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ASHP  Air source heat pump

AQMA  Air Quality Management Area

BAU Business As Usual

BEIS Department for Business, Energy and Industrial Strategy
BGS British Geological Survey

CAPEX Capital expenditure

CHP Combined heat and power

CoP Coefficient of Performance

CQe Carbon dioxide equivalent

DEFRA Department for Environment, Food and Rural Affairs
DHN District heating network

DHW Domestic hot water

Dph Dwellings per hectare

EA Environment Agency

EC Energy centre

ESCo Energy service company

FHS Future Homes Standard

GA General Arrangement drawing
GIS Geographic Information System

GHNF  Green Heat Network Fund
GSHP  Ground source heat pump

HIU Heat interface unit

HNCoP Heat Networks Code of Practice
HNDU  Heat Network Delivery Unit

IAG Interdepartmental Analysts Group
IRR Internal Rate of Return

kwh Kilowatt hour

LHD Linear heat density

LTHW  Low temperature hot water
Mbus Meter bus

MTHW  Medium temperature hot water
MWh Megawatt hour

MWSHP Mine water source heat pump
NOXx Nitrogen oxides

NTC North Tyneside Council

NPV Net Present Value

OPEX  Operational expenditure

PFD Process flow diagram

PV Photovoltaics

RFI Request for information

SPF Seasonal performance factor
SPV Special purpose vehicle
TEM Techneeconomic model

WSHP  Water source heat pump
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Distribution Network

District heating

Energy centre

Energy demand

Combined heat and power

Green Heat Network Fund

Heat clusters

Heat exchanger

Heat Interface Unit
Heat network

Heat offtake opportunity
Heat pump

Hurdle rate

HNDU

Internal Rate of Return
Linear heat density
NPV

Peak and reserve plant

Phases

2 Sustainable

o

The circulation pipework (with flow and return) between the Energy Centre and
Substations

The provision of heat to a group of buildings, district or whole city usually in the form of |
hot water from one or more centralised heat source

The building or room housing the heat and / or power generation technefogietwork
distribution pumps and all ancillary items

The heat / electricity / cooling demand of a building or site, usually shown as an annual
in megawatt hours (MWh) or kilowatt hours (kWh)

The generatiorof electricity and heat simultaneously in a single process to improve prir
energy efficiency compared to the separate generation of electricity (from power stati
and heat (from boilers)

The £88m capital grant funding programe for heat networks announced by Governme
that operedin April 2022

Buildings / sites grouped based on heat demand, location, barriers, ownership and risk

A device in which heat is transferred from one fluid strearariother without mixing there
must be a temperature difference between the streams for heat exchange to occur

Defined point of technical and contractual separation between the Distribution Network
a heat user

The flov and return pipes that convey the heat from energy centre to the custormeipes
are usually buried but may be above ground or within buildings

An opportunity to utilise waste heat from an industrial process including EfW plasihg
heat exchangers

A technology that transfers heat from a heat source to heat sink using electricity (heat sc
can include air, water, ground, waste heat, mine water)

The minimum internal rate or return that required for a network to be deemed financial
viable

The Heat Network Delivery Unit within BEIS
Defined as the interest rate at which the net present value of all the cash flows (both po
and negative) from @rojector investment equal zero, and used to evaluate t

attractiveness of @rojector investment

Total heat demand divided by indicative pipe trench lengttprovides a higHevel indicator
for the potential viability of networloptions and phases

Net present value, the value of investment discounted back to the present day us
determined discount rate (typically 3.5% as per Green Book guidance)

Boilers which produce heat to supply the networkiatés when heat demand is greater the
can be supplied by the renewable or low carbon technology or when the renewable o
carbon technology is undergoing maintenance (also called auxiliary boilers)

Construction phases in which itpsoposed the Heat Network will be delivered

10



Project IRR

Services Provider
Social IRR

Social NPV

Substation

Thermal store
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Internal rate of return (IRR) of a project

Party who will deliver the operational and maintenance services including metering
billing

Internal rate of return of AIN2 2 S O0iG =X Ay Of dzRAYy3a (GKS | RRAI
and improvements in air quality

Social net present value

A defined point on the property boundary of the heat user, comprising a heat exchange
to which the heamnetwork is responsible for the heat supply

Storage of heat, typically in an insulated tank as hot water to provide a buffer against
demand
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This report presents the findings of ti@llingworthHeat Network Feasibility Study. The study is funded by the department for
Business, Energy, and Industrial Strategy (BEISNartd Tyneside CounciThis study should form a key part of the overall

