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Abbreviations used

AH&P Aberdeen Heat & Power Ltd

ASC Available Supply Capacity

ASHP Air Source Heat Pump

BODC British Oceanographic Data Centre

CHP Combined Heat and Power

CHPQA CHP Quality Assurance programme

CoP Coefficient of Performancevhich, in the case of a heat pump,tie
ratio of heating supplied to the electrical energy consumed

DECC Departmentof Energy and Climate Change

DH District Heating

DHN District Heating Network

EA Environment Agencfcovers England only)

EU EED European Uniotenergy Efficiency Directive

ESCo Energy Supply Company

HDPE Highdensity Polyethylene Pipe

MEF Marginal Emissions Factor

NT National Trust

PLC Programme Logic Controller

SCaDA Supervisory Control and Data Acquisition

SEPA Scottish Environment Protection Agency

SPF Seasonal Performance Factor

WSHP Water SourcdHeat Pump



http://www.aberdeenheatandpower.co.uk/about/
https://www.gov.uk/government/organisations/environment-agency
http://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficiency-directive
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Abstract

This paper inestigates the feasibility afsing a river or sea water sourced heat pufMpSHP}¥ystem

to supply heating tothe Aberdeen Heat and PoweAK&B district heating systemOf the three
systemscurrently operated byAH&R the largest Seaton was chosen dieeits proximity to water
resources, namely, the sea and the river Damwell ashe potential for expansion at the Seaton
energy centre. Théeating demand of théSeaton system is expected to continue to increase which
will require the company to invest in new planthefeasibility of a potentiasystem was modelled
usingenergyPRO softwanghichallowsthe user to carry out a comprehensive, integrated and detailed
technical and financial analysis of cogeneration systébhge quantity of heat contained within the
River Don is also determined through thexaminationof flow rate and water temperature data
datasets An ammonia heat pump system is designed to extract and upgrade the heat from the river
water to a heating suply at a temperature of 80°C. The financial feasibility and carbon footprint has
also been analysed and discussed.

1. Introduction

AH&Pwas set up in 2002 with the specific aims of developing and operating district heating systems in
Aberdeen to eliver afordable heat for hardo-heat properties, in particular hartb-heat high rise

blocks, where a large proportion of residents resided in fuel poverty. The further aim was to assist
Aberdeen City Council in carbon reduction targets through delivery ot#mhon heat from combined

KSIFG FTYyR LR2ggSN agaidsSvyao ¢CKS O2YLIl yeQa |AYa ai
flexibility and diversity of operation the district networks also connect to nearby public andmeétic

buildings. The longer termira is to extend the district network throughout the densely populated

public and commercial areas of Aberdeen to achieve a network of linked energy centres which could
operate on a variety of fuel sources, thus giving further diversity and efficiencyeohigmn.

The company supports and operates energy centres at three sites, namely Stockethill, Hazlehead and
Seaton, and now supplies over 2000 flats in 26 raitiry blocks and 13 public buildings. Carbon
emissions from these buildings have reduced by 4&6% typical fuel costs to tenants have been
reducedup to 50% over the previous heating system. Customer satisfaction surveys have indicated
that tenants are very satisfied with the heating system. The schemes have received four high profile
awards:

U UKHousing Awards 2008Increasing Environmental Sustainability

U UK Housing Awards 20@8utstanding achievement in Housing in the UK

U COSLA Excellence 2008 silver award

U The 2013 award for Excellence from Global District Energy Climate Awards
The Company coirtues to develop their district heating network and has installed a £1m extension of
dzy RSNENRdzy R YIAya (26l NRa (GKS /Adeé /SYiNB 6KAO
other public building®n route. A fourth energy centre is under constructionTillydrone which will
initially supply seven residential high rise blocks consisting of 450 flats, with capacity to supply heat to
the wider Tillydrone community in the futurevhile the original Stockethill project has recently been

doubled in size v an additional four blocks of flats connected and a new CHP engine installed in the
extended energy centre
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The company relies solely on natural gas fired CHP plant and boilers to provide heat for distribution
and for electricity generation which is mamsold toa consolidator viahe National Grid. The
imperative of diversifying fuel sources and reducing carbon emissions hasH&&to examine the
feasibility of deploying a larg¢/SHRo supplement the heat provided by the CHP plant. By siting the
WP close to the CHP engine, electricity which otherwise woukkperted to the grid, can be used
for the operation of the WSHP. Results from the modelling of the system with the WSHP against a
alternativecase ofadding an appropriately sized CHP planthe current plant configuration indicage
that substantial carbon and cost savings can be made due to the efficiency of the WSHP and also
favourable reductions in the utilisation of peak load boilers and CHP plant.

This report presents the main findiedrom the modelling taking into account anticipated future heat
demand increases, availability of low grade heat from proximate water resources and availability of
different capacites of WSHPplant. It is expected that an appropriately sized heat pumpildo
contribute much of the base load heat demand for any of #&t#&PDH schemes without incurring a
high carbon overhead or unaffordable capital and operational costs.

2. Background
2.0Why Consider a Heat Pump?

Heat pumpsc hailed as "game changing" ByK Energy Secretary Ed Davey in Mabh4 and
advocated by Professor Paul Younger, Rankine Chair of Engineering at Glasgow Ugwersitfirst
described by William Thomson, the first Lord Kelvin, at Glasgow University in 1852.

Modern heat pumps use ettricity to turn cool water from rivers and lakes into hot water. Technology
developed in Scotland is already beingusedtoleat &1 G SNJ FNRY | F22NR Ay |

Water's ability to retain heat is far greater than the air, which heats up and cools down very quickly
Any open body of water, whethex river, the seacanal lochor lake,can be seerasboth a plentiful
and a eplenishablesink oflow grade heat which is ultimately derived frasalar energy

In respect to Scotlandhere are numerous rivers such as the Clyde,, Td2geand Donas well as
9,910km of coastlinggiving access texploitable and renewabldow-grade waer-based thermal
energy.

The water supply pipes for a WSHP system transfer laywade heat with the ground itself acting as
the insulatorwhereas district heating pipes connecting an energy centre with buildings ohehe
network have to be heavilynsulated tominimiseheat losses. During the summer, when the ground is
warmer, the water may even pick up energy as it flows from one point to another.

A heat pump as a form of renewable technolaggligible for theRenewable Heat Incentive (RHIhe
RHlis viewed as keyfactor inmeeting the Scottish Government target of 11% of heat demand from
renewables by 2020, and will play a significant role in decarbonising the heat sector by 2050.
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2.1 Existing examples of use tdrge scaleNSHPs
2.1.1Duindomp, Netherlands

The City of Hague has developed an innovative district heating concept that consists of a seawater
central supply unit with a heat exchanger and heat pump unit that uses the nearby sea as a
temperature source. The Hague and Vestia Housiogod@ation have partnered with Deerns
engineering consultancy to implement this energy source in the reconstructi@if the 3,000
dwellings located within Duindorpa sttlement along the North Sea Coast consisting mainly of small
former fishermen family houses built between 1915 and 1934at is extracted from the sea whose
temperature varies between-4 n x / G2 0 S-c gzkJA NJteR BRtinggsiation compensates

for mismatch between low sea temperatures in winter and high heat demand versus the opposite in
summer. In summer the centralised heat pump ispagsed with sea water passing through to a heat
exchanger. Domestic scale hgatmps are installed in each dwelling. The scheme claims to reduce CO
emissions by 50% compared to the reference case and does not require a gas infrastructure. Other
features are a short sea water trajectory, low transportation temperature and energgneioire.

The cost of the project was met by a consortium local government and the private sector and breaks
R26y S6AGK | LIINRPEAYFGS FA3IdzNBE | a F2fft26aY R2YS.
KSFGAY3 LXIFYd endcY G201FY eTdcY

2.1.2 Drammen, Nonay

The projectwas commissioned in 2011 withree heat pumpsystems giving a combined capacity of 14
MW for heating over 6,000 homes and businesses in theafirammen. The district heating system
is owned and operated by Drammen Fjernvarme who héeerights to the concession area given by
the Drammen Municipality. This requires all new buildings larger than 100 rbe built with a
water-based heating system and connected to the district heating sysfdra. heat pump uses the
naturalrefrigerant anmonia that has zerglobal warming potentiagffect, relatively low toxicityand is
easy to detect due to its pungency

The plant draws in sea water from an inlet whicliksn out into the fjord and 3& under the surface.
There, the water temperature istable year round at 8°C with a variation of one or two degrees
making it ideal for the heat pump to extract heat. In winter, the water is slightly warmer (9°C) than in
the summer (8°C) when there is melt water coming off the mountalime water is cooledby low
pressure liquid refrigerant.

