration of mercunytihe environment upstream of hydro
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dams. Thermal power generation plants also diseharge quantities of waste heat to the

environment from the steam turbine condensing sysieea of the plant.

Taking into account all of these impacts, it isagnt that heating and cooling systems that
minimise the quantity of fuel and electrical powequired to meet the users needs will
result in reduce negative impacts on the environm&he combustion process and
refrigerant based thermal energy systems repretbentmost prevalent systems used
throughout the industrial world from household lewp to major power production plants.
While DHC plants are not immune to the productidrpollution causing emissions, the
nature of operation of these plants is such thgnifstant reductions in the pollutants
emitted can be established, compared with otheelwigsed alternatives.

4.2 Potential Environmental Benefits Associated withM&lystems

Potential environmental benefits are derived, pattle to the difference between district

and conventional systems and partly due to stamukedeatures of DHC systems.

4.2.1 Partial Load Efficiency

In general, DHC plants operate at higher efficieaainder partial thermal load conditions,
compared to conventional systems. Conventionaerystypically employ only one boiler
and one refrigeration unit. While such units mustrated for peak seasonal and hourly
loads, they actually operate most of the time athrlawer partial loads. Operation at these
lower loads can, depending on the class of equipomed, result in much lower operating
efficiencies. District systems on the other handh wultiple units can optimise over plant
efficiency by selectively operating fewer units @t near maximum efficiency during
partial load conditions. DHC systems that comprenrsgsveral different types of thermal
energy generation plants optimise plant and systéfiniency by utilising the thermal
energy sources with the highest energy converdiiciemcies for base and other partial
load conditions. The sources with the poorer casiver efficiencies can then be used to
meet peak loads. In the end, improved efficiencyamseuse of less fuel for the same
amount of energy produced which in turn resultthenconservation of fossil fuels, reduced

emissions, improved air quality, and reduced usefoigerant in cooling applications.
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4.2.2 DHC Integration with Power Generation

District systems are well suited to combine witlecélic power production facilities
forming a CHP or cogeneration plant. The mixturéhefse two energy production schemes
results in a substantial improvement in overallrgpeconversion efficiency since the
district heating schemes can effectively utilise ttherwise wasted heat associated with
the electric power production process. A distriggtem meeting much or all of its load
requirements with wasted heat from power generafamilities will have a positive
environmental impact as fuel consumption within teenmunity is reduced considerably.
Conservation of fossil fuels and a reduction of bastion related emissions are resultant

direct benefits of a DHC system.

4.2.3 Biomass Combustion

Biomass combustion is considered by many as a ma&ansro production of CO2 when
combined with reforestation. The underlying prineigs that by burning biomass, CO is
released but with reforestation the CO is absoiélde new growth provided rates of each

activity are balanced.

4.2.4 Limited Number of Emission Sources

The centralised nature of DHC energy productiomtglaesults in a reduced number of

emission sources in a community. This introducespibtential for several direct benefits:

+ Large facilities are much more likely to incorp@aophisticated state of the art
pollution controls technologies that individual loimgs, particularly;
households, commercial establishments, and smadlisinal complexes. TO
incorporate such equipment on a small scale bdsesto the general lack of low
cost effective pollution control equipment, is naithp impractical. In
comparison, therefore, large scale district systentgch in many cases have
included best available control technology, areabég of significantly reducing
the emissions to the environment on an equivaleatgy production basis.

+ The exhaust towers, characteristic of large enggpduction facilities, are

relatively high and therefore the exhaust gasesatteadischarged from the tower

Page 56 of 95



Graham Ross )

Department of Sustainable Engineering: University of Y °§: S
Energy Systems and the Environment Strathclyde
Engineering

are well mixed with large volumes of the ambierdg before the pollutants can
reach the surrounding population, structures ontdlée. The resultant improved
dispersion introduces the benefit of minimising l@wel pollutant concentrations
compared to the numerous lower towers of a nomiclistystem. While local air
guality can benefit significantly from DHC, the pmange pollutant transport is
subject of continuing debate. While high stacks are effective means of
discharging pollutants, they do permit the polltgato migrate long distances.
However, the problems associated with these disgdegsllutants are still related

more to the total quantity of pollutants that amatéed into the atmosphere.

4.2.5 Superior Operating and Maintenance

Large centralised plants, such as DHC facilitiggidally use better operating and
maintenance practices than small individual buddsystems. Large facilities have trained
staff, as well as sophisticated computerised madngo equipment available to

continuously monitor system operations ensurindoperance specifications are being met
on a long-term basis. When such specificationsnatemet, prompt maintenance can be
administered, or operating changes or upgrade®dnted, as necessary. Regularly

scheduled maintenance is a normal function ofifeslof this scale.

With large DHC systems, the incentives to maintaimigh level of operability, with little
downtime or drop in operating efficiency, are eaomally based and are often critical to
maintain the overall viability of a plant. Individubuilding systems can not always afford
complicated and continuous monitoring equipment, t@rupgrade existing obsolete
equipment, or employ permanent maintenance st rEsult is many such operations
deteriorate because of poor maintenance, with apgrafficiencies subsequently dropping
well below optimum levels. A larger, well maintaghehigh efficiency facility translates
directly to reduced fuel consumption which, in turesults in conservation of fossil fuels
and reduced emissions. Higher operating efficieatythe combustion process, where
parameters such as temperature, combustion aifughanput levels, residence time, etc.
are closely monitored, also impacts emission prtdadn that the concentration of certain
pollutants produced, particularly G@nd NQ, is reduced.
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4.2.6 Technical Upgrades

Centralised DHC facilities permit developing theftnemergy production and emission

reduction technologies to be adopted at the earfessible date. Such technology

improvements usually have significant positive emwimental benefits. Examples of such

developments include:

-

Retrofitting boilers with low N burners, where flue gas recirculation or
selective catalytic reduction techniques to reduCg levels.

Flue gas heat recovery scrubber systems to mini8@emissions, while at
the same time improving the thermal efficiency bk tsystem, further
reducing emissions.

Plume abatement techniques to reduce the vapounegliassociated with
cooling towers.

Implementation of CFC refrigerant substitutes widwer or no ozone

depletion potential in chillers.

With DHC systems, new technologies can be impleateat much reduced cost and much

more practically, even when compared to the samessson reduction effort being

achieved at an equivalent number of conventioralitias.