CQe reduction and heating strategy for th@llingworh area

Energy Demand and Supply

The Killingworth area heat demand was assessed and calculai#®l4a&Wh. Of this demand an estimated 27.4 GWh would
be viable for connection to a district heating netwokey heat demands come from the council buildirsyecifically the NTC
Killingworth Siteg local schools and commity centres.As well as igh density social housing sites near the main network

route. Key private heat demands include Morrisons and Matalan/Home Bargains in the main shoppin@iaeckarge

development was identified as a key connection as the network is built out.

and their owners/operators will be exploring options to

The majorityof the heat demand is made up of existing buildings

decarbonise their heating systems over the next 10 years. Delivering a reliable operational district heat network wallabe cru

to enable these stak®lders to decarbonise their heating supply.

biomass and CHP technologies were assessed as options tpateppil heat networks. Key

Heat pumps, waste heat

potential source of renewable heat identifigsiwater source heat pumps (WSHRSs)nglocalcoal minesas the water supply.

The network is reliant on suitable energy centre locations being secimatiscussion with North Tyneside Council officers,

the preferred energy centre location is the Killingworth Depot site. The site is ideally lasiesits directly above 4 potential

mine seamsFollowing consultation from the Coal Authority the energy centre site is likely to be a suitable location to abstract

and reinject mine water. However

the available flow rate and temperatures from the mines require further investigation.
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Network Assessment

The network was assessed over three phafémse Iconnections have been assessed as low risk connections, they include
existing council buildings, social housing clusters located close to the main network spine and large commercial coimections
Killingworth town centrePhase2 extends to connect larger connections in the northern industrial site as well as Burradon
School and the adjacent social housing clugbrase3 includes long term planned housing development at Killingwaethe

and the high density social housing clusteear to this development.

The DH network wilbe developedver three phases (see below):

% Phase 1 Phase2 Phase3 Total

Heat networkspinelength 2572m 1,206m 1,103m 4,880m
Total heat demandincluding losses) 11,803MWh 3,473MWh 6,096 MWh 21,372MWh
Peak heat demand 4.6 MW 6.0 MW 7.4MW 7.4MW
Proposed phase start year 2024 2026 2028 -
No. of heat connections / stakeholdel 16 8 3 27
Networkaveragdinear heat density 4.6 MWh/m 2.9MWh/m 5.5MWh/m 4.4MWh/m
2 Legend
A @) Energy Centre
Sy . Network
—— Phase 1
—— Phase 2
= Phase 3
Connections
I Phase 1
B Phase 2
0 Phase 3
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Economics

Atechnoeconomicmodel (TEM) was developed &ssesdhe viability of the proposed network. The key parameters for the
TEM include:

Annual heat demand, kWh

Peak heat demand, kW

Energy centre tariffs

Heatsales tariffs

Schemecapital costs

= =4 = A
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1 Operationaland replacement costs
i  Carbon savings /emissions vs a BAU case
1 Grant funding

The40-yeareconomics and carbon savings for each phase of the network are summarised below:

Phase 1 Phase2 Phase3

Capital costs (incl. 25 contingency) £15054.434 £5,071,053 £5,958,336
Total capital costs (including previous phase ' £20,125,487 £26,8(8,823
Lifetime carbon savingdQyears) 82,449tCQe 104,618tCQe 111,764tCQe
Without grant funding
IRR 1.47% 1.22% 3.02%
Social IRR 6.76% 6.51% 8.21%
NPV -£4,406,989 -£6,343,057 -£1,667,671
Social NPV £9,578,615 £11,342,662 £21,319,552
Simple payback 31 years 32 years 24 years
With 49% grant fundindor Phase I{maximum available grant funding)

IRR 5.80% 4.04% 5.83%
Social IRR 13.15% 10.76% 12.41%
NPV £2,969,684 £1,033,616 £5,709,002
Social NPV £16,955,288 £18,719,335 £28,696,225
Simple payback 16 years 21 years 17 years

The economics of thBhase lheat networkreturn alow IRR and thereforevould require grant fundingto be viable from a
locall dzii K 2pedpé@aiv@ &hich is available through the planned Green Heat Netwankd (GHNF).

Grant funding

GreenHeat Network Fund is a £88m fund available to support heatetwork project with capital grants available to up to but
not including 50% of the project capex.

