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Abstract

It is widely recognised that significant steps minsttaken soon to combat the ever-increasing eoniss
carbon dioxide into the earth’s atmosphere andcdmsequential warming of the planet. Many prominen
scientists believe that the developed world musttai cut emissions by 60% by 2050 if the worst&fere

to be avoided. This is a challenge facing ussila strive to alleviate poverty and yet proteetphanet and
its resources for future generations. Tacklirg ghoblem requires innovation, creative solutionsdbove
all a multi-pronged approach. It is insufficidotconsider only technical solutions: the corregiidlation
and management structures must also be in plaeelass a desire to continually assess and impave
past performance. Above all there must be a mgisirawareness of the issues among the businesthand
general public. It requires a dialogue that isoviary and free of technical jargon.

In 2003 them (Community Carbon Reduction Programme) was estaddi in the University of East
Anglia to provide an integrated approach to theblmm of climate change. This paper reviews the
approach taken by this programme and in partichleimethods by which it is both engaging the comitgun
while at the same time trying to address the barighich affect the development of a low carbon
sustainable community. It is critical in this apgch to recognise that there is much already wkdch
effectively trying to promote a low carbon futukmyt often these are done in isolation and integmnatif
complementary ideas is important. Tm Programme recognises that while communities offtlere

will have to address the issue though innovativer mesign, planning and management, there remain
substantial social barriers in tackling many arebssues such as old energy inefficient buildingssent a
particularly difficult challenge and yet these blinlgs will form the majority of buildings for mangears to
come. Innovative approaches to the design andowepnent of both new and old buildings are thus eded

Introduction

Climate Change is one of the most serious issuesrtly facing mankind and it will require innowati and
integrated ways to tackle the challenges ahea®00® the Royal Commission on Environmental Padhuti
(RCEP, 2000) published a report indicating that thé should adopt a policy to reduce carbon dioxide
emissions by 60% by 2050. This was consistent itgsthrecommendation 21:

"Our view is that an effective, enduring and edoigaclimate protocol will eventually require
emission quotas to be allocated to nations on gkirand equal per capita basis. There will have to
be a comprehensive system of monitoring emissioesdure the quotas are complied with.".

While imposing a tough regime on developed coustiti@llows some increases in emissions in devetppi
countries to achieve the ultimate goal of equalitjhe UK Government (2003a) in their initial respe was
not so convinced that this was the approach thatldhbe taken, but nevertheless in the White Phgter
that year (UK Government 2003b) accepted the RCiEe@mmendation for a 60% reduction in Jevels
in the UK.

“There will be much more local generation, in pémm medium to small local/community power
plant, fuelled by locally grown biomass, from Idgalenerated waste, and from local wind sources.
These will feed local distributed networks, whieln sell excess capacity into the grid.”

Fig. 1. Shows the current annual emissions ofaadioxide per capita for several countries randiog
19.7 tonnes for the USA, through 9 tonnes in the & 2.5 tonnes in China. Following the RCEP
recommendations an average per capita emissioppsbeimately 4 tonnes per annum would be the target
for each citizen on the planet.
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Fig. 1. Current annual emissions of C€r selected countries. Data based on DTI (2005)

While the UK Government endorses the RCEP targgiyés little information on how the target wilk imet
and thereby provide low energy, sustainable comtiasnin the future.

It is essential that a multi-pronged approach kmpsetl which includes:

1. New and efficient ways of providing a diverse aedwse supply of energy taking due account of
any technical and physical limitations,

2. Raising awareness among businesses and indivittud&smonstrate that every one has a role to play

in reducing carbon emissions,

Innovative new low energy design of buildings,

Effective management of the infrastructure of boidg and distribution networks to ensure optimum

performance,

5. Tackling the problem of energy inefficiency in diig buildings, particularly when many are

historic symbols of our heritage,

Addressing issues of transportation and in padicpérsonal mobility,

Providing solutions to an ever-increasing wastdam.
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This paper begins with a discussion of the partnpssneeded to promote a low carbon future and is
followed by an outline of an innovative and visionéonic concept for a novel integrated poweristat
which would be at the heart of the community. tidtly it is envisaged such a project would be ¢arcted

in the city of Norwich in the UK. It is also intdad that interest will be raised such that sinjilajects in
other cities in the world, particularly those inidwould also be developed. Finally there foloa brief
review of some of the work undertaken by the Ursitgrof East Anglia as it plays its part towardsbom
reduction. Experience gained with some of thesasoes has promoted new ideas promoting low carbon
futures.