The system heats water to 90 using a vapoucompression refrigeration cycl®r use in building
heating and hot water system$he system has an average coefficient of performance (COP) aic8.0
with the low cost & hydro-based electricityn Norwayit is cheaper to run a heat pump than a gas or
electric boiler.

! SeeDuindorpcase study dzY Y+ NE = O2 y T S NBeAhfer Heltid) I8y (ot&d At 2 yolzf & aftidlednS £ A y 3+ | Yy R
CleanTechnica.
2 See thecase studyresented at the Institute of Refrigeration, April 2011. Adbpa article
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http://www.kimointernational.org/WebData/Files/Annual%20General%20Meeting/Seawater%20Heating%20Plant.pdf
http://cleantechnica.com/2014/06/24/sustainable-district-heating-from-seawater-its-happening-in-holland/
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2.1.3Vartan Ropsten Stockholnd

With a total capacity of 180 MWhe sea water based heat pump system at Vartan Ropst&weden
is claimedo be theworf R Q a . Thie BiE&MBecame fully operational in 198hdis now operated
by the Finnish energy company Fortum.

The system consists of six Unitop® 50FY heat pumpusiitgthe R134&haloalkanerefrigerantwhich
is hazardous and has a high global wiagnmpactof 1,410[4]. Each unit has a heating capacity of
30MW and uses 8MW of electricity. Output can be varied down to 10% of full capacity.

In summer warm surface water is abstracted from the sea and in winter water is taken via an inlet at a
depth o 15m where the temperature is at a constant +3RCwinter, £a wateris ingested at-2.5C
and returned at0.5°C

Thewater return and supplyemperatures for the DH system are typicadly°Cand80°C
2.1.4Kingston Heightslevelopment

In thisWest Lownlon scheme water igxtracted through intakes positioned 2.5m below the surfaafe
the river Thameswhere the temperatureis relatively constant yeaound. After filering heat is

transferred from the river water to a secondary circuit that links to lanproom where WSHPs
increase thewater temperature beforedistributionto mini plant rooms, where the temperaturese

boosted further. The system is capable of delivering 2.3MW of hHeal37 apartmentsand a 142

bedroom hotel

When the developer was ked whether he is confident thaa system of government subsidies will

reduce thepump system's £2.5 million price tag sufficientty make the technology commercially

viable on a large scalde responded L 1 U & @OSNE RATTFAOdz (o tiexostoof LINB
installing the systemeach one will be different. However, it should be possible to install the system for

the same sort of money as combustioased technology and with the support of the government's
renewable heat incentive, it shouldb O2 YYSNOA I t & @Al of Soe

The developer is positive aboatlvisng other developersto do this from a technical, commercial and
environmental standpointHe believes thathe benefits that will accrue to the residents in the
development and the hotel ownewill be significant interms of reducing energy bills as well as in
terms ofincreased energy efficiency aneldudng carbon emissions.

Water is abstracted from the river having passed throagiechnologically advanced stainless steel
filter that ensuresthat no marine life can enter the system. The abstraction filters are fitted with an
automated backwash system that is able to 'blow away' any detritus from the filter's mesh in order to
ensure that an optimum flow is maintained at all tim@hat water ighen passed through a second,
even finer filtration process, to get rid of any silt before being fed through the heat exchangers. An
internal closed loop system then transfers the captured thermal energy to an internal plant room in
the Kingston Heightsavelopment about 200m away.

% see:nttp://www.friotherm.com/webautor-data/41/vaertan_e008_uk.pdf
* See List ofefrigerants:http://en.wikipedia.org/wiki/List_of refrigerants
5 Seehttp://www.cibse.org/Knowedge/CaseStudies/CIBSEaseStudyKingstorHeights
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Having passed through the heat exchanger the river water is transferred, untreated in any way, back to

the river. Itis expected to beslightly coolerby approx. 2°C with a return temperature @f9°C

compared with 810°Cwhen € i N} OG SR® | O0O2 NR Ahg Feturir vatetiKiBstari®yS F St 2

assimilated into the main body of water and returns to ambient temperature almost immediataly

an element of theagreement with theEnvironment Agenc{eA, any water returned to theiver from

the closed loop system within the development Wil within £3°Cof the river temperature

2.1.5Plas Newydd, Angleséy

The 300kW marine source heat pungpthe first commercialmarine WSHRo be installed in the UK
and provides all of the heang needed by the 18tsentury mansion and gardermswned by the
National TrustThe upgrade cost £60@nd is expected to save around £40k a year in operating costs
by displacing the ofired heating system which used to consume as much as 1,500 litmkaoflay in
winter.

The award winning system takes sea wdtem the Menai Straiitt 60m from the shoreling through

pipes to a heat exchanger on the shofdne pipes going into the sea goeotected with caissonand

blended into the shorescape usimgcks.After passing througlmeat exchangewater (or glycol?) is

then pumpedup 3am2 ¥ Of AFTF FIL OS G2 GKS YlyairzyQa o2Af SN
heat to 55C Preinsulated pipe then carries the heat water100m to the Country House itdevhere

it is used to heat the building at a temperature suitable for conservation and provide domestic hot
water.

The system became operational since May 2014 and is performing well according to the NT who have
reported a CoP of 4.08 and a §PFof 282 as of December.

2.1.6Portsmouth Port Terminal Buildiriy

The Port Terminal is the sole user of a seawater heating system for use in a commercial building.
According to their website, it is the first public building in the UK to be heated and cooleg usi
thermal energy from seawater, dramatically reducing its carbon footprint and using only 20% of the
energy of a traditional boiler/chiller system.

2.1.7 Alaska Sea Life Centre

The Centre which is situated at almost 60° Latitude, consider themselJss ¢arly adopters of sea
water source heat pump technology, having chosen this technology over that of ASHP due to the
higher CoPs achievable with WSHRss recently constructed systerf2012)is relatively small, rated

at 80-85kWe input and 288kWth outpu The plant had a capital cost of $833,330 (£525k), annual
glycol pumping cost of $24,833, electricity consumption of $61,300 and O&M of $1d,680main
objective of the project is to reduce GHG emissions and heating costs by eliminating dependency on
fuel oil

® See BBC articleleat from the sea to warm historic housand National Trusdrticle

" Seethttp://www.thegreenage.co.uk/coefficientf-performanceseasonaperformancefactor/
8 Seehttp://www.portsmouth-port.co.uk/about_us/port_information#sthash.PjVv807V.dpuf
® Seethttp://acep.uaf.edu/media/60861/ASLEEARForumPresentation.pdf
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2.1.8 Nakanoshima district, Osaka

As part of a drive to reduce GHG emissions WSHPs have been installedNak#reshima distriabf
Osakaand made perational since 20040 replace boilers and electric water heaseNakanoshima
has d&undant water resources in the form of two rivemsith water extractedfrom the Dgimagaw and
discharg@d intothe TosaborigawaTheextractionreturn temperature change is kept within a range of
less than £3 whichis considered not to significantly impact on river life.

2.2 The large sca/SHPmarket sector

The large scale heat pump sector is strongly related to the-desiéloped refrigeration sector,
however, the application ofarge scaleW3HPs to the DHsector has been historically limited to
Scandinavia, Switzerland and Japan. That appears to be changing under pressure fronttterdyU
Efficiency DirectivéEED and asGovernmens, including those othe UK and Sctand [11], seek to
diversify away frm fossil fuel dependency

So far there only appear to bewvo companies offering products, namely Friotherm aSthr
Refrigeration

2.2.1Friotherm AG?

Friotherm has its roots in the Sulzer group and offers heat pumps, chillers, components and services.
The company became legally independenitits previous ownerby means of a management buyout
in 2005.

Friotherm offer the Unitop® range of Heat Pumps and Chillers which span from 1MW to 10MW in
capacity and are aimed at the district cooling and districttimgasectors. Each Friotherm product of is
designed and configured according to the specific needs of a client.