The grant funding core requirements are shown below with the results from the preferred option:

Metric ’ Minimum score ‘ Preferred option
Carbon gate 100gCQe/kWh thermal energy delivered dm 3/ hi Sk12K NBIOKSR A

Commercial sstomers and planned development
sale tariffs have beeaalculatedusing an ASHP
counterfactual Social housing customers heat sal
tariffs have been calculated using gas boiler
counterfactual.

Domestic and micrdusinesses must not be
Customer offered a price of heat greater than a low carb
detriment counterfactual for new buildings and a gas/oil

counterfactual for existing buildings

Projects must demonstrate a Social IRR of 3.5

Social IRR greater over a 4§ear period

The40-yearsocial IRR is &% forPhase 1

For urban networks, a minimum end customer
Minimum demand demand of 2GWh/year. For rural networks, a
minimum number ofL00 dwellings connected

End customer demand .6 GWh/year forPhase 1
and 18.6 GWh/year for the fully built network

ForPhase3 to achievea 5% 40yearlRR£5,844,391
of grant fundings requiral, which equates to 2%
of project total CAPEX 0 achievea Phase 3 0% 40
year IRRE12,433,655 of grant funding is required
which equates tal7.7% of total project CAPEX

Grant award requested up to but not including
50% of the combined total capex +
commercialisation costs (with arpper limit of
£1 million for commercialisation)

Maximum capex

R Sustainable Page |14
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Metric ‘ Minimum score ‘ Preferred option

The maximum grant funding available according 1
this metric is £11.4m. Thehase 12 and 3 CAPEX
£26.7m, therefore this limit is will likely be the
limiting metric

The total 15year kWh of heat/cooling forecast
Capped award  be delivered will not exceed 4.5 pence of gran
per kwWh delivered (subject to review by GHNF

For projects including wider energyfrastructure

in their application, the value of income

generated/costs saved/wider subsidy obtainec No northeat/cooling infrastructure included
should be greater than or equal to the costs

included.

Non-heat/cooling
cost inclusion

Key Sensitivities and Risks

Keysensitivity parameters for the prioritised network areas include:
i Capital costs
1 Network heat demand and key sites not connecting

i1 Energy tariffs including heat sales tariffs, energy centre fuel purchase tariffs and indexation of energy tariffs
1 Grant funding

The key risks for the project are
i  Gonfirming the water availability from theines below the identifieénergy centre site
9 Achieving grant fundinfpr the Phase heat network

Commercial and Governance Issues

The primary objectives for thgroject are to maximise GO savings, provide affordable heat to residents and businesses. The
overall return on the investment is lowhereforethe schemes will need to be either public sector led or led by companies who
can take a longeterm view.If grant funding is secured thehere is the possibilityhat the networkwill meet the investment
criteriaof more private sectocompanies.

Next Steps

If the project is to be progressed, the next steps include:

i Securing commitment to the project froforth TynesideCounciimembers
i1 Safeguardand atKillingworthSite forenergy centre
i1 Continuedengagement with the Coal Authoritg develop:
o Technical viability of utilising mine water from the proposed energy centre location
o0 Available flowrates antemperatures
o Confirm abstraction and reinjection locations
0 Commerciabtructure of heat supply
Engagement with potential network connectioasid reassess proposed network phasing
Engagement with Northumberland Estates about development at Land Off WdlittgLane
Liaise with planning department to gather more detail on future planned developments
Further engagement with Northern PowerGrid to determatest ofconnectionand availablecapacity
Engagement with GHNF team to fully understaaguirements and ensure a robust grant funding bid is submitted

= =4 -4 4
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This report presents the findings of the Killingworth Heat Network Feasibility study. The project is supported by Heat
Networks Delivery Unit (HNDU) from the DepartmemtBusiness, Energy, and Industrial Strategy (BEIS). The work has been
conducted by Sustainable Energy (SEL).

We were commissioned to undertake a feasibility studyKitlingworth TownshipThescope of the feasibility studypcluded:

Update predicted annual energy demands and profiles for heat and, if required, electricity and cooling

Compile an energy demand database that includes building type, peak demand, annual demand and hourly profiles
for all existing and planned Hdings

Identify potential energy centre / substation locations, considering locations of low and zero carbon plant and / or
peak and reserve boilers and present the risks and benefits associated with each

Compile energy demand and supply and risk assestria line with latest information from development plans,
planning applications, energy centre land availability assessment update, site surveys and any other relevant sources
(including achieving sufficient accuracy of peak heat demands and annualdreatmptions)

Identify electricity and