4.2.7 Higher Design Efficiencies

In many cases, the relatively high capacity equiptmesssociated with DHC facilities

inherently operated at higher efficiencies thart tfasimilar lower capacity units. This is

particularly true of large centrifugal refrigeratowhich have coefficients of performance

(COP’s) of more than 5.0. This compares with thaltmn units, such as those installed in
individual buildings, which have COP’s in the range3.0 to 4.0. The COP is the ratio of

the refrigerating effect or cooling capability dfet unit to the power input required to

achieve this capability. COP provides a means afparing the performance of various

refrigeration units.
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4.2.8 Other Environmental Benefits

There are many indirect environmental benefits éf(Mplants which may not have as

much impact as the benefits described previousiyaliworth stating:

+ The noise associated the operation of heating ammling equipment is
concentrated at a single source with a centralfaedity. Sophisticated noise
control measures to minimise noise impacts on thieosnding neighbourhood
can be applied more practically and cost effecyival a central facility than at
numerous individual buildings

+ With the concentration of fuel sources oil storaafe central facilities, the
potential risks associated with leakage are redwiece centralisation implies
elimination of multiple smaller oil storage contaia which will deteriorate with
time and lack of supervisory care. Storage contaiaecentral facilities are more
likely to be regularly inspected for leaks or deteation

+ For liquid and solid fuels associated with DHC sys$, the reductions in fuel use
identified previously will indirectly reduce veheckemissions associated with fuel
shipment as the requirement for delivery such fugllsalso be reduced.

+ Where local air quality is a significant problerhettype of fuel burned can be
upgraded in many DHC applications, with significentvironmental benefits. A
plant burning coal or even relatively clean burnifugl oil can reduce its
emissions simply by converting the operation taratgas firing. Without DHC
alternative fuel options are impractical in mosteounities.

+ Considering cooling systems in a DHC system, thevesion from CFC’s is
simplified and a practical option. The use of coglwater from local rivers or

lakes with cooling towers is a realistic alternatwith DHC systems.
The flexibility offered by DHC systems to pursueclsuenvironmentally beneficial

alternatives is virtually non-existent with decatised systems with their multitude of

small units and owners
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4.3 EU Directives Influencing DHC

Directives are used by the European Union as a adetb harmonise the national

legislation in its member countries.

‘Directives define the framework under which memistates must implement EU
decisions within national legislation. The EU corasidn prepares the directive and when
the Council of Ministers has approved a new divectthe member states have 2 years to
make the necessary changes in their national &misl This is known as transposition or
transposing the directive. The creation of therimdk market within the European Union
has resulted in a large number of directives andraber of these are relevant to the DHC
and CHP sector!®®

4.3.1 Current Directives
The Cogeneration (CHP) Directive 2004/8/E8 -
The purpose of this directive is to increase tlieiehcy and improve security of supply by
creating a framework for promotion and developmanhigh efficiency cogeneration of
heat and power on useful heat demand and primanggrsavings. The directive achieves
this through:
+ Establishment of harmonised efficiency criteria éogeneration to include year
of manufacture and fuel type
+ Guarantee of origin of electricity from high efecicy cogeneration. This enables
producers to demonstrate that electricity they sellproduced from high
cogeneration.
+ Requiring member states to establish potentialkifgir-efficiency cogeneration.
+ Ensuring support schemes for cogeneration are basedeful heat demand and
primary energy savings
+ Addressing grid access and tariff irregularitiesstimh efficiency cogeneration

Energy Performance of Buildings 2002/91/E% -

The purpose of the directive is to promote the mupment of the energy performance of
buildings within the EC taking into account outdatimatic and local conditions as indoor
climate requirements and cost-effectiveness. Trextive achieves this through:
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+ Ensuring member states adopt a methodology atianahtor regional level for
calculating the energy performance of buildingsE&Bin the UK)

+ Setting of energy performance requirements basdbdeoabove methodology.

+ Requiring that new buildings above 1000ive considered for the technical,
environmental and economic feasibility of usingaittive energy systems such
as CHP, DH and/or Cooling, or decentralised renésvabergy systems.

+ Requires that major refurbishment of existing hinifg above 1000Mmmeet
minimum energy requirements where technically, fiamal and economically
possible.

+ Requiring the production of an energy performarextifccate when a building is
sold, constructed or rented.

+ Requiring the inspection of boilers and Air-Conaliing systems on a regular

basis

Procurement of Utilities 2004/17/E€! -
Coordinating the procurement procedures of entibperating in the water, energy,

transport and postal services sector.

Procurement of Public Works, Supply and Servicegti@ots 2004/18/EE® -
Coordinating the procedures for the award of publiorks contracts, public supply

contracts and public service contracts.
Emissions from Large Combustion Plants 2001/808G
The setting of limits for emissions of certain pedints into the air from large (>50MW

thermal input) combustion plants.

Incineration of Waste 2000/76/E€! -
The setting of limits from waste incineration amdiocineration plants.
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4.3.2 Future Directives

Directive on Energy End Use Efficiency and EnergyBes® -
The European Commission has issued a proposal fdireative on Energy End Use
Efficiency and Energy Services. The directive aitoasenhance the cost effective and
efficient end use of energy by:
+ Providing targets, mechanisms, incentives and fveones to remove existing
market barriers and imperfections to allow thecgffit end use of energy.
+ Developing a market for energy services and thivelgl of energy efficiency

programmes and measures to end users.

Key points in the directive include:

+ The introduction of a mandatory target for the aramount of energy to be
saved in the public sector attributable to energyises, energy efficiency
programmes and other energy efficiency measures.

+ The removal of barriers to ensure that distribugord/or retailers selling
electricity, gas, district heating and/or heatig o

» Promote energy efficiency
» Refrain from measures that impede delivery of epsggvices
» Provide information on end-use customers to enatalper design of

energy efficiency programmes.