2.2.2Star Refrigeration®

The Glasgow based Star Refrigeration company offer the Neatpump range of heat pumps which use
relatively benign Ammada as a refrigerant. Neatpumps are available with capacities ranging from
350kW to 8MW with multiple modules offering a practically limitless capacity. There are several
models of water sourcelleat pumps within the range.

3. Potentiallow gradeheat soures

Recent work by the Scottish Government indicated that tb&alt heat demand for alettlements
within 1km ofthe coast is 31TWh/yand that the ttal (nonelectrical) heatis demand 87TWiyr for
all of Scotlandalthoughnot all this demand idor low grade heati.e. some demand is for higher grade,
industrialheat[14].

Weagy ONBFGARZY 08 Yisuhmad dzas$ 2F ANAGSNI 61 (SNE

" See: Scottish Government: Towards Decarbonising HeatinMsing the Opportunities for Scotland: Draft Heat Generation Policy
Statement for Consultation, March 201l#tp://www.gov.scot/Publications/2014/03/2778

12 Eriotherm AGhttp://www.friotherm.com/

13 An overview of the Neatpump range can be vievhete

“sSee thepresentationby Hugh Muschamp at the Stratego Coaching Session 1, 17 Nov 2014:
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Unused excess heaources and resources cited llye Scottish Governmeninclude waste water
treatment works cooling towers, abandoned mine workings, rivers, geothermal, solar angl&f/g.

In August 2014 DECC launched their river source heat[ftpvhich shows that there is around 40
urban rivers and estuaries Englandhat could provide largecale renewable heating supplies to local
communitiesthrough water source heat pumps.

Useful work has already been done in Scotland in relation to using rivers for their low grade heat
content[16] [17].

Various heat sourcdsave beeridentified in theAberdeenCityareaasfollows.

3.1 RivesDonand Dee

Typically, theWSHP would take watefrom the river and return it at a lower temperaturdyy

I LILINE E A Y ITieSévige tharkH&Phas received fronSEPANdicates that such an extraction
might be classifiable as a nelasssless abstractioalthoughSEPAave said thaBH&Pwould needto
provide amore detailedexplanation ofintention as part d the applicationprocesq18].

Care has to be taken in the placement of the pipes (generally coiled on mats and called pond mats) or
panels to avoid any boat traffic or debris which might float past but once submerged (usually at least a
meter deep) they wuld normally not require any further attention.

In Aberdeen there are two significant rivasee of which, the Donpasses close to theH&Penergy
centresat Tillydrone and Seataand is thereforeconsideredoelow. The other, the Dee, hasflow rate
[19] whichis greaterthan althoughof a similar order of magnitude tihat of the Don

3.1.1How rate

A dataset of thelbw rateas measured close to the Parki@tidge (A947) at Perslayas obtained from
the Centre for Ecology & Hydrolof®0Q]. The readinghave beentaken daily starting from Dec1969
up until 30 Sep 2013. The rate varies from 3.553set to 327.5n¥sec with an average of
21.14m*secand standard deviation of 18.8%/sec.

It is anticipated thatthe main operation period for the heat pumgystemwill be duringthe winter
monthsand therefore aflow duration curve was constructeds depicted Figure 1 beloywsing flow
rate data for theperiod 1 Oct to 8 April each year for the years @9to 2012 The curve givea more
reliable predictiomn for flow rate of the RiveiDon and corresponds to thaused bySEPAt0 help
determinethe amount of water that carbe extracted from the rivewithout detrimental impact to the
environment To illustrate with arexampleusing the graph belovthe Donflow rate is predicted to be
higher than 10r¥s for 76% of days during this periodThe only limitation of this approach is that it

P59/ / Qa wated $ourde &editSriajs aimed at local authorities, community groups and private developers.

e kS /2y BSMNBifgHBat feomRivérs g1 &4 K2a(iSR o6& {O02G0A3aK wSySstofsSa yR ¢
YeKS LRGSYGALf F2N) dzaAy3d GKS NRAGSNI YSEPGAY Aa SELX 2NBR Ay (KS
2014:http://www.gla.ac.uk/media/media_344366_en.pdf

'8 See the SEPA abstraction regihtp://www.sepa.org.uk/water/water_requlation/regimes/abstraction.aspx

®The Dee has a flow rate of 3.66¥gec t0571.5mk 4 SO | &4 YSI adzZNBR o6& GKS 4588 Fd tFNJyé |
settlement of Drumoak in Aberdeenshire.

“The Centre for Ecology & Hptbgy, National River Flow Archive Data Holdings:

http://www.ceh.ac.uk/data/nrfa/data/data holdings.html
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does not account for possible climate change effemtsinusualweather events such as a prolonged
deep freeze or drought

100 \

10

0.814 m?/sec flow rate

Flow rate[m?/sec] {log scale)

0.1 ! ! ! ! ! ! ! ! ! !
0 10 20 30 40 50 60 70 80 90 100
percentage of time a certain flow is exceeeded during period 15t Oct to 30" April each year

Figurel ¢ River Don flow patterns

3.1.2 River Don temperatures

It is important to develop a good understanding of tlier temperaturepatterns due to the risk that
the temperaturefalls below the threshold G & LIA O | at Whizhth¥evaporatdr section of the heat
pump canfreeze and potentiallyjdamage the systenA second risk is that the temperature falls below
4°Cwhich would lower the Coefficient of Performance (COP) of the heat pump sydtethe pont
that requires the system to be switched off

Rver temperatures were obtained from SEP2L] who checked their monitoring location for the
waterbody Dyce tdhe tidal limit and provided aummaryof statistics as per table 1 below.

No. samples | Avg.{ Min Max | Std. dev. Start date End date
171 9.76 0.0 21.3 4.97 22Feb2000 { 19Nov2014

Table 1¢ River Don temperature spread

According to SEPAiyver temperatures further up the catchment are likely to be more variable and
have a wider range.

Although theSER figures suggest that for most of the year the temperatures would not fall below
n x given the time period over which the data was collected and the limited number of data points, a
more detailed temperature survey might need to be taken over the winmenths. Rser temperature

data can becollected usingeasily affordableemperature logges [22] placed in the river with typical
reading resolutios of 0.1°Can accuracy of +0.2°@nhd canrecord temperature every houover a
period of several monthsSud adegree of accuracyould be sufficienfor establishing the viability of
water abstraction to supply a BHP

L Scottish Environment Protection Agenbytp:/www.sepa.org.uk/
2 Examples include thehermaDat®and Tinyttagmodel ranges.
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3.1.3 A note on ¢imate change effects

Observational weather data collected since 1961 clearly shows that the climate in Scotland has
changedsignificantly over the last 40 years with average temperatures in Scotland increasing by 0.5°C
since 1914nd nost areas have experienced a significant rise in precipitation. This is most pronounced
in winter months with the East of Scotland experiencing6e6% increase and the North and West of
Scotland both receiving a 8% increase in precipitation over 1961 levels. The only notable exception
isduring the summer months the North of Scotland which has seen a decrease in precipitation levels
with same parts of the North West being up to 45% difi28].

3.2 Seawater

Sea water, like any water, has the ability to retain heat for a long period ofdimdedue to thespecific

heat of waterit takes a lot of heat to warm it or indeetd cool it. This allity to retain heat allows
significant quantities oheat to be extracted close to urban areas with high heat demand without
detriment to the marine environmentOperational exprience from the Drammen system indicated
GKFEG I me/ KAIKSN (i &eabSiniease i 3ad yerfoinfake ifickasesdh IS a
2.8%

For a coastal abstractiorgistration with SEP& required. An extraction licence is generally required

for any extraction above 20ffday, this generally means anything above a 4kW water source heat
pump needs an extraction license if the heat pump runs 24hrs a day. Discharge consent is also required
and it is important to consider what happens to the coldettevafter it has flowed through the heat

pump.

The design of seawater intake systems needs to consider a multiplicity of conditions such as scouring,
filtering and corrosion, however, long experience has been accumulated through, for example, the
operation of desalination plant$24]. Laying the pipes out to sea may require permission from the
Crown Estate and the Haour Board.

Some of thessues and potential barrieese:

U Due to the corrosive nature of seawaten the associated infrastructure requirepecial (and
often expensive) materials.

U The sea water intake can be prone to fouling which can be from biological sources, the effects
of corrosion or sludge from ships or a combination of thiasxtors

U Depending on distance from the shoreline, the ocass enclosing the pipes, or the pipes
themselves if caissons are not used, and sea water intake may be vulnerable to anchor drag.