The (CommunityCarbonReductior) Programme

The (Community Carbon Reduction) Programme was estadalisit the University of East Anglia in
2003. Its location in East Anglia is no accidestthe University already housed the world renowned
Climatic Research Unit, which had done much to iconthe existence of global warming, and the Tyhdal
Centre for Climate Change which is seeking waypruwvide long term sustainable responses to climate
change. Th programme takes up the challenge of the UK Govemittet significant progress must
be made by the mid 2020s and is attempting to tanlénlightened community which will reduce emissio
by 60% by 2025 (not the Government target of 205@)the programme suceeds then it will point ey
whereby others can achieve the target by 2050t fdfls, then it will have identified the critt barriers so
that these can be tackled in the period betweeb 268 2050.



The programme approaches the issue of climate chardyaesd for carbon reduction by promoting
low carbon renewable technologies such as solamtde wind, and photo-voltaic, but also explorirgg t
potential of biofuels like biodiesel and bioethanol Furthermore there are projects within q
programme examining sustainable transport issudgtan social, economic, and legislative barriershi®
development of low energy buldings. The progranais® attempts to providetegrated, "joined-up”
solutions to the low carbon future and already miper of novel business opportunities have beertiftksh
While there are several projects worldwide whioh t@aickling some of these issues, most only tamkée or

at most two, of the key issues which must be resblicluding the phsycial, technical, economiditipal,
social, and environmental challenges facing thddwvas it moves towards a low carbon future.

The programme is somewhat unique in trying to tacklefthe above aspects. The programme has
had some success in political lobbying, but hasggised that the social dimension is as imporanthe
other aspects, and in many cases more so. Acgydinuch effort is currently being directed towattis
particular aspect. It was recognised that theecbdanguage must be used if the general publidabe
engaged in developing a low carbon, low energstasnable community.

The magnitude of the problem is demonstrated by Fitdpat the annual emission per person in the & i
tonnes of carbon dioxide as a result of the en#érgy use. Few people have any comprehension aof &vha
tonnes of the gas would look like in terms of volyrand a suitable visualisation is needed if thgnitade

of the problem of global warming now facing the lois to be appreciated.  Such a volume is almost
exactly the equivalent of 5 hot air balloons and tias become the unofficial symbol of project
and has been adopted readily by the local medjgromoting low carbon strategies. In simple terins i
means that in the UK the 5 hot air balloons musteoeiced to 2 whereas in China there could be agpsta
rise from the present 1.4 to 2 balloons. Mocsemaly has realised that a smaller unit is also needed
and a typical sized party-sized balloon equatesdand 10g of carbon dioxide.

The programme is also successful in conveying otheromant statistics in a simple way. For
instance a typical small family car which is drivEB000 km in a year (typical distance in the UKl emit
around 1.2 hot air balloons of carbon dioxide destrating the ciritical issue of transport in contlat
carbon emissions. With the correct and comprehlengnguage challenges can be set to the gepelbdc
such as:

1. Leaving the TV on standby when not viewing can migan the TV uses more electricity and emits
more carbon dioxide when a person is asleep thamwahbtually viewing. Alternatively, leaving the
standby on causes the unnecessary emission ofchBa0® party balloons of carbon dixoide.

2. Travelling just 2.5km in a small family car will émas much carbon dioxide as heating an old
person's room for 1 hour in winter.