4.4 Sustainable Building Design

As new building regulations come in to effect andnahatory technical assessments are
needed before a new or old building is passedfidevelopment, it is important to carry
out a study into the impact of sustainable builddegign on DHC. Sustainable building
design would appear to have a negative effect o& @blthe energy demand must be high
for a scheme to be implemented, and by introdusustainable housing, the demand
would drop, forcing the network to expand, resgjtin increased costs. However, this is
not always the case. In order for a successful BEem to be implemented, sustainable
building factors are taking into account at verylealanning stages. The network of a
District Heating scheme, as discussed before,alithys require a mix of different energy
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demands from various building types. Sustainabiilimg design exists as the future of
sustainable living, and because of this, the teldgyoof a DHC network will always look
to advance according to market and housing trdnd&pril 2007 the Code for Sustainable
Homes replaced Ecohomes for the assessment of oesing in the UK. The code is an
environmental assessment method for new home anthinoe mandatory performance
levels in 7 key areas includiffg’:

+ Energy Efficiency and CO2 emissions

+ Water efficiency

+ Surface water management

+ Household waste management

+ Pollution

+ Use of materials

+ Ecology

The scoring system for the code has six levelshHagel is made up of appropriate
mandatory minimum standards together the apprepnamber of flexible standards. Code
assessments are carried out in two phases:
+ An initial assessment and interim certificationtla¢ design stage — based on
drawings, specifications and commitments
+ A Final assessment and certification after constvoc- based on a design stage
review and confirmation of compliance including esitecords and visual

inspection

The Building Research Establishment Environmentsdessment Method (BREEAM) is
the UK’s leading resource for sustainable buildiegign and assesses each of the 7 key

aread®®!:

Energy Issues- CG, emissions, low energy lights, metering, ‘A’ ratgdods, energy
management.

Health— Heating, lighting, air quality, noise.

Management— Best practise commissioning, policies implementad top level
management, effective used and maintained operatargials, operational environmental

management system.
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Transport— The location of development, parking and cycliagilities, access to public
transport and local amenities, implementation afet plans.

Water— Water efficient appliances, water metering, ldatection systems, water butts.
Materials and Waste- Materials with a low embodied energy, buildingsene part or all

of an existing building is re-used, responsiblyotesed materials, use of recycled
materials

Land use and ecology Brownfield or rededicating a contaminated siteplegical
enhancements, protecting or endangering ecolofgiaaires, building footprint.

Pollution — Refrigerants and insulation with a low global marg potential, space heating
with low NOx emissions, building in a low flood kigrea and attenuation of surface water

run off, good practice in terms of oil intercept@isation in car parks and other risk areas.

From the list above, it has been shown that deuwajppome to a certain standard goes
beyond the four walls of a house and takes into@aticmany other factors. It is important

to assess these factors in order to achieve ashagiglard of complete sustainability.

4.5 Building Energy Design Modelling Packages

The most widely adopted procedure for analysinggné building in the UK is using
Standard Assessment Procedure (SAP). SAP B8ids adopted by government as part of
the UK national methodology for calculation of theergy performance of buildings. It is
used to demonstrate compliance with building retipia for dwelling (Section &% for

Scotland) and to provide energy ratings for dwghin
New and future regulations will make it compulséoy modelling packages to carry out

energy assessments before a building is grant@gnpig permission. This will aid in the

development of new standards and more sustainabténgs.
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5 System Description and Modelling

This section of the project will describe the constion of four demand profiles for four
separate simulations. The constructed demand @sofire imported into a university
developed modelling package, Merit. A descriptidrivierit is given in the next section.
Following on will be a section on half-hourly dathe basis of constructing a profile.
Finally both model descriptions are examined andgplanation given about their form

and structure.

5.1 Merit Programming

Merit is a University of Strathclyde developed meangming tool, allowing the user to
analyse the potential of certain technologies agamrious demand profiles taking into
account local climates. Creating a demand profdquires the selection of location
parameters, manufactures’ specification of renesvabthnologies and weather data to
simulate power production. At this point the ingarameters can be altered so that the
required output demonstrates maximum efficiencytniNgly to do this the point at which
the capacity of the required energy storage systecomes minimum while the capacity

factor of the renewable system is at its maximum.

5.2 Half-hourly Energy Data

Electronic data electricity consumption measureergWhalf hour is available from energy
suppliers for most significant buildings/sites. hype of high accuracy data is also
available on a real-time basis from an automatitemeeading system source, allowing

real-time analysis with automatic exception repayti

A spreadsheet is an ideal tool for analysing halifty suppliers’ data and can be
programmed to produce weekly plots. By analysireg¢hspreadsheets on a week to week
basis; identifying changes, trends, differences amdilarities is possible. Immediate

analysis of half-hourly data should include:

Base loads- high base loads at night would indicate planhdpdeft on or a fault. Base

loads should be viewed as absolute values (kW)pmemortion of daytime consumption.
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Night/Weekend differencessignificant differences between weekday night$ weekend
day/night consumption could indicate plant beinfi Bn unnecessary during weekday
nights.

Peak operational hours excessive consumption during hours leading ufultadaytime
consumption and falling away from it e.g. 06:009:0D and 17:00 — 20:00.

Profile shape unusual changes from day-to-day and week-to-wael indicate poor
control. Changes with season and switching magmtpn should be apparent.

Spikes, peaks and troughaunusual step changes and spikes in consumptignindicate
erratic plant control.

Occupancy- above all, compare the profiles to actual occaparatterns of the building.

5.3 Model Description: Residential Care Home

The following information has been sourced on tlaeeGHome Development:
+ Each development consisting of 137 rooms
+ 4 individual dwellings per development
+* 4 dwellings; A1, A2, and B having 5 floors and Giwé floors
+ Buildings will be built to a sustainable homes sli@ (BREEAM or
equivalent)
+ Total floor area of approximately 8000 sq m

Using sustainable buildings standards, assumpticars be made regarding typical

electricity and heating loads. Energy standardsagsadable from the Chartered Institution
of Building Services Engineers (CIBSE), specifigaiection 20 of the CIBSE Guide F on
Energy Efficiency. For Care Homes, CIBSE propokesiollowing data is used:

Energy Type Typical Practise Good Practise
Annual Demand (kWh/m?) | Annual Demand (kWh/m?)

Table 5: CIBSE Care Home Energy Benchméiks
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For the purpose of analysing a new sustainabletwares, the good practise data in Table 5

will be used for the model.
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Figure 8: Care Home development plans

A development drawing of the Care home is showrvabo figure 8. The four proposed
buildings Al, A2, B, and C have been identifiedil@ings Al and A2 are identical, with B
of similar style but different internal dimensiorBuilding C is a much larger building

catering for larger rooms and facilities. The exdiotensions of each building are shown in

table 6:
Building Number of Rooms | Total Floor area (m2)
- 2r

Table 6: Care Home Building Statistics
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5.3.1 Scenario 1

The first scenario consists of the initial Care leothat has been granted permission for
construction. The static load profile has been bigexl on a excel spreadsheet based on

attributes previously stated in the model desaiptnd is shown below in figure 9:

i
= 816
- T
£ ggg Legend
E 7y Seenrio 1 (electical) =
.18
Q 3
00 . : . | : . . . | ; : |
(£l 1450 1% ua 3%50 a9 5140 540 £370 7300 3030 4780
Time {hrs)
Figure 9: Scenario 1 Electrical Demand Profile
Figure 9 and 10 are based on the ‘Good Practisglardemand and a static load profile
attributable to a care home in home Glasgow. Belovirigure 10 is the thermal load
profile for the Care Home.
:
E Legend
E Scenario_{_{themsl) [
=

] 1460 HH Pl 30 4380 o 3540 a3l 7300 B30 8760
Time {hrs)

Figure 10: Scenario 1 Thermal Demand Profile
After using the Merit to import the model, the @mlling simulations were carried out:

+ CHP sizing to electrical base load

+ Integrating renewable technologies and storage
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5.3.2 Scenario 2

The second scenario includes the second Case Hewsogment, identical to the Care

Home in Scenario 1. Below in Figure 11 is the eleal demand profile for the second
scenario.