U Obtaining permits

U Pipes crossingr under the beach and breaching the sea wall

# Education ScotlandClimate clange in Scotland
% See the Design Guidelines of Seawater Intake Systbtis//www.desware.net/SampleChapters/D11/D0$02.pdf
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3.2.1 Sea Water conditions and temperatures

Sea water temperatures were obtained from BODZS| for the BODC reference 399068 which is
1.62km from the Seaton energy centre and 1.2km from the shoreline. Temperatures were measured
on22Janm ppH YR NI y3IAS FNRBY codrmx/ Fd GKS &dz2NFIF OS

3.2.2 The Crown Estaf@

In Scotland the Crown Estate manages about half of the coastal foreshore and almost the entire
seabed and has a significant role in supporting pams harbours a& well asoffshore renewable
energy. Their role is to make sure that the assets they invest in and manage are sustainably worked
and developed to deliver the best value over the long term. All their annual revenue profit is paid to
the UK Government.

Over the past 15 yeaithe Crown Estatdarine Stewardship Programme has invested over £10m in
community projects and scientific research to support and enhandeS rhavir@ assetslt might
behoveAH&Pto explore this as a psghle source of funding tbelp cover the cost of sea pipes.

3.2.3 Aberdeen Harbout”

Aberdeen Harbour Board would need to be approached and advised of a planned pipeline
deployment, and also in respect of any future potential of sea extraction in respect of the Harbour
2 I NR @eém ainBiti6rid to construct a new harbour in the Nigg Bay area.

3.4 Rubislaw quarry

Rubislaw garry isa privately owned[28], former granite quarryjocated at the Hill of Rubislaw in the
west end ofthe City. With a depth of42m deep and a diameter oR@m, it isone of thelargest man
made holes in Europe.

The quarry is novilled with waterand thereforeit may be possible to abstract water and return it at
Hx/ €28SNJ GSYLISNI Gdz2NBE 6A0GK2dzi | ROSNERS S®&SO0da
However, no investigation dsbeencarried out due to the remoteness of the site frawistingAH&P

heat networks

Recent research work has been carried out by the University of Strathclyde engineering Department
on the performanceof a reservoibased watersource heat pumgp29].

3.5 Waste water treatment works

Kelda WaterServicesGrampian[30] operateswaste water treatment facilitiesn the NEof Scotland
including at Nigg and Persley. Kelda us@amaaerobic digestion process treat sludgewhich produces
avaluable agricultural bproduct and creates heat and power fitreir sites

“the British Oceanographic Data Centreee:http://www.bodc.ac.uk/

% Seehttp://www.thecrownestate.co.uk/ourbusiness/inscotland/

" Seettp://www.aberdeerrharbour.co.uk/

“The Quarry is owned by Rubislaw Quarry Aberdeen Lingite:www.rubislawquarry.co.uk

# pAssessing the performance of a resendmaised water source heat pumplSc thesidy A.C.Morton, 2013.
% Seenttp://www.keldawater.co.uk/ouroperations/kwsgrampian.aspx
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determine whetherKeldareturns warm water to the sea or riven the event a mee proximate heat

network was being considered as part of a future expansikirere are instances of waste water
treatment plants in Norwaynd Japarwhereby the relatively warm waste water is used as a feed to a

water source heat pump
4. Some important onsiderations

4.1 System monitoring

AH&P use abuilding energy management system (TREND) with the principal role of monitoring
temperatures and pressures at crucial points in the thAddé&Pnetworks TREND enables problems
such as leaks or poorly perforngircomponents to be timeously identified. In addition there are gas
and heatflow meters at various points in the systefihe deployment of a WSHP would necessarily
require the installation of additional monitoring instrumentation.

4.2 Available Supply Cazity’* (ASC)

ASG NJ a | @ I réfdrsltodtte roting af electricity that the Distribution Network Operator (DNO) is
required to make available for your site. Essentially, it is the maximum electricity you can draw from
the grid at any one momentvithout incurring hefty financial penalties.

ASC is measured in Kilo Volt Amperes (kVa), and fehdaify metered sites is charged on a monthly
basis as a standing charge. Any site with a requirement of 100 kVa should-heur&ffmetered.

If AH&Pinstallsa 4MW output heat pump then thereould be an additional ASC charge to cover the
supply of electricity from the gridirect to the heat pump. This requirement would be necessary to
cover periods when there was insufficient electricity generated by the @lEift for the WSHSP.
Alternatively the system could be designed such that the WSHP \beutcwered dowrif there was
insufficient generated electricity available to run the system

Assuming the WSHP is running at full capacity then the electric demantendl|378.5kW which
corresponds to approximately 250kVa and translates to &2£0 daily charge 0£76,650per annum

4.5 Cooling water

The water returned from a WSHP will be ah approx. 2°C lower temperaturthan the extracted
water which makes it poterally useful for cooling purposes buildings suchas office blocks,
laboratories and, in particular, data centrds. Aberdeen there are existing datacentres, as well as
centres under construction suctie brightsolid [32] Tier Ill Data Centre located #te Aberdeen
W2dz2NYIFEaQ [Fy3 { N OK{iO aridsSo

The integration of DH and data centres is well established in Sweden and Finland where DH companies
take the surplus heat from the centres and, in what appears to be a growing trend, supply cooling
water to centes as well as other public and commercial buildii3g.

% For more @tail see:http:/utilitiessavings.co.uk/resources/availabupply-capacity/
%2 Seeprightsolid to open Aberdeen Data Centf8 Oct 2014:
3 Helsingia Energia have produced as useful summary on District Caotiogting solution for gfiate challenges
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The cost of cooling is high in the UK wiktwh of cooling cosihg 3p to produce34] andtherefore the

sale of cooling watercould be avaluable source of income foAH&P However, 8 with DH, the

delivery of cooling water would require the construction ofab-surfacenetwork of dedicated pipes

with concomitant civils costalbeit the level ofnsulaion need not be of the same specification as that

used by heating pipes and the cost of civils cdaddffset in situations where heating pipes are being

laid as part of the same project

A recentworkshop[35] jointly organised by th&JK District Energy Vanguandstworkandthe RESCUE
[36] project addressd theopportunities and challenges of distriadolingin the UK.

4.6 Thermal stoage

Water based thermal stores as large as 20r@dBave been use reliablyfor decades in the context of
DH networks. The use of an appropriately sized thermal st@aengsidea large WSHPRN a heat
network enables a grear flexibility of system operation, in particular, enabling MW&SHPo be un
during the nght when there can be a surfeit of supply of electricity and a shortagkewfandacross
grid, and the potential for lower tariff chargeShe WSHP can then be shoif or run at partload
during the day tgpermit maximal electricity production from the CHplant.

The benefits of including thermal staige have been demonstrated in several studies particular,
increasel operational flexibility ofthe system improved balance sheets, greatetilisation of plant
and lower GH@missions.

4.6.1 Cost of thermal store

The cost for buying and installing a thermal store larger thafi &m not listed in catalogueshich
reflects the requirementor larger stores to beabricated to fit a specific site arldHsystem.

According toa Tyndall Centre studf37], the cost of thermal storage is approx. £1,000Avhereas a
recent study by UKERQGS] indicates that for tankbased thermal storesystems with a volume of
around 300n, typical of DH systems in the UK, a cost of approx. £39twuld be expected.

5. Heat Pump system

5.1 Case t locating the WSHP at the Seaton energy centre

% Conversation with David Pearson of Star Refrigeration, 14 Nov 2014.

En July 2014 the District Energy Vanguards Network met for a workshop on Smart Cooling in Urban Europe. The workshop agenda
(with links to presentations) can be fouhére.

%The project REnewable Smart Cooling for Urban Europe aims to address the key challengdsiffilvethéevelopment of

district cooling using low and zero carbon sourdetp://www.rescue-project.eu/home/

%" The potential for thermal storage to reduce the overall carbon emissions from distridnbeststems, Jan 201Byndall

Working Paper 157
38UKER@tudy. The Future Role of Thermal Energy Storage in the UK Energy System, 25 Nov 2014.
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The Seatorenergy centre andhetwork is the most extensivef the three sites operated bAH&P
Current heat demand is approximately 25GWh per annum with an annual demand growth rate of 4%
as more buildings are connected up.

Theoutgoingflow temperatureat Seaton is typicall§0°Cwith a return of50°Cduring the cold season
and 75C with a returrof 50°Gn the warmer part of the year.