Once messages such as these become kn has found that people are willing to sign a pletige
make small changes to their daily lives to reduaden dioxide emission has developed a unique
pledging system which allows the tracking of how froject is performing (details may be seen on the
website: www.cred-uk.org).

Educating social behaviour is as important as aésiglow energy buildings and a challenge set l® th
team was to find out the potential savings thatldde made by a concerted effort to switch off
unnecessary applainces. This was aimed for desitay with publicity in the days beforehand aslaelon
the day itself. The results from a selected wsite building are shown in Fig. 2. While thee an
obvious reduction in electricity use during week&ndhere is also a general declinign trend duthrey
month of April progressed as summer approachedis ffend is highligted by the dotted line togetivith
the grey band which shows the standard deviatiche#laily readings. The targetted day was Friz&§
April 2005, and there was a dramatic reductiore(a¥ standard deviations from the trend line) iatifig
that this was indeed a real effect. On the follgaMonday there was also a noticeable reductlmut, later
that week the reduction was not so marked as petaited to slip back into old habits. The magietof
the reduction demonstrates the importance of suanemess raising. The University, together a
are now exploring ways where such savings may lem@ore permanent.
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Fig. 2. The reduction in electricity demand ibudlding during a one-day campaign to reduce enefdgta
from CRed (2005).

The programme started at the University of East Angha focussed its initial efforts on the city of
Norwich, the County of Norfolk, and the East andjiBnd Region. The interest from elsewhere has bee
such that there is already the nucleus of fulejglae programmes elsewhere in the UK in towns and<citie
such as Ipswich and Cambridge, and District andnGoCouncils such as West Midlands, Vale of White
Horse, Hampshire etc. The message has alsedtarthecome international with developments foediss
on the University of North Carolina, in Canada atsb in Okinawa in Japan. More recently, throagh
Schools link project between the Xuhui District&tianghai and Norfolk, a derivative of s Project
has started in China.

An Iconic Integrated International Exemplar of Low Carbon Practice

While theCRed Programme is being increasingly successful in gageent with the public and business, it
is important not to let the momentum slip and &xsiall opportunities to promote low carbon practiSo
frequently, ideas are fragmented and the full piaemot realised. In older societies the produttof
power and energy was the responsibility of thellocoanmunity. Today such provision is often so doeul

from society as a whole that the general populationnot always appreciate the consequences of their
actions. It is important to provide user friendgiucational facilities which can target both créld and
adults from all nations as it is our common futwigch can benefit from a concerted effort by abuch a
facility should be a "must-see" activity for allheol children and demonstrate the link between afém
energy generation, conversion and use and clinfetege.

is ideally suited to the promotion of this educatit the interface between society and technology
and as part of the outreach programme has pronastddonic, integrated, renewable power station twhic
will not only be the focus for many businesses, &lsb a research centre and an exhibition andovisit
attraction as well as a conference centre.

An exhibition centre and visitor attraction will lsged in proximity to an operating power statiord awill
reinforce the link between climate change and gnprgviding the opportunity for visitors to becommere
informed on the difficult choices now facing usThe initial concept was envisaged for Norwich whish
both a historic city and the most easterly citfEmgland. As such it was promoted as the "Stahefast"
and included an architecturally innovative windbine with six blades reprsenting the six countieshie
East of England, a multi-channel biomass and wgalstiet and an extensive photovoltaic array. Itdsvn
recognised that such a concept could be ideallgedlan many other cities around the world and beagor
driving force towards a low carbon future. SeVerges in China have a key element at the hehtheir
development plans the importance of renewable gnerg. Chongming Island). Indeed wind and bisnas



is part of the Master Plan for Expo 2010 in Shangliais important that the power station is icomind an
archtectural featire in its own right rather thabasic energy generating facility. Birds-eye \sewf the
scheme in Norwich which has been tailored to tteinstraints are shown in Figs. 3 and 4.
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Flg 3. A blrd eye perspectlve of the proposednuatlve mtegrated power station in NorW|ch wevsie:dn
the north-east. This is illustrative of what midpet done elsewhere in China. The actual shapgegidwer
station has been dictated by the land area avaitaid shown by the dotted line.
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Fig. 4. View of the site from the south west.