Legend
Seenario 2. (electrical) -

T 1460 Pl 20 i 4380 i bl G570 T30 3030 760
Time (hrs)

Figure 11: Scenario 2 Thermal Electrical Profile

Figure 12 illustrates the thermal demand profiletfe second scenario and the following
simulations were completed on Merit:

+ CHP sizing to electrical base load

+ Multiple CHP simulation

+ Integrating renewable technologies and storage

Legend
Seenario 2 fthermal) -

T 1450 M 2020 30 4350 a0 0 6370 T30 030 4760
Time {hrs)

Figure 12: Scenario 2 Thermal Demand Profile
These simulations were aimed at determining ifs&ridi scheme would benefit this type of
building, and any subsequent developments. The sestion will describe the model

description of the Commonwealth Games Village amtu$s the development of the
model, and scenario 3 and 4.
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5.4 Model Description: Commonwealth Games Village

With the Commonwealth Games coming to Glasgow ift42ahe second development
consists of a Commonwealth Games Village that belyjin construction in autumn 2010.
Its main purpose is to house athletes and officiaisthe duration of the games. The
development will be used only for a few weeks agames village before being sold as
residential homes. This development is part ofrapete re-generation of the Dalmarnock
site. Post games the residential zone will be tegfitto become a fully integrated
neighbourhood. Temporary training facilities used the games will be removed and

further residential buildings eventually built.

Therefore, as well as the two Care Home scenatws, residential scenarios will be
analysed with the intention of using DHC for thetien development. The following
information is available for the Commonwealth Gaiésge development:
+ Must provide accommodation for 6,500 athletes afidtials within
300 residential units
+ Space for a 100 new homes after the games
+ Maximum of 2 athletes/officials per room
+ Buildings do not rise above 4 storeys
+ Housing types allowed
+ 4 storey 2-3 bedroom apartments
+ 2 storey 2-3 bedroom terrace houses
+ 2 storey 2-3 bedroom semi-detached houses
+ 3 storey 2-4 bedroom townhouses

+ 2 story 3-4 bedroom detached houses

This information will be used to generate a hypothenodel that will aid in the

investigation into using DHC on a large-scale imsglow. Again using standards provided

by CIBSE, table provides data on typical energyinseistainable residential buildings.

Energy Type Good Practise
Annual Demand (kWh/m?)
e

Table 7: CIBSE Residential Energy Benchmafks
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In order to set a demand profile using the dataypothetical situation was developed
using an excel spreadsheet. As required in thé, bhe Games Village must house around
6,500 people and consist of 300 units. A set oésypf building types were listed and with

these constraints the following configuration wasid:

Floor Area Number of Number | Total Number Total
Bl.:.')'/?)'gg (per dwelling)| Occupants of Athletes | Floor Area
(per dwelling) | Buildings | and Officials (m2)

4 storey
3 bedroom 24 122 2928 11468
Apartments

2 Storey
3 Bedroom
Semi-detached 100 12 18 216 1800
Houses

300

6528 31708

Table 8: Commonwealth Games Village Hypotheticah€uction

Again using the residential data from CIBSE benatisand the configuration in Table 8

two demand profile scenarios 3 and 4 will be carctéd:
+ Scenario 3: Two week period of Commonwealth Games

+ Scenario 4: Post Games Neighbourhood
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5.4.1 Scenario 3

Figure 13 below illustrated the structure of th&s®enario. This scenario only takes into
account the L model with only one care home, and the CommonWweaitmes Village. As
the Games village is only in operation as a Ganiltage the load profile has been
generated as a residential Zone. For the durafiéimeogames it could be assumed the load
profile would be of one similar to a local hotetadl profile. Scenario 1, the Care Home,
can be seen in figure 13 as the red load profilee §reen load illustrates the Games
Village profile, and finally the yellow profile uistrated the total demand consumption of

each day throughout the year in kW.

Eg Legend
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Figure 13: Scenario 3 Electrical Demand Profile

Figure 14 illustrates the thermal demand profiletfe 3 simulation. As discussed above
the individual thermal load profiles are made ugha red and blue sections on the graph

and the total demand thermal load profile is shawlorown.

%ﬁ L . Legend
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Figure 14: Scenario 4 Thermal Demand Profile
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5.4.2 Scenario 4

The final scenario takes into account a post gameeelopment including the following

attributes:

+ 100 residential units, accommodation for 2000

+ Same style of housing to the games village

+ Homes built to same standard

Taking this into account a similar configurationTable 8 was found with a hundred extra

homes being used. Figures 15 and 16 illustratehgpothetical electrical and thermal

demand profiles:

(o L | L
A (e

Time (hrs)

Time {hrs)

Figure 15: Scenario 4 Electrical Demand Profile
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Figure 16: Scenario 4 Thermal Demand Profile
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5.5 Model Description and Assumptions

As illustrated in each scenario section, the denmnoélle has been specified in each case,
and therefore it remains to simulate these scemagainst different supply options. The
nature of this project is to look at a district este with the development of CHP as the

main energy resource, and other smaller integraieelvable technologies.

The next section will discuss the boundary condgithat have been set for each model
and the matching section will explain the demand supply simulation.

5.5.1 Boundary Conditions
For the simulations in Merit, a Glasgow climateadasét has been selected. This data will
increase the accuracy of the result taking intamactlocal weather conditions. Figure 17

illustrates the climate data profile for Glasgow:
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Figure 17: Glasgow Climate Data Profile

The climate data file includes the period of siniola from 01/01/2003 till 31/12/2003.
The climate file for Glasgow is part of the Merétdbase.