The Seaton energy centre has sufficient spa
to house the WSHP and it is also only 500
from the shoreline and 850m to the centreling
of the mouth of the River Don. In both cases
the WSHP feed pipes would need taverse a
municipal golf courseand possibly a football
pitch.

Of the two water sourcesthe mae desirable
would appear to be sea water extraction due t
the more stable temperatures and potentiall
easier accessto the shoreline via an existing
opening under the Beach Promenadén the
case of the River Doroute either a busy road
would need to be closed while pipelines wer
trenched or directional drilling would need ta
be undertaken using specialised equipment.

5.1.1Sea water jppework construction l' 'l

|

A specialist subcontractor will have to be , ; ;

engaged for the pipe laying. ~»f,@ago,h‘Energy Centre ; | §
HDPE pipeg39] of 350mm diameter with a N /i , ;:

” : 1
length of approx. 1,600m should be appropriai  Figure2 - possibleroute for sea water pipes

and sufficient. The return pipe need not be as long as the intake pipe.

The pipes will need be tion the seabed and anchored by fitting concrete weight rings
(anchors/blocks) and fastenings. A summi@@] of the necessary operations might be as follows:

a) Carry out a survey of the sea bed to be able to plan required operations before laying the pipes.
b) Use crane to fit concrete weight rings onto the HDPE pipes floating over the sea surface then
position the pipes.

c) Prepare offshore and onshore trenches for the pipelines. In this regard, the predetermined route
on the seabed would need to be excavated, difed, graded, and levelled by using a floating
crane, underwater stone crusher, hydraulic polyp grab, and rock drillers. On the sea bottom, rocky
parts would need to be broken and holes filled.

% Seenttps://plasticpipe.org/pdf/high_density polyethylene pipe _systems.pdf
“This summary is based ordascriptionof the construction of the seawater intake pipelines of a desalination plant in Libya by the
ARAS company.
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d) The onshore part of the HDPE pipes will be laid into the trehgy onshore by using a land crane
and excavator.

e) The offshore part of the HDPE pipes and the intake heads will be submerged into the sea and laid
into the trench at predetermined coordinates by a floating crane and tug.

f) Additional concrete weight anchemay need to be fixed onto the submerged pipes.

g) Sacrificial anodes may need to be installed on metallic parts of the equipment for cathodic
protection against corrosion.

h) During the pipe laying and in its final position, stress and tightness analysesedlito be done.
Underwater flange connections will need to be tightened by divers using a torque meter.

i) For cleaning, maintenance, and repair works of the pipeline system a pig launcher system
connecting the basin and the HDPE pipelines will possibly teebd installed, fitted and aligned
onshore.

J) Marker buoys will possibly need to be installed by using GPS at predetermined coordinates for
establishing an offshore warning system.

k) After the pipes and intake head are laid and the trench backfilled, ingpecdtives may be
necessary.

[) Final levelling of the pipes and intake head may need to be made by using water jets and
underwater rock drillers and the spaces under them filled by placing fabric formwork bags. Fabric
formwork bags may also be used for scpuotection by placing these around the pipes and intake
heads along the route of whole pipeline.

5.1.2 Water extraction from an open loop borehdfe

Consideration might also be given to the abstraction of groundwater from thesatface area close

to the energy centre AH&Punderstand that usable quantities of water would be available as the
water-table is close to the surface in the Seaton areéthough this would rguire to be fully
substantiated Such an abstraction requires the sinking of one or moesholes for extraction
together with one or more boreholes to enable the recharging of the groundwater or discharging the
cooled water to a water course such as a stream or the sesubmergible water pumpvill be
installed at the bottom of thebstradion borehole.

Assuming the WSHP ran continuously for 24 hours at full output, then the maximum daily water
requirement would be 21,172f The extracted water temperature needs to be above 4°C and the
water might need to be filtered depending on the maximyermissible particle size for the primary
loop. The will also be maintenance and flushing consideratid$&Pwould need to apply to SEPA for

an abstraction and a discharge license as there a risk of Groundwater deptkt@no excessive
pumping[42].

An important aspect of borehole extraction is the use of sand packs around the lower section of the
well which filter the ground water as it flows into the slots set into the PVC casing at the bottom of the
well.

“Fora summary of borehole heat pump systems, bée://www.eartheat.com/boreholeheatpumps.html
*2For a description of the causes and effects of groundwater depletiorheee
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Boreholes have to be specifically desigremdund parameters such as the amount of water to be
extracted, the suksurface geology and the depth required. Cost escalation can occur if, for example,
the well needs to be drilled deeply or if the geology is difficult which then may require steer rathe
than PVC casing for some sections of the well. However, once drilled and commissioned a well can last

for many decades.

5.1.2 Water extraction from drench

Due to the proximity of the river Donhére is areasonablepossibility that the area around éhSeaton
energy centre is underlaid by gravétem alluvial depositsaturatedwith seawaterin which case it
would be straightforward to extract significant volumes of water via a large tré48h Such a trench

would be approx. 1m width by 3m in lengtith a depth of 5m and supported internally by concrete
rings. There would need to be approx. 100m between the trench and the discharge location. To
establish the suitabilitpf the area for extraction a survey would need to be commissioned to establish
the depth and extent of the gravels. Typically a series of boreholes of 8 to 10 inches in diameter and
approx. 10m in depth would be drilled. SEPA might also have information from their records.

“*3 Erom a conversation with Michael Moggeridge of Land & Water Resource Consultahtf$/R@ (
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5.2 Case 2 locating the WSHP at the Tillydrone energy ceat

The Tillydrone energy centre will be completeg
early this year and will initially house a natura : A

gas fired CHP engine with a capacity @ ' Lo o T
1,06XkWe. The centrehas sufficient spare floor & -
area and ceiling height to house a WSHP and &
relatively close (~0.3km) to the river Don.A
short distance downstreams the site of the
flume of a formerpaper mill where the river
flow was initially used as a power souread |
subsequently as a point of water abstractio ?
The route to this point is ~0.46km and ig*
depided in redin Figure 4 with the shorter route §
in yellow. :

The schemg which is currently under | &
construction will initially supply heat to seven|
blocks of flats with an estimated heat demand of.
5,384MWh per annum. To justify theg
deployment of a WSHP an atidnal heat s sl \tll) s
demand of perhaps as much again would have Figure3 - Google Earth image of notional river pi|
be found. routes for Tillydrone scheme

The cost of the water extraction infrastructure from a fresh water source is approx. 20% cheaper than
that for sea water extractiof32].

5.3 A generalised case applicable to Scottislasi@l and riverine settlements

Coastal communities, defined as within 5km of the coast, make up 41% of the total population of
{020t yRY gAGK cyz 2F (GKS O2Fadlrf LRLzAFGA2Yy f
urban areas such as largetoiwn YR OAGAS&ad mm: 2F GKS O2Fadlf L
O2FailiQ 6KAOK O2yairaida 2F avltt (2 6¢estryland4d. NHzNI €

There are 153 settlements in Scotland with a population in excess of 448)0For non-coastal
settlements the majority have practical access to a large volume water resource such as a river, canal
lochor reservoir.

Some of these settlements will be effainsgas[46] and some will host areas which have high heat
demand such as higdensity housing estates or industrial and commercial zones. It is this subset of
settlements whichmight be potentially suitablefor a WSHP thermal storage and heat network
combinationwhich, with some coordinatigncould benefit from economies of scasénd improving
supply chain performance

MCNBYORGE | YROA (2 WAYISER I @A Sy Lyadaddzis

45 C N2 Mid-2012 Population Estimates for Settlements and Localitiesin Scétland b G A2y f wSO2NR& 2F { 02
6 Around one third of Scottish houses are-oféins gas mainly in small towns and rural areasf which roughly one quarter will

be local authority/housing association properties. Scotland's Renewable Heat Stfaesmymmendations t&cottish Ministers
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Such acombinationcould alsomakeuseof a biomassboiler as theprimary heat source which would
require acoveredarea for fuelstorage but would not incuASCcharges.