The site in Norwich is particularly attractive femch a scheme as it covers 6 hectares and ist¢hef irst a
coal fired power station and until 2002 the siteafas turbine station. It retains the grid cotipacand has

a gas holder adjacent: transport connections aoel gath a railway line adjacent with connections to
London and the Midlands and in particular througg Thetford Forest, a source of potential foresttevéor
the power station. While envisaged that it wguidvide an integral combined heat and power satutioe
proximity of the river provides the opportunity foooling should that be required. Furthermores iteiss
than 1 km for the city centre so that heat from pgver station can be readily used for space hgatin
commercial and other developments nearby. dhigsaged that other cities, particularly in Chivith have
similar attractive siting possibilities for suctseheme.

The Wind Turbine

The wind turbine (see also Fig. 5) will be arour@ird high and be a visible landmark which would be
visible on the approaches by rail, river and raadNorwich and from many area of Norwich itselft wiill

be the second highest man made structure in tlebeing slightly lower than, and complementing, the
magnificent gothic cathedral. While the cathedva$ built in the first century of the second mitierm and
has been a symbol of Norwich ever since, so ibel that this project, built in the first centwifythe third
millennium will be a symbol of man’s move to a le@arbon future. With six blades it will not be thest
efficient design, but that is not the sole aimhad project. It is to promote awareness and bebslim and
the wind turbine does just that. To emphasisecidsic nature it is intended that the tower wik b
transparent with the bare minimum of supportinglsterk. At night time it will appear that a sti&r
floating in the sky. At the top will be visitordgewing platform which will give an unprecedentecwi
across the countryside. On clear days the seahvidiess than 30 km distance, will be visible.
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Fig. 5 The Wind Turbine povides a focal poinhe complex.

The viewing platform will also allow visitor to apgriate the importance that carbon fuels have play¢he
development of mankind. Visible will be sevestdges in man’s exploitation of energy resources:

1. The Broads: an area of world renown wetland whielnesformed in the middle ages as peat was cut
to provide fuel - this can be referred to as thidbon-1 era

2. The carbon-2 era, or coal, which was never actualhyed in Norfolk, but large reserves do remain
under the landmass and out into the North Sea.

3. The gas rigs from the carbon-3 era (oil rigs i tlorth sea will not be visible)

4. Offshore wind turbines at Scroby Sands which pthiatway to the future post carbon era.

The turbine is shown as a six bladed machine asyrdol of the 6 counties in the East of Englandi®gg
but elsewhere other symbols might be used: foairs it might be appropriate for there to be 5 ddad a
scheme built in China.



The Biomass Station

The main design of the power station is intendetidan architectural feature rather than a bulkdsted
box shape and is consistent with its function gisi¢or attraction. In addition to the wind turleinthe power
station would include a large photovoltaic arrayumed on the roof of the "Greenhouse of the Futufidie
biomass/waste station will be modular in design alhalv for new developments in technology and thas
future-proofed.. Being modular may raise the stightly, but the flexibility thereby achieved shd@ensure
this is a particularly robust solution for the ftgu It is envisaged that one stream of the bisnsagtion
might initially be a mass burn incinerator, buttwiéxperience the other would incorporate pyrolysid
gasification to provide an efficient conversionbidmass to electricity and heat. An aim would ®elésign
and operate a power station which could utiliseesvdifferent biomass fuel sources. In appropriat
locations it is envisaged that waste would be goontant fuel source as this would provide an edfitiand
environmentally sound method for disposal if intggd with pyrolysis and gasification. The holdaga
for the fuel stock will be under the building fabthat will be maintained at a small negative presgo
avoid problems with smell etc.

The plan for the biomass/waste section of the pgvient must address the issue of waste heat disposa
There is little problem in winter when district hieg is required, but in summer the low demandsipace
heating can create problems and the intention iiscmrporate adsorption chilling to allow tri-geagon and
use part of the rejected heat. The waste hélaalad be used for space heating the exhibitichadjoining
conference facilities in winter and via the adsipthiller for cooling as required in the summer.

As an alternative to advanced biomass pyrolysis gasification it is planned that at least one o th
processing channels would be used to deal with cipadiwaste and thereby reduce the need for ldndih
innovative design of this type has already beenatestnated at the commercial scale in Avonmouthan t
UK. This plant developed by CompactPower (Confpaater, 2005) can deal with all types of non
radioactive waste has proved to reliable and isutawdand would be an ideal partner in such a pt@sc
envisaged in the integrated power station.

Fig. 6 A cross section of the power station ared"tBreenhouse of the Future”

The Factories of the Future

The factories of the future are envisaged to bedhwehich will develop as society moves towardsva lo
carbon future. At an early stage, biodiesel aioéthanol as diesel and petrol substitutes willfmtuded.



Unlike biofuel production elsewhere which requifessil fuel derived process heat and electricitywiil
take advantage of the adjacent renewable poweorstand thereby minimise the carbon emission aatexti
with the full fuel cycle. Once the infra structuiog bioethanol has been established such a commbekd
be ideal to explore newer developments includirmggioduction of bioethanol from Municipal Waste amd
this way not only would reduce an every growing t@gsoblem, but also provide a low carbon solufm
transportation.

Greenhouse of the Future

It is envisaged that Greenhouse of the future lvélipartly devoted to the exhibition area and patélyoted
to research to explore how vegetation and cropddwaspond to changes in climate. A cross seation
this and how it might look partly superimposed ba power station is shown in Fig. 6. The tempeeatu
within the research area will be controlled frora #xcess heat (or chilling) from the power statiself.

Low Carbon Futures at the University of East Anglia

The University of East Anglia (UEA) has been proaein promoting low carbon technical strategiestfe
last 15 years. The strategies adopted have iedltite construction of innovative low energy bui@gs and
the development of integrated fuel efficient stas for campus energy. The campus itself has/raker
energy inefficient buildings built in the 1960s whiare now Grade 2 listed and these present alarti
challenge to the University.  While this is anpontant challenge, the current paper focus on gheeis
surrounding the new buildings and the energy supply

One of the patrticularly innovative methods of bl construction is the “Termodeck” principle which
incorporates a highly effective regenerative heahanger which is 87% efficient in recovering hzam
the mechanical ventilation system. Four buildihgse so far been built using this system with tn fib
follow shortly, and these give the UEA Campus tighast concentration of such energy efficient bodd

in a temperate climate. The construction usesJigight hollow slabs for the floor through which bot
incoming and exhaust air can circulate. The ppilecdf operation is summarised in Fig. 7.

_CD Supply duct to hollow core slabs

Incoming Air

*

\.\ Filter Heater
Exhaust Air

Two channel regenerative ﬁ : /

heat exchanger Exhaust Air
from rooms Floor Slabs Diffuger

Fig. 7. Schematic diagram showing the principletied "Termodeck” construction which results in a
particularly low energy design.

Incoming air is first heated in the two channelamgrative heat exchanger before passing througtea f
and a heater bank which might be supplied fromsauitable source. The air passes through the haltoe
sections and emerges through diffusers. Stalieaair the occupied spaces is captured in sepatats dnd
taken back to the regenerative heat exchanger whermmajority of the residual heat is extracte@ihe two
channels of the heat exchanger switch over at appately 90 second intervals to provide a very Higlat
recovery rate.