5.5.2 Matching

This part of the simulation simply involves matdpithe demand profile with several
supply options. Matching allows different configtioas of supply technologies to be
simulated at the same time, providing the user With ability to try many combinations
resulting in a high percentage match. A major athgais the ability to simulate realistic

scenarios before the construction stage, and subs#ly saving energy and money.
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The best match outcome will receive following &itites
+ the highest correlation factor
+ the smallest inequality coefficient
+ the highest level of energy production

+ the highest efficiency

The results also indicate any surplus or deficgrgy, which allows the user to modify

other model characteristics that might improvertsailts.

5.6 Integrated Renewable Technologies

Due to programming restrictions, the only renewabthnologies available to analyse on
Merit were photovoltaic (PV) panels and wind tudsnThe most commonly integrated to
a district scheme are PV panels and discussecearlithe thesis. Climate conditions in
Glasgow are not the ideal circumstance for PV mamelthis case, but as the entire
development is new, it is worth investigation théegration of PV panels as part of the

simulations.

Wind is a better resource in Glasgow due to higtuoence of strong winds in the area,
but the problem wind energy is the lack of consisyewith energy generation. This does
not make it an ideal resource in a district schelme the commercial benefits of having a
wind turbine as part of the Commonwealth Gamesayél are high, and for this reason,

will include the addition of 1 of 2 wind turbines part of the simulations.

Tables 9 and 10 give technical details of the Winbines and PV Panels, respectively,

used in the simulations:

Proven 6kW

TurbineHub Height(m) | |

2.5

. PowerFactor | |

Reference Air Density (kg/m®)

Table 9: Wind Turbine Technical Data

Page 75 of 95



Graham Ross L
D

Department of Sustainable Engineering: Universityof <
Energy Systems and the Environment Strathclyde
Engineering

110 Mono: Siemens S

Cél Type
Panel Height (m)
Tilt (degrees)

110

Table 10: PV Panel Technical Data

The CHP units chosen for analysis in Merit consigtetwo differently sized and operated
machines; Capstone C60kW and Jenbacher 256kW.ollbeving information was

available on both machines, shown in Tables 111&nd

Capstone C60

Operation Mode
Rated Power (kW

Thermal Efficiency

Synchronous

Table 11: CHP Capstone C60 Technical Data

Jenbacher

Operation Mode

Synchronous

Rated Power (kW - 22-5%6

30

__ PowerFactor .

Thermal Efficiency

Table 12: CHP Jenbacher Technical Data

Both CHP units were selected after carefully examgithe electrical load profiles of each
simulation. The Jenbacher unit allows differenedapower outputs to be input into the
program, giving various levels of thermal genemtiesulting in the best possible solution

for each model.
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6 Results and Recommendations

The results displayed in the section will conclalde Merit analysis of the four scenarios,

and the recommendations will summarise the findiothe researched based aspect of
this report. It is the hope that this preliminatydy and results will benefit future research,

and a more in-depth analysis of DHC in Glasgow.

6.1 Results

The subsequent sub-sections will list the resutsefach simulation. Only a section of
results have been selected that best explain teeaction between supply and demand in
each model scenario.

6.1.1 Scenario 1

The first scenario, a Care Home development returttee following results after
simulating the model in Merit. Tables 13 and 14y the electrical and thermal demand

simulations, while figure 18 illustrates one scemgraphically:

Energy Energy Surplus
Delivered

Energy  Energy Deficit|

Average
Efficiency

Scenario 1A NULL Capstone 349.49MWh 339.53MWh 95.28%
C60kW
Scenario 1B 2 x Wind Capstone 349.49MWh 311.42MWh 96.26%
Turbine 6kW C60kW
Scenario 1C 2 x Wind Capstone 349.49MWh 283.76MWh 96.70%
Turbine 6kW + C60kW
|  300PV |

Electricity

Efficiency

CO2
S IESTS

339.53MWh 0.00kWh 9.75MWh 83.55% 23.19% 224.279/kWh
342.72MWh 0.00kWh 6.60MWh 84.86% 22.58% 209.76g/kWh
344.00MWh 155.82kWh 5.34MWh 84.38% 21.67% 195.51g/kWh

Table 13: Scenario 1 Electrical Simulation Results

Scenario Supply Total Demand Total Match Energy
Re-supply Deficit

Scenario 1C Capstone 2.31GWh 771.49MWh 48.37% 1.54GWh
C60kW

Table 14: Scenario 1 Thermal Simulation Results
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Figure 18: Scenario 1C Electrical Demand and Suppbjile Match

6.1.2 Scenario 2

The second scenario included a second identica Bame development and returned the
following results after simulating the model in Meishown in Tables 15 and 16. To
compare the addition of a second care home the safttiags for scenario 1 were kept

before simulating a bigger CHP unit and multiplagtsinFigure 19 illustrates the first

simulation, 2A:

Scenario 2A 2 X Wind Capstone 698.98MWh 446.83MWh 78.02%
Turbine 6kW + C60kW
300 PV
Scenario 2B NULL Capstone 698.98MWh 921.35MWh 82.16%
C60kW x 2
Scenario 2C 2 x Wind Capstone 698.98MWh 893.65MWh 81.66%
Turbine 6kW + C60kW x 2
300 PV

Energy Energy Surplug Energy Deficit Average Electricity CO2

Delivered Efficiency Efficiency Emissions

507.23MWh 0.00kWh 190.84MWh 78.80% 24.74% 143.48g/kWh
679.06MWh 238.86MWh 17.65MWh 145.59% 58.96% 157.31g/kWh
685.01MWh 266.24kWh 12.23MWh 141.31% 62.80% 159.05g/kWh

Table 15: Scenario 1 Electrical Simulation Results

Scenario Supply Total Demand Total Match Energy
Re-supply Deficit
Scenario 2C Capstone 4.62GWh 1.93GWh 55.24% 2.69GWh
C60kW x 2

Table 16: Scenario 1 Thermal Simulation Results
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Figure 19: Scenario 2A Electrical Demand and Suppbfile Match

6.1.3 Scenario 3

Adding the Commonwealth Games village in the tlsognario returned the following

results shown below in tables 17 and 18. Figursifivn on the next page is an example

of using CHP together with PV and Wind technologyaalistrict scheme:

Scenario 3A
Scenario 3B
Scenario 3C

875.26MWh
974.75MWh
976.69MWh

0.00kWh
0.01kWh
3.47kWh

2 x Wind Turbine
6kW + 600 PV

NULL

2 x Wind Turbine
6kW + 600 PV

Energy Energy Surplus| Energy Deficit
Delivered

138.64MWh
6.55MWh
4.68MWh

Capstone

C60kW x 2
Jenbacher

212kW
Capstone

CB60kW x 2

981.61MWh
981.61MWh

981.61MWh

Average
Efficiency

150.42%
33.32%
33.57%

929.99MWh
974.86MWh

887.26MWh

Electricity
Efficiency

54.59%
58.96%
62.80%

107.81g/kWh
541.11g/kWh
504.13g/kWh

85.19%
98.20%

98.51%

CO2
Emissions

Table 17: Scenario 3 Electrical Simulation Results

Scenario Supply Total Demand Total Match Energy
Re-supply Deficit

Scenano 3A [ Capstone | [ 326GWh | 1.97GWh 69.45% 2.69GWh
C60kW x 2
Scenario 3C Jenbacher 3.26GWh 2.13GWh 75.24% 2.69GWh
212kW

Table 18: Scenario 3 Thermal Simulation Results
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Figure 20: Scenario 3A Electrical Demand and Suppbfile Match

6.1.4 Scenario 4

Scenario 4 is the final completed scheme includong care home, the commonwealth
games village as a regular neighbourhood, and agamses housing development. Tables
19 and 20 show the results from each simulation faude 21 illustrates the demand

profile against one CHP unit sized to the base.load

Scenario 4A 2 x Wind Jenbacher 1.19GWh 1.17GWh 97.77%
Turbine 6kW + 212kW +
600 PV Capstone
C60kW x 1
Scenario 4B 2 x Wind Jenbacher 1.19GWh 1.07MWh 95.66%
Turbine 6kW + 212kW
600 PV
Scenario 4C 2 x Wind Jenbacher 1.19GWh 1.07GWh 90.04%
Turbine 6kW + 160kW +
600 PV Capstone
C60kW x 1
Energy Energy Surplug Energy Deficit Average Electricity CO2
Delivered Efficiency Efficiency Emissions
1.17GWh 0.00kWh 17.66MWh 30.58% 8.16% 338.30g/kWh
1.16GWh 0.01kWh 28.99MWh 32.58% 10.04% 476.63g/kWh
1.07GWh 0.01kWh 120.60MWh 50.07% 20.67% 308.98g/kWh

Table 19: Scenario 4 Electrical Simulation Results
Scenario Supply Total Demand Total Match Energy
Re-supply Deficit

Scenario 4C Jenbacher 3.57GWh 1.91GWh 67.58% 1.66GWh
106kW +
Capstone
C60kW x 1

Table 20: Scenario 4 Thermal Simulation Results
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Figure 22: Scenario 4C Electrical Demand and Suppbfile Match

6.2 Results Discussion

The main purpose of the simulations is to undedstha potential for CHP on a large scale
providing electricity and heat to a number of custos. The section will discuss the results
of each scenario and conclude any lesson learnt.

Scenario 1 matched a demand profile from a nevasadile care home against 3 possible
supply options. The results showed a good matchdmet the electrical demand profile and
the CHP supply profile, with each simulation retngna match of over 90%, and an
average efficiency of over 80%. The electricalaéincy is on the low side, but would be
improved if some sort of demand side managemeritntdogy is implemented. The
thermal demand profile only returned a match of 48ds is due to the large heating
requirement of a residential care home. In the cds&zing the CHP for this development,
while the electrical demand could be met by the Cifid renewable technologies, a
secondary CHP or conventional system would needédoset up to meet the total
requirement of the building. Even by increasing @4P unit to increase the heat to power
ratio produced similar results; a shortage of tlaroad.
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The second scenario returned similar results. Byptilmog the demand profile, the increase
in difference between the peak demand and basenhesoht it would be harder to match
one CHP unit to the entire electrical demand peodéihd still maintain the same level of
efficiency. The addition of a second CHP unit, atiter renewable technologies increased
the match results, from 78% up to 82%, and inceb#ise thermal match result in scenario

1 up to 55%. Again the results illustrate an exangdlan unbalanced district scheme.

In the third scenario the hypothetical electricddlermal demand model for the
Commonwealth Games village was added to the fieste chome development for
simulation. The addition of the village reduces thermal to electrical demand ratio,
making CHP a viable option. Also by having, gerlgrah greater demand, larger and
multiple CHP units could be modelled, increasing lieat to power ratio for the scheme.
The results show again a high match percentageafch electrical demand simulation. The
increased capacity of the CHP and the use of nltipits results in a higher percentage
match shown in table 18. The reduction in efficken€the systems should be noted due to
the high peaks and troughs of the system. With eimathd side management the CHP
engine will be running during periods of low enedpmand, reducing the efficiency of the

entire system.

The last model demonstrates the final stage dewedap of the post games village and care
home. Results indicate a similar pattern to thedthmodel with high match percentages for
both electrical and thermal demand profiles, bidvea efficiency. Figure 21 illustrates the
base demand met by one CHP unit, and figure 2&tidtes 2 machines sized for the base
load and peak demand loads with renewable generatided to the model in the form of
PV panels and wind turbines. This model demondrtite future potential for this type of
system in Glasgow and emphasises the importanoeatthing supply and demand. The
results are by no means an accurate technical asaly there are other sources of energy
that could not be simulated, and will be discussedsection 6.2.1, but provides a

preliminary feasibility study on this particulanatopment.
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6.2.1 Further Investigation Discussion
As discussed in the previous section, some kindlemand side management or storage
capacity would improve the efficiency of the distrscheme. The addition of the village
improved the system practicality and demonstrated gotential of this kind of design.
Further investigation into supplying heat and eleity to temporary games buildings
including; restaurants, shops, offices, traininglitees would be beneficial to the research
of this scheme, and by adding additional load pesfia smoother demand profile could be

found, and subsequently, this would improve thiiefficy of the model.

Due to data constraints a cooling model could retdbveloped, but the additional of a
cooling energy profile would increase the demangnduthe summer months, undoubtedly
reducing the difference between the base and pmsds] therefore again increasing the

efficiency of the system.