5.3.1 WSHP, thermal storage and grid balarge

One advantage of using a WSHP over a biomass boiler is that a 8&W@HMPe a useful consumer of

grid electricity for periods where there is generation surplusdmsumptiondemand.The imbalance

between powergenerationand consumptionis reflectedin theW{ SG G f SYSy i | yR ¢ NI R
the Balancing and Settlemetode (BSQ#7] or, alternatively, the system frequencgan beused as a

measure of the state of balance of the systgA8]. These imbalances can be resolved via the
temporary measure btaking generation offline with consequential paymest] y2 ¢y | & G O2 Yy a
OKI NBSa¢ ¢ KA BRBIMNBER it tal S Rtishibgisedvgenerators in 2014 as per figure
overleaf

Summary of costs of constraint actions taken in 2014
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4o T I [ A S L [ [ R [ [
ED 1 1 1 1 1 1 1 1

0 - R R B . H P anaaee e T e B S

40 +--------- Ao m o e Lo dle———mmm e ———— o I I be————— e 4-— - Lo

30 [ e e e e

Charges - Emillions

20 +-- [ SN - SN S S S S —

PREN  EEEE  EEEE S E—— S S SN S

Jan-14 Feb-14 Mar-14  Apr-14 May-14 Jun-14 Jul-14 Aug-14 Sep-14 Oct-14 MNov-14  Dec-14

Figure4 - constraint charges for Scotlanaind rest of UK 201{49]

4" Seeherefor a detailed explanation of the wholesale electricity market.
8 See the National Grid electricity operational informatizages
“9Taken from the National Grid monthyalancing services reports
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6. Seaton esults

The resultslescribed in this sectioare derived from successive energyBimulationsfor the two
systemcaseslabelled A) and Bjs per figures 4 and 5 below.

The simulations for théwo cases cover a peria of 15 years with heat demand increasing by 4% per
annum

Eachsimulationwas run through energyPro both with and without a 20Gtrermal stoe.

Chart outputdfor simulationswithout a thermal store are depicted with abroken lineandare labelled
Yb i Qe chart legend

Thetwo systemcases are as follows:

A) Two 1,063kW¢1,300kWth) CHP plants andne 2,934kWthWSHP as per figure below.

1000 kg | St H‘ﬁ' - | 22000 MWh
> & §&> |2t gy —
Lr—= _ 1 ) G.28 Mih
I I
Elec Heatpump - Heat sold
Thermal
store
108§ KW >
2BD4 bW - 1300 kW ] 2459.90 MWh

N
Gas engine 1

1083 KW
2894 bW - 1300 ('\."‘:|
el B |
N
Gas engine 2

11 KWh/Nm3
-

Fixed Tariffs
) —

o 1 n {User def.)
4720 bW 4000 KW Rt !
T E I ——
I
Fixed tariffs

Boilers

Figure5 - Proposed CHRVSHPand boilersystemcasefor Seaton
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B) Two1,063kWe(1,300kWth)and one 2,679kWe(2,646kWth CHP plants as per figure below.

| 23000 Muvh
} 6.26 Muvh
N
- Heat sold
Thermal
2 2BTO KW store
8141 .9 KW e lal 2548 kW
A |
N
Gas 2679 A 245550 Mwh
I
Other
1083 EW
2824 KW - ”I 1300 kW |
e B |
I
Gas 1063 B
1053 EW
e B |
I r w =

Gas 1063 C » Fixed Tanifs

11 KWh {Usar daf)
EWh/Nm3 lH =)

3 —
— 4720 kW 4000 EW
Fixed tariffs
Natural gas
Boilers

Figure6 - Alternative CHP and boiler systenasefor Seaton

6.1 operation

6.1.1 Electricity production

The chart below depicts electricity exported to the grid. F& YMSHP case A) there are two CHP plant
producing electricity but with mincreasingproportion of their total production27% in 2015, 48% by
2029)being used to drive the WSHP and its associated water extraction pump.

Projected electricity export - Seaton site
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Figure? - Electrictyexport MW hours per annum
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6.1.2 Gas consumption

Clearly, the consumption of gas is markedly loweMit8HRcaseA) with consequential lower gas costs
and CQemissions.

Projected gas consumption - Seaton site
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0 e
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2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Year
Figure8 - Natural gasconsumption
6.1.3Case Auutilisation

Utilisation of theWSHRnNcreases to meet growing heat demand witbnsequentiabut less marked
increase in CHP utilisatiohhe effect of a thermal stors alsonotable in reducing boiler usage.

Plant utilisation: case A) WHSP
90 +--—-- —— S S E—— S S —— P S S P — —— P .

utilisation as % of hour s per annum

10 R e e -~ —WSHP e CHP Boilers

= = W5HP N§ == = CHP NS Boilers NS

0 R . .
2015 2016 2017 2018 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Year

Figure9 - Plart utilisation for Case A)
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6.1.4 Case B) utilisation

Utilisation of the CHP plant increases to meet growing heat demand more markedly than in case A). As
with case A), the effect of a thermal starerelation to boiler usages also notable.

Plant utilisation: case B) CHP

70 ~
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10 ...... ...... ..... — ...... ...... ______ — CHP Boilers
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2015 2016 2017 2018 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Year

Figurel0- Plant utilisation for case B)
6.1.5 Boiler heat output

In both case Apnd B)the effect of a thermal storés to reduce the dependency on peak load basler

Projected boiler output

10,000 1----- . T — . T — . P — . e — . e |
9,000 f--- ———WSHP ——CHP e R — bee deeee [ e Hemmmedls 1
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Figurell- Boiler output for case A) an@&) with and without thermal store.
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6.2 Financial model

6.2.1Thenon-domesticRenewable Heat Incentive (RHI

The RHI is a payment systdan the generation of heat from renewable energy soureesninistered
by Ofgemand similarto the Feedin Tariffsscheme for renewable electricity. It became actiwethe
UKon 28 Now2011for nonr-domesticheat production

RHI is a kesneasure formeeting the Scottish target of 11% of heat demand from renewables by 2020,
and is intended toplay an importantrole in decabonising the heat sector by 2050, with significant
progress being made by 2030.

6.2.2Summaryof how RHI works

RHI payments are made quarterly at a certain amount per kilowatt hour (kWh) of heat generated from
the WSHP How much RHI payment recet/depends on:

0 The type of technologynstalled.
U Howmuchheatthe WSHP can produce (its capacity)
0 Howmuchheatisactually usd.

WSHP RHI tariffs haveo LJF @ YSy G NJG & & NEtEeiés A gaipaitl up to a certain limit
and, f more energyis usedbeyond this limit the rest of the energy is paid at the tier 2 rate.

Nondomestic installations receive RHI paymebtsedon the total measured heat output ahe
WSHPand therefore eat and electrical metering will need to be installed to monitoe usage and
performance of the WSHP

6.2.4 Tariff

ForWSHPshe tariff is split in two parts, 8.7p/kWh for the first 1314 hours of operation, (a 15% load
factor) and 2.6p/kWh for any operation above 1314 hoi@]. The tariff structure is designetb stop
the generaton of heat for the purpose obverclaiming the tariff

Ofgem is responsible for publishing quarterly tariff tables showing the tariffs that will apply for each
GFNAFTF LISNA2R F2ff2¢6Ay3 59/ / Q& ljdzr NISNI & GFNRTFT

59/ / NBOJAS g dexpéritire oréddass bag@ én the number of accredited installations and
announces any changes to the tariffs that will apply in future. DECC advises whether any tariffs will be
reduced, the level of reduction, what the new tariffs will be, and when tha@y take effect. The
maximum level ofeductionfor any quarteE ¢ KA OK A& | f &2 islsefatbyw. I 4 AGRA3

A workedexampleO 'y 68 T2dzy R A Nondomedts R Huidark e \bolunie S w@ngoing Obligations an
Payments (Version 3.1) pages 35 and 36
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6.2.5 Projectednet cashinflow and the effect of RHI

To ascertain the viability ajenerationplant purchases an income projection wasdentaken using
currentprices for gas purchase apér unitheat and electricity saldsut with an expanding heat

RSYFYR o6FaSR 2y (GKS | @SNI 3S LINTbe&Eeprajettionsé&rS | NE Q I NP
depicted infigure 12belowandare based orestimated AH&Pcosts,results from energyPrand
parameterssuch as current Ri#riffs aslaid out inAppendix B Thenoticeableuplift in cash inflow in

2024 marks the completion of the loan repayments.

Projected net cash inflow

1,400

1,200 |- WHSP + RHI w— CHP s WS HP no RHI ________ ________ ________ L _____ RN

WHSP + RHI, N5 = = CHP N5 = = W5HP NS, no RHI :

1,000 -

£ thousands

200 -

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Year

Figurel2- Income streams for ase B) and case A) with and without RHI.