The first building of this type on the UEA campuasahe Elizabeth Fry Building (Fig.8) which wassfir
occupied in early 1995. When constructed it waided as “the best building yet” by Probe (1998d,an
despite costing less than 10% more, achieves aregsape energy performance such that heating fr th
whole building is supplied by a single domestictimgaboiler. Exhaust air from the rooms collectaste



heat from the low energy lighting, and is passedugh the ducts to the regenerative heat excharigesn
when the outside temperature is as low @ i9is rare for any heat to be supplied by thddsoi The U-
values for all these buildings not only exceededBhilding Regulations in force at the time of douastion
but are likely to exceed them also for several yead probably decades to come.
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Fig. 8. The Elizabeth Fry Building completed iro59

Fia. 9. Performance of Elizabeth Frv Buildi

Since both the warm incoming air and stale airutaes through the building fabric the structurel@se to
the air temperature and this improves the percemifdhermal comfort. The hollow core structuliews
the full impact of the thermal mass of the buildiegbe utilised in stabilising the temperature witthe
building even with quite large diurnal swings. n dlimates where the nights are cool in summer,tiet
days are hot, the fabric of the building can beqmeled over night thereby reducing and in manyesas
eliminating the demand for space cooling. Indiimhates this can be an important consideratiothagpeak
cooling requirement can be substantially reduced.

The building initially performed well, but by cargffine-tuning over the first two years the spaeating
requirement was reduced by a further 50% to jusk\®®/ nf / yr (Fig. 9) and this was just 20% of the
standard for academic buildings (PROBE, 1998).

Fig. 10. The ZICER building showing the photovitarray on the top floor.



An even more innovative building on the campushis Zuckerman Institute for Connective Environmental
Research (ZICER) shown in Fig. 10. This develogedconcept of the Elizabeth Fry Building and uaigd

a 34 kW PV array on the facade of the top floor émel roof of the building. The lower four floors
(including the basement) were constructed as aniddeck" construction with an exhibition area on tibye
floor which was designed to demonstrate the usphoto-voltaic cells. The heating requirement a§ th
building was expected to be around 90% of thatliabBeth Fry. The early results of the performaotthe
new building were not encouraging with heating remaents double that of the Elizabeth Fry buildivigen
expressed in terms of heat requirement per unit ar€areful analysis of the data suggested tlliferent
management regime using control of the temperatdir¢he slabs might be appropriate and this was
implemented in the summer of 2004. The consequéas been a dramatic improvement in performance
with the ZICER building substantially outperformittge Elizabeth Fry building for most of the wint{&ig.

11). This demonstrates that to achieve low eneugtainable buildings requires not only good ahiti
design, but also careful management of heatingesfies if the optimum performance is to be achieved

Heating and hot water comparison between ZICER EBliwhbeth Fry (2004/2005)
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Fig. 11. The actual performance of the "Termotsektion of the ZICER Building compared to the
Elizabeth Fry Building.

All the “Termodeck” buildings are well sealed amdlyrfor their performance on good air-tightnes$ere is
provision for individuals to open the windows, altigh this facility is seldom used. However, it is
important that such provision is available as atatafity of the working environment will become impant
as buildings of low energy standards are builtA survey of user satisfaction in the Elizabeth Bryilding
demonstrated that in all the measured categoreepehception of the building was above averagéhawis

in Table 1.

Table 1. Perception of users of Elizabeth Frildiug

Criterion Relative to a standard building
Thermal comfort 28% better than average

Air quality 36% better than average
Lighting 25% better than average
Noise 26% better than average
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The low energy demands of the “Termodeck” buildihgse been achieved through careful consideration o
ventilation heat recovery. As standards of insoifaincrease, ventilation becomes an increasingjyortant
part of the total energy requirement. It is efiaéthat ventilation heat recovery becomes integrahe
design of most new buildings. While natural vexitiin can be effective, it should be tested agdimest
option of ventilation heat recovery before beingsidered as a possible option.

Low Energy Strategies for supplying Heat and Eleciicity to Campus Buildings

The majority of buildings on campus have heat dedgpirom a central boiler house. In the late 18
option to install high quality CHP was taken. @#éigas engines provide the motive power for theetir
MWe generators (Fig. 12). A total of 4.2 MW ofalhés also supplied while supplementary heat inevirs
supplied from the existing boilers. At times thehame is a net exporter of electricity, but sinke t
introduction of the New Electricity Trading Arrangents (NETA), and their subsequent replacemenhéy t
British Electricity Transmission and Trading Arramyents (BETTA) on April 1 2005, the financial
viability of export has not been as great, partidyl since the price of gas as the fuel sourcerisasn so
dramatically since mid 2003. Nevertheless aftetaltation of the CHP units a saved around £400 @0
annum in energy bills compared to an original bfil£1 000 000. Table 3 shows the proportion of
electricity generated by the CHP Units.

Table 3. Electricity generated on
campus, total demand and
percentage supplied by CHP
CHP Total | Percent
generatefDemand supplied
MWh MWh

1999[ 16753 | 20432 82.09
2000| 15301 | 21410 71.59
2001| 18440 | 24756] 74.59
2002| 15644 | 25611] 61.19
2003| 15655 | 26277 59.69
2004] 17567 | 26961] 65.29
01/01/2005 to 31/07/2005
2005
11198 | 16422| 68.2%

Notes:

i). values for 2000 were affected by a
major overhaul of units

ii). after 2001 financial viability for

Fig. 12. The CHP units and one of the boilerimrhain boiler house  export was affected by NETA.

The electricity generated in schemes such as theseoarticularly beneficial in promoting low energy
communities as the electricity is used locally awbids the normal losses of electricity associatéth
transmission. Tables 4 and 5 show a comparistimeicarbon dioxide emissions in the last full vieefore
installation and the first full year after instditn. A reduction in carbon dioxide emissionsnird 5699
tonnes to 10422 tonnes was achieved - a saving%f 3

Fig. 13 shows the utilisation of the CHP units otrex period from installation in mid February 198931
July 2005. The average load factor is 67% bt thils to below 40% during the summer months when
there is little demand for heat (Fig. 13). To iy the utilisation of the CHP units an adsorptieat pump

is being installed and is due for commissioningpie September 2005. This will provide much @& dver
increasing demand for cooling by scientific equiptnguring the summer months and also allow a irs@éa
generation of electricity. It will also decreadee tamount of electricity imported for chilling artdis
represents a "win-win" situation and should allawiacreased amount of electricity to be exportefd.is
estimated that a further 350 — 400 tonnes of cadimxide will be saved by this means.
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Table 4. Energy use and annual,@mission at UEA Campus before installation of CHP.
1997/98 electricity, gas oil total
MWh 19895 35148 33
emission factor KWh/kg 0.46 0.186 0.277
carbon dioxidel| Tonnes 9152 6538 9 15699
Table 5. Comparable data for first complete ydtar installation of CHP
Electricity Heat
1999/ total CHP . . .
2000 site | generation export | import boilers CHP oil total
MWh | 20437 15630 977 5783 14510 28263 923
emission factof kWh/kg -0.46 0.46 0.186 0.186 0.27y
carbon dioxide| tonneg -449 2660 2699 525Y 256 2204
100%
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Fig. 13. Variation in load factor for electricigyeneration by the CHP units. The graph demomrsttae
under utilisation of units in summer because tlietienited demand for heat.

In addition to the adsorption chilling, the Univigysis planning to start a feasibility study intbet
installation of a biomass CHP unit in late 2005 his unit will be larger than the existing unitslat MW
electrical and 2 MW heat. Biomass may be consitiéo be carbon neutral if it comes from sustaimabl
growth. However, the growing, harvesting and tpantation of such biomass will entail energy usecm
of which will be as fossil fuel, and so there vailill be some emissions of green house gases avegh on

a lower scale than normal fossil fuels. Initiatimsites of such a scheme suggest that a furthéngsaiv
carbon dioxide emissions of 3500 — 5000 tonnesprum is possible.

Conclusions

Sustainable low energy communities will be mosicegsful if a multi-pronged approach is adopted.il&/h
innovative new low energy design is a necessasy $tep, engagement with the local communities|isky
important. The Community Carbon Reduction Progr ¢) has identified several important issues
which are needed ensure the most successful outtmhoes carbon strategies. These include the fahg
points.
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1. Effective innovation should be at the heart of redw sustainable development and building design.
However it is important recognised that ventilatissues are becoming increasing important as fighte
fabric regulations are adopted.

2. Highly efficient heat recovery is possible usingeeerative heat exchangers.
3. Low energy design is not enough by itself, it isgible to improve on actual performance by careful
monitoring and analysis of the energy profile ottee first 12 — 24 months and adapting the energy

management strategy accordingly.

4. Tri-generation incorporating CHP and adsorptionllidg should become an integral part of energy
supply to many building complexes — significantisgs in carbon dioxide emissions are possible.

5. Legislation such as that currently in force in i€ relating to the supply and distribution of eléaty
can be counter productive to an effective promotiblow energy strategies.

6. Appropriate education campaigns can lead to sutistasavings in energy even in existing buildings,
but thought is needed to ensure gains are notlomigh subsequent back-sliding.

7. There is the need to engage with the general publcmanner similar to that now adoptem in
and increasing number of places around the wdFlm do this requires careful thought on the unitbdo

used. Th s programme has found that using volumes equivdtemvery day items is often a
compelling way to engage people. This engagememibe backed up with a Pledge scheme similar to
the 8 Pledge system which individuals and corporatiagesn@w adopting in increasing numbers.

8. An iconic integral renewable energy power statiommbined with exhibition, educational, and
conference facilities would be an excellent wajutther engage the public.
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CHP{ i) tb 3

CHPFE | BEX R R
BAERSE | AR
N et
1999 16753 20432 82.0%
2000| 15301 21410 71.5%
2001| 18440 24756 74.5%
2002| 15644 25611 61.1%
2003| 15655 26277 59.6%
2004| 17567 26961 65.2%
5005 20055 1 A 1 HZE 20054 7 A 31 H
11198 | 16422 |  68.2%
p=
< iii). 2000 FHBEZ R THARKREHE

' CHP #l44

ivV).2001 Ff5 , BOREN VS ATHES
3 NETA B9 52MR

B+ EWRFEHN CHPHLAMBRIF 2 —

R—FREFWEIBHNENTHMEEELX , RAEIBATALE , BRTEAAIEPNE
o RENKRIEETRTHEZEN/IFNEZREF —FHN-SRENE. —SREEKER 15699
MifE = 104220 | BEIKT 33%

B+=2RTM 1999F = Ah AL %EE| 2005%F 7 A 315X —ERATE CHPHLANR AR R. FHEH
AEERN 67%, BEEEN/INAPFHTHEERBOMEZE 400 ( AEBE+= ). ATERS CHPHL
HWFIARLRT —PMNRARR , §T 20055 9 ARAFER, XEFETLUHEEZTRZUETHTE M
HRER , HIESHLTE, BN, BB EHSFMENEIRA |, BB IMERE |, REBEN
REENSEE, BT, BEYX—FEEREHR —$ R LY 350-4000 8 —F{LRBERE,

RM : R% CHPHIAR UEA REWEEZE R F CO P E

1997/98 =) = pi:| HE
BA R/ 19895 35148 33
BEmE FE/DEHFR 0.46 0.186 0.277
—SLRE iy 9152 6538 9 15699
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2000 FE
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/B
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IF5%
—FiLixE i -449 2660 2699 5257 256 10422
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BR T IRIRBIB 25N, £ 2005 FTHF , KERUYFENREEY CHP HLAR AITHHRE , X—
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%, NZRIRZSRENEEFIEER.

10. BRI A BAE R RES A BRI & A ABEE UK
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DA, MRS R E AR | BB B SN
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MEEFR , XFE—RANKBENRD ZELBRERE.
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BHE
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