6.3 Recommendations

The set of preliminary recommendations have beéhisfp seven sub-sections due to the
different aspects of DHC. Although the technologg lheen around for a while it is hoped
that the recommendations provide additional infdroma on the technology and key
elements of that would be required for any feasybstudy:

+ Technical Design Guidance

+* Project Checklist

+ CHP Checklist

+ Financing

+ Load Profiling

+ Future Proofing

+ Further Research

6.3.1 Technical Design Guidance

The design of a heat network is critical, as irespnts a significant capital investment and
incurs ongoing operational costs. The type of uogd that are proposed for connection to

the heat network and the specifications for thesahtherefore require attention.
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The cost of installing the heat network dependoan factors:
+ The design operating temperature and pressure
+ The complexity of services
+ The length of the network
+ The peak heat demand

The network can be split into three levels
+ The branches and connections to supply
+ The distribution heat network

+ The transmission heat network

As an example, in Denmark, district heating systemes so large that there is often a
transmission system with high temperature and pigissure, transporting the heat to heat
exchanger stations for distribution at low temp@mtand pressure. For most proposed
schemes in the UK, it is unlikely that there wik la requirement a transmission heat
network as the area for the scheme generally i3l smd the heat is supplied from a local
source. Clusters of small district heating scheoasbe connected together and supplied
by a larger transmission network from a single pofmchor loads such as public sector
and community buildings and campuses can also tharbasis for schemes. This is how

many of the Danish large schemes developed over tim

6.3.2 Project Checklist

The project checklist provides a detailed listlod key elements that should be considered

before venturing into any project:

Consumer type consideration:
+ Public sector housing
+ Public sector non-housing
+ Private sector housing
+ Private sector non-housing

+ Future third party connections
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Scheme Type:
+ District Heating
+ District Cooling
+ CHP — Power to grid
+ CHP — Power sold over private network
+ Boilers only — provision for future CHP
Construction Scope:
+* Energy centre
+ Buried heating pipe-work
+ Buried cooling pipe-work
+ Electrical distribution
+ Internal distribution systems
+ Consumer interface units
+ Heat emitters
Scheme distribution network:
+* Energy centre
+ Buried heating pipe-work
+ Buried cooling pipe-work
+ Electrical distribution
+ Internal distribution systems
+ Consumer interface units
+ Heat emitters
+ Existing boilers/chillers and other plant at eachsumer
Billing and Metering:
+ Consumers charges based on consumption meteredeathnuse
+ Consumers charges based on consumption meterackking / consumer
+ Consumers charges fixed
+ Credit risk for non payment
Future Third Party Buildings:
+ Future third party included in agreement

+ Profit share from third party connections
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6.3.3 CHP Checklist
CHP is considered to a major component of a DH@mehand this checklist has been set

up to consider its feasibility in a new system:

Find the annual heat and power requiremer@HP is ideal for buildings heat and power
together for more than 4000 hours a year.

Know the electrical load profile It is important to understand the base loadilerohther

than the mean or peak. This will ensure that tistesy will run efficiently.

Know the heat demand in kW and degreesGHP configurations vary widely according
to the amount of heat required and the temperaituie required at. Some engine
manufactures will offer engines with much higheskgt heat recovery temperatures than
others.

Know how much the current cost are for heat gemanat By knowing the billing figures,
a precise cost comparison demonstrating the patesdvings to be made from each CHP

system.

If in doubt, go smal A CHP that is too large for the application wosave, whereas a
CHP that is too small, although slightly less tihatherwise would.

Understand lifecycle cost The cheapest CHP solution identified during gh@curement

may not necessary be the cheapest to run overamdrtime.

Track record- There are many existing CHP systems that uneléonm, so it is important

to find a supplier with a good track record.
Purchase an operations and maintenance serviceraont- Buy an Operation and

Maintenance contract at the same time as the liatsted; this will guarantee the systems

performance.
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Listen to the supplie~ Understanding where money needs to be spentwdiede to
economise to ensure a product that will perform Bsndost effective. It is important to

check specifications prepared by anyone who doeswo, operate or manage CHP’s

Renewable grants and fundsThe viability of CHP can vary according to thgsgments.

The internet is always a good source for this yp@formation.

6.3.4 Financing
Security and risk must be addressed in order tanfia new infrastructure, regardless of
whether it is a public or private sector projedtisTwill impose specific requirements on a
project. The key issues to be addressed are likahclude:
+ Developer contribution — Avoided utility costs or amnnection charge per
property
+ Developer agreement — Transfer of assets to an ESEy are installed by the
developer
+ Heat supply contracts — Public sector buildingd mibvide additional security
and covenant strength
+ Fuel supply contract — Index linked fuel prices dsh®n a minimum 5 year
contract and good covenant
+* Insurance — CHP, boiler plant and heating netwodality standards and
warranties
+ Due diligence — Quality of engineering and desigecsications
+ Property lease clauses — Preventing changes tmgesistems by leaseholders /
freeholders
+ Revenue recovery — Contractual agreement with ajpgcimetering / billing
company

+ Maintenance — Local agreement with oversight by M&atractors

Public sector buildings can act as important andbads to provide security to finance
providers. Security is usually geared to around 580@he value of any loan facility,
providing a debt: equity split of around 70:30. Hawar, public sector heating connections

could be used to secure a larger debt facility.
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Energy Service Companies (ESCO) are private corepamhose services can be used to
deliver varying levels of input to district heatdapower schemes and other types of energy
service contracts. Typically these services inclysleject design, capital finance,
construction, management, fuel purchasing, billipgnt operation, maintenance, long-
term replacement and risk management. ESCO’s typigaovide capital finance to

projects on the basis of bankable long-term ensupply contracts with their customers.

6.3.5 Load Profiling

Residential load profiles for hot water tend to éagwonounced morning and evening
peaks. To maximise the benefits CHP would neeéiwesenough residents and blocks that
it became viable to install a large thermal stdret (vater tank) to meet demand at peak
times. The thermal store would allow the CHP ug)tsfo run throughout the day,

maximising electricity generation and charging lup $tore to meet peak demand.

A mix of uses alongside would help create daytimeds reducing the need for thermal
storage and making CHP more viable. Uses suchrgsrlaublic sector sites, commercial

offices and hotels create a flatter more considtet profile.

Heat generated by a CHP unit in summer can alsatibeed to supply chilled water for
cooling, delivering a further 5-10% saving in £@missions. Office buildings, hotels and
hospitals are all likely to have substantial chdliloads, and associated electrical demand

to run compression chillers. Heat can be usedit@ @bsorption chillers.

Absorption chillers are driven by heat rather tledectricity. Although they have a higher
capital cost than vapour compression, they haveedominning costs and enable CHP

operators to generate revenue from heat that otbetve wasted.