The projections confirm the crucial role of RHI in making the WSHP case viable and also suggest that
the addition of a thermal store would improve the income stream sufficiently to pay for its own cost.
The benefitof a thermal store for the CHP case B) is not so apparent and points towards the need for
more detailed modellingThemodellingof the systems uncertain dugnot least,to the price volatility

of natural gas as depicted in tfigure 13 below.

Henry Hub Natural Gas Spot Price

Dollars per Million Btu
15

1598 2000 2002 2004 2006 2008 2010 2012 2014

— Henry Hub Natural Gas Spot Price

Figurel3- Price volatility of natural gas
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6.3 Carbon savings
6.3.1 Methodology and calculations

Carbon savings have been calculated by taking into account key greenhouse gas releases, primarily
CQ, from the following energy consumptigrocesses:

a) Energy consumed by the CHP plant, WSHP and boilers to produce electricity and heat (Fplant).

b) Energy saved by not running individual domestic boilers (Fsave). This figure is based on annual
heat sales of 23,000 MWh/yr.

c) Electricity not drawn dow from the grid due to the operation of the CHP plant both with and
without thermal storage (Egrid).

d) Energy used in production of the WSHP, thermal store and associated installation such as
FRRAGAZ2YFE O2y GNRf AyailNHzy SYWiDI2IRMSYR SKASOEE 8 E (
Conversion factors were applied to the above energies to give the amount of carbon saved in terms of
tonnes of C@per annum expressed as follows:
| & @S I 6 Calt &faptiCyyd Kem & 2EQrid*Clgrid)/1000
Where:

Cng is the mass of g@mitted per unit of energy from burning natural gas.

Cng is derived from the calorific value of natural gas (CVng = 39.6 K)Jhnverted to heat
value (HVng) and the mass of €€mitted per normal cubic metre (Mc=2.178 kg0n’} as
follows:

HVng = 39.6 * 1000 /3600 = 11 kWh/Rim

Cng = 2.178/HVng = 0.198 kgCO2/kWh
"02Af A& GKS STFFTAOASYyOe 2F R2YSaGA0O O2yRSyaiy3
Clgrid is the grid carbontensitywhichhas a time dependent value according to the year.
6.3.2 Carbon emissions from embodied energy

The carbon emissions derived from the embodied energy ottleemal stoe the water source heat
pump and associated installation need also to beetainto account.

Using figures from the Tyndall Centreermal storage papef35], thiswould be 153,631 kg of G@r
a 200nd thermal store which, over a nominal 25 year lifetime of the store, equates to 6.1 tonnes of
CQ emissions per annum.

Using madz¥ I OG dzZNBNRa RIFEGFX GKS 2LISNIGAy3a gSAIKG 27
embodied energy of steel is 1,770 kgfi@hne and therefore a very approximate guess would be
30,000 kg of COwithout taking into account materials other than steeistrumentation or welded

joins. To enable a figure to be included into the calculations, a multiplier of 2 has been used which
gives we get an additional 2.4 tonnes of,@@issions per annum over an estimated 25 year life cycle

for the WSHPIn the absace of time and data, the addition2|679kWeCHP plant in case B) has been
taken into account with the same value.
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For future considerations, it would be useful to establish a more accurate value for the embodied
carbon of a range WSHPs via an approadhéananufacturers.

6.3.3Carbon savings to Z®

The electricity produced from CHPH systems contributes significantly towards not only their financial
viability but also the argument for supporting CHP as a low carbon energy source through the saving of
higher carbon content electricity which otherwise would have been bought from the grid.

The CQ@ emissions saved by reducing the demand for electricity supplied via the grid is typically
assessed by using an assumed grid emissions rate known as the Grid Carbon Intensity
GYIFWHA SYAaaAizya FlLOG2NE 6a9C0O0® a9 Gaits: HechFwhK A I K S N,

average emission factors because the power stations that will year low MEFs  high MEFs
be typically switched off in the short term (or not built in the 2015 0.341 0.426
long term) in response to a reduction in electricity demand are 2016 0.331 0.414
likely to be marginal plant such as n@HP gas fired power 2017 0.321 0.401
stations rather than coal, hydro, wind or nuclear. 2018 0311 0.389
2019 0.300 0.375

For those CHPH systems which are fuelled by natural gas as
opposed to Energy from Waste (EfW) or biomass, an accurate 2020 0.288 0-360

L , . - - 2021 0.276 0.345
estimation as to which MEFs toeuss crucial in determininghe

. . . 2022 0.263 0.329
degree to which these systems have a comparative advantage in >023 0248 0311
terms of emissions savings over competing forms of energy ' '

_ 2024 0.235 0.294
generation. However, the recent Government methodology

. 4 s oa P 2025 0.219 0.274
paper for emission factorfbl] & u | U S &romR&LB é@misa&ion
factors per unit of electricity consumed will no longer be 2026 0298 025
ac? P _ h y DUV mighss 9 2027 0.186 0.233
provided, since these were being previously mistsed 5028 0,165 0.210
Therefore, for the purposeof this study two sets of gd 2029 0.149 0.186

emission factorshave been used with the first set errine
towards lov (i.e. optimistic) MEFs and the second set deriv
from the first but 25% higher as per tale

Table2 - marginal emissions factors

Figure 14 overleaf depictbe projected emissions performance of the Seaton systentase A) and

B) based on the MEFs in table Clearly and predictablycase A) using the WSHP is the more
sustainable due to the heat pump lowering the consumption of natural gas compared with case B)
with the 2,679kWe CHP plant

It should be noted thatase Bpecomes a net carbon contributor by 2022 where low MEFs aréempand
2025 for high MEFs.

*12013 Government GHG Conversion Factors for Company Repdttitgpdology Paper for Emission Factors
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Projected carbon emissions savings - Seaton site
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Figurel4- Projected carbo emissions savings

6.4 Discussion of results

The results confirm that MRH&Pgo down the route of buying a WSHP rather than an additional CHP
plant then the emphasis ofhe Seaton site operation will become more orientated towards heat
production at the expense of electricity sales.

The predicted income stams demonstrate that the RHI makes acquisition and commissioning of an
appropriately sized WSHP a viable route thetaf AH&Pis to meet anticipated heat demand. Taking
into account a quoted initial cost of the WSHP and that of the water extraction infrastructure, the
expected payback period would be of the order of ten years at using a loan at 3.5% per annum.

The altenative case of acquiring for a CHP uni2@79kWeoutput has attractions compared to the
WSHP case:

0  Alower initial costof approx. 68% of the WSHP and associated infrastructure;

U Greater electricity saleby a factor of two initially rising to a factof four by 2029 although
this is offset by lower gas consumption for the WSHP;

U Less importantlyAH&Pare familiar with operating this type of technology.

However, there is a risk that AH&Pcontinue to rely on gafired CHP plant anthe grid electrigy
carbon intensity falls to approx. 0.263kg@l®h then the Seaton site will be a net contributor of
carbon emissions rather than a net saver as it can be shown to be at present.
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7. Conclusionsind proposals

In the course of this yeaAH&Pwill needto make a decisioas to how to expand the capacity of the
Seaton system to meet growing heat demaiitie modelling of the Seaton system demonstrates that
both the upgrade optionsinder consideation, namely aVSHP and an additional CplBnt are viable.
The following points may help to inform the deliberation:

Cost:

The capital cost for the size of WSHP under consideration is apftoxdepending orthe
type ofwater sourceabstraction and associated construction costg. sea, riveor ground
water. Bycontrast, theadditional CHP plant consideread this studywould costapprox.£2.1m

The RHI makes the purchase of a W@H#tactical proposition; moreovesince AH&Pcan
divert electricity from existing CHP plant to power the WSHP without incuA8@charges,
the potential viability of the WSHPfisgrther enhancedSee section 2.5

In boththe WSHP and CHfase an application for a low interest loan to tbéstrict Heating
Loan Fund52] and/or other funding sourcewill need to beconsidered

Busiress model:

If AH&Pwished to avoid the capital costnd riskof purchasinga WSHP then consideration
might be given to a installation and maintenanceagreementwith the WSHP provider
whereby the provider installs and operates the WSHP plant and sells toe&H&P at an
agreed price and period of time e.g. 10 years, after whiet&Pis given the option of buying
the plant at a depreciated costhismodel is often referredtd a | y withi@&nP K / h €