6.3.6 Future Proofing

Phases of development may be carried out by diftestevelopers, particularly if there is
horizontal mix of uses. If developments are tofoéure-proofed’ for connection to district
heating then each phase must be designed to beatibiepwith and optimise the overall

operation of district heating.
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As a minimum, new blocks of residential developnm&miuld be should be specified with
‘wet’ space heating systems supplied by commundketsoin order that they can be
connected to a district heating network in the feiturhis creates a specific need for
guidance on common standards and requirements. ddramon standards and
requirements for future proofing form part of ségit heat planning guidance. This
approach has been adopted by the London BorouBlaring and Dagenham [2] which is

seeking to develop a town centre district heatietyvork.

6.3.7 Further Research

Identifying the areas of research in DHC will maintthe progressive nature of the current
research into this field. While DHC is a growingtiop alongside other conventional
methods of generating heat and electricity, theeeimprovements that could be made in
order for a more complete and recognised technology

Current broader issues include:
+ Centralised versus decentralised DHC systems awdlese specification work
together.
+ The interrelation between the electricity productamd heat demands. Operation

of the respective grids

In terms of production, the following areas areoramended for research:
+ Renewable/biomass CHP production
+ Optimal regulation for large scale integration @las thermal application in

district heating in relation to heating and donehkbt water use.

4

Pre-feasibility studies evaluating the local geataf conditions (temperature

levels, water availability) in order to use geothat energy for DHC

4

Designing and optimising the integration of geoth&renergy in DHC systems.

+ Designing and optimising the combined use of geathéand solar thermal in
DHC systems

+ CHP gas turbines and use of combined solutions asigolar pre-heating
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Development of new application for long term hetarage with reduced heat
losses

Design and use of short term heat storage

Improved utilisation of waste heat and incineration relation to cooling

applications and optimisation of the operation akte incineration plants

In the area of transport, distribution and customnstallations the following areas are

recommended for research:

-

b

Decentralised heat generation and integrated sgstem

Reduction of operating costs and maintenance dmstmprovements to piping
and joints

Development of new pipeline structures and comptsnevhich will enable cost
reductions

Development of technologies for low density are&slucing heat losses and
return temperatures

Development of intelligent substations

Development of renovation methods for district hrephetworks

Optimisation of the DHC system with the focus ore tlynamics between
components; production, distribution, substatiam$ eustomer installations
Broadening the use of district heating by new hbakk application and

assessing its impact of customer installations

Another area of research includes the Cooling feadti DHC:

-

Absorption cooling — improvement for district heafiuse; supply and return
temperatures, size reduction of the absorptionicgahstallations

Assessing possibilities regarding the use of ‘sigpheat’. Solar thermal
applications in combination with district cooling

Development of district cooling technology by usthg existing infrastructure in
DH networks

Integration of district cooling equipments in exigtbuildings

Development of small absorption chillers (10kW) $argle family homes
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On the subject of exchanging knowledge an extensisearch network would be required

including scientific journal, annual conferencesbsite, textbooks, training workshops

and student exchanges. Demonstrating the DH tesbpolised in other countries,

including elements not currently present in the ikrket would broaden the knowledge

and awareness of DHC and its capabilities.

With these expected improvements, the followingastp are possible:

b

Improved cost effectivenedsr district heating grids. E.g. standardisation o
customer installations (substations), developingv ngipes and component
structures and technologies which reduce costdostruction works.

Extensive integratiorof combustible renewable technology, surplus heanf
industrial processes, geothermal and solar heatfr@edcooling resources (e.g.
deep sea water)

Increased efficienclgy integration of district cooling technology

Increased end use efficiendue to permanent interconnection between the
customer and the heat supplier. This would enabka dollection about the
customer behaviour regarding heat consumption asdilple advices regarding
end use efficiency measures.

Reducing primary energy consumption and energy itngependencyas the
result of all the described measures.
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7 Conclusions

The aim of this project is to provide Glasgow Gitguncil and other associated companies
with a preliminary investigation into the impactiofroducing district energy schemes to
Glasgow on a large scale. This was successfullypteted by breaking down the

objectives into several categories; environmeet@nomical, historical, and technological.

The first objective of the project involved invegtiing a district scheme and its main
components, while researching several case stdé@sndant on each type of technology.
This section demonstrated the involvement of sévetgply technologies, brought

together to form one district scheme; adding tocthraplexity of the research.

Districts energy schemes have never had a popukge in the UK, and it was felt that it
would be important to understand the reasoningrigetiie lack of advancing technology.
A commonly thrown about comment in the UK is thte technology is too expensive’,
and then someone might ask, ‘why is the technokmgwidely used in other countries?’
Well the reasons behind this go back more than€absy and the decisions made over this
period have a significant contributing factor, aafthough the technologyan be

expensive, learning from these decisions will hawvempact on future decisions.

With the research mainly based on factual eventstachnical research, the addition of
analytical results from a case study based in Glasgould improve the findings of the
project. The case study consisted of a new CareeHoamg built in early 2009, and the
Commonwealth Games Village beginning constructio2010. Both developments would
be built to a sustainable home standard and theriel® and thermal demand profiles
would require developing accurate data. The finadels were developed in Excel and
imported to a university developed modelling paekallerit, and found that although
initial scenarios based on just Care Homes showkdgae deficit in thermal generation
against demand, the addition of the Village progidemore viable and sustainable option,
and revealed the potential for implementation aoftrdit energy on this scale. The
introduction ofmore sustainable (reduced consumption) living in Glasghould not be
seen as a deterrent to district heating, and it facshould be seen as an integrated
knowledge base to work with district schemes.
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The final project objective presents a record aforemendations and further areas of
research based on the technical research of thecprt is hoped that this can be used to
aid in any potential development of a district gyescheme. As the project is based on a
preliminary investigation, the results should acgaidance and as a benchmark in terms of
future investigation. The areas of further reseaerk an essential aspect of the
recommendations, and by implementing, could chatigiict energy technology within
the energy market from a random environmental oecge to a widely accepted and

available energy generation technology.

District schemes will definitely have its part tayin the future of energy generation, and
should be considered as one of the best altersatove&eonventional generation. District
schemes will always require some form of fossill,fumit the reduction in Cfitself,
justifies the inclusions of the technology as paria sustainable future in Glasgow, and
throughout the UK.

It seems as though this may be one of those pointsstory of district energy where a

decision is made that could influence the way we bur life; maybe not immediately in

the UK, but hopefully in Glasgow, and the knockedfect could lead to a better standard
of sustainable living.
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