Carbon footprint

In relation to carbon emissions, tmeodellingshowsthat the WSHP has a significant advantage
over an additional CHP plamtssuming that grid decarbonisation continues at the current rate
and that CHP plant &8H&Pcontinues to use fossil fuel derived g&ee section 6.3.3

Familiarity withtechnology

Personnel ahH&Pare already highly experienced in relation to CHP plaitH&Pgoes down
the WSHP route then stafffould be a need tdbe trained as WSHPs are based on quite
different (refrigeration)technology

Resilience

Theinclusion d a WSHRN the generation portfolio ofAH&Pwould increasehe diversity of
heat supplyand therefore enhancé¢he resilienceof the systemprovided areliable source of
electricitycan beguaranteed

52 The District Heating Loan Fund offers loans to support the development of district heating networks in Scotland.
Further information on accessing the scheme is available franEnergy Saving Trust
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Risk:

While the technology of installation a WSHP mayubderstood or gained, there is a perceived
risk on development of such a project in respect of licensing and technicalities of extraction
from the sea. Thework flow itemised under section 5.1.1 would need to be carefully
researched in respect of poteat capital cost implications and effects on the environment
and marine life, along with the timescale required to plan and implement such measures.

If AH&Pwish to consider the acquisition of a WSHP thestetailed study of the optimum method of
extracting local (salt) water sourcesvould need to be commissionealith a specialist companyf the
result of this points towards abstraction from the sea, thenagproachto the Crown Estate Marine
Stewardship Programmer other sourcewith a funding proposalo help cover the cost of sea pipes
could be considered.

In the longer term here are other, more general avenues of research which might be usefully pursued
perhaps as a joint venture with one or both of the Aberdeen based Universities and the Cityl@sunci
follows:

0 The compilation of a detaileshap consisting ofocalheatingand cooling demand which might
be satisfied in the futuréby heating and coolingetworks as part of atrategicenergy plan for
Aberdeen. Examples such as the possible utilisataf low grade heat frona waste water
treatment plant or the need to satisfy cooling demand from server centvesld be relevant
It is envisaged that this project would work in with the Scottish Heat Map pr{p&t

U An investigation into electricity ahheating provision for ships berthing at Aberdeen Harbour
as is being done in Gothenbufg4]. This is especially important due to the consistently poor
air quality in some parts of Aberdeen and is already the subjecbosiderationby the City
Council.

U Further research might usefully be carried out to evaluate the feasibility of WiBHER and
thermal storagdor grid balancings outlined in sectios.3.1
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Appendix A¢ assumptions used in energyPro modelling

A.1External Conditions
Timeseries Outdoor temperaturg®C]

Daily outdoor mean temperatures pertaining to the test case locale were obtainedtfirerdS based
National Center for Atmospheric Research (NCAR) reanalysis pi&8ctand the UK based
Met Office[56].

Planning periodJanuary to December

Average| Minimum | Maximum
January 3.7 -4.6 7.6
February 3.8 -1.6 9.2
March 5.7 -2.3 9.6
April 7.9 3.1 14.2
May 11.2 8.5 16.4
June 14 9.9 18.6
July 16.1 12.3 21.2
August 15.8 13.4 19.8
September 13.5 11.1 16.2
October 10.5 6.8 15.1
November 6.5 -0.6 11.6
December 4.6 -2.6 8.4
12 month period; 9.5 -4.6 21.2

A more detailed analysis might da#ly introduce wind speeds as an additional time varying external
condition.

A heat value for natural gas of 11kWh/Rimas assumed.

A.2 Heat Demand

Based on accumulated data from the Seaton operation, heat demand was modelled as two
components:

U The fixeddaily demand consisting of hot water and network losses accounting for 19.6% of
annual demand.

U The weather dependent component accounting for 80.4% of annual demand.

®us government Climate Prediction Centrgp://www.cpc.ncep.noaa.gov/products/wesley/reanalysis.html
% UKCP09: Gridded observation data shtip://www.metoffice.gov.uk/climatechange/science/monitoring/ukcp09/
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A basicdaily heat profilecyclewas assumed as per table and figure below where 10 msres the
maximum daily demand.

Time Ratio

04:00 7
05:00 8.5
06:00 10
: 09:00 9
H 10:00 8
16:00 9
17:00 10
21:00 8
22:00 7
Sun DVOTAZ | Won 020Nz | Tue 0301112 WOz Toosoinz | Faosourz | saomounz | snount 23:00 £

A.3 Energy Units
A.3.1 CHP units

The Seaton energy centre currently supports two natural gas fBEdenbacher J326ngines which
normally run at an optimal maximum output with an overall efficiency of 81&8#ever, each unit
can be efficiently modulated to 50% of maximum output as per table beltw.characteristics of the
additionalJenbacher J616sed in the modkiing are also tabulated.

Jenbacher J320 Jenbacher J616

Fuel Heat Electricity Fuel Heat Electricity

(kW] | [kW] | [%] | (kW] | [%] kW] | [kW] | [%] | (kW] | [%]
28940 1,300 | 449 | 1,0630| 36.7| | 6,141.9] 2646 | 43.1 | 2679 | 43.6

1447.0| 650.0| 44.9| 531.5|36.7| | 3,0709 | 1,323} 43.1 | 1,340| 436

Each engine was assigned a minimuperation time of 4 hoursand has on average six annumein
availability period®f eight hours spread across the year for servicing.
A.3.2 Peak load boilers

The Seaton energy centre is currenslypported by atural gasboilerswith an overall efficiency of
84.7% which provide up to 4,000kW of heat to the networke boilers were assigne minimum
operation time of 1 hour
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A.3.3 Water sourcdeat pump

The WSHP has a minimum operation time ofaurhand coefficient of performance dependent on
output as per the table below.

[kW] [kw] [kW]
2,934.1 927.5 3.16 72.5
1,457.2 484.2 3.11 36.0
740.7 298.8 2.48 18.3

An additional electrical load has been addeddo the pumping required for the river or sea water
extraction
A.3.4Thermal store

A thermal storewith a ret volume of 200nT and ilization of 90% was optionally specifiedhe
temperatureat the top of the storewas set to 80Cand to ®°Cat the bottom giving adifferenceof
30°Cand a @pacityof 6.3MWh

Storage thermal loss was not modelled due to time constraints.

The store volume was chosen to cover one hours of heat demand at maximum load during the cold
period.

A.3.5 Operation Strategy

The @erational strategy gives the WSHP priority during the nigist per table:

Priority of . Production to| Partial load
. Day | Night
productions store allowed allowed
Gasenginel 1 1 Yes Yes
Gasengine2 2 3 Yes Yes
Boilers 10 10 No Yes
WSHP 3 2 Yes Yes
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A.3.6 Emissions
Constants used to determine emissions:
CQ | All Production units 2.178{ kg /Nnt Imported Fuel(Natural gas) / Heatalue(Natural gas)
FC(Gas engine 1) + FC(Gas engine 1)) /
NOx | Engines 7.27 | gram /Nn? (FCt gine 1) ( gine 1))
HeatValue(Natural gas)
NOx | Existing boilers 599 | gram /Nn? FC(Boilers) / Heatalue(Natural gas)
SQ | All Production units 0.01 | gram /Nn? Imported Fuel(Natural gas) / Heatalue(Natural gas)

Appendix Bg inputs usedfor projected net cash inflow

B.1 energyProinputs (first year)

Electiicity Electric WSHP

Configuration produced consumed Heat produced Operation Gas consumed
MWh/yr MWh/yr MWh/yr Hours Nm3
Base case 15,490 4,514,161
WSHP no store 11,968 3,215 9,124 4,929 3,159,969
WSHP with Store 12,221 3,492 10,019 4,689 3,099,415
CHP+ notere 23,494 17,879 5,282,799
CHP+ with Store 24,099 19,046 5,278,357

5¢KS olasS OFras Ada GKS OdNNByd LXFyd Fd {Stdz2y |

B.2 Other parameters

Parameter Value Units
Capacity WSHP 2,934 kWth
Capacity CHP 2,646 kWth
RHI- Tier 1- 8.7p/kw 8.7 p/kWhr

Tier 2- 2.6p/kw 2.6 p/kWhr
Period of loan 10 years @ 3.5%
Duration of depreciation 20 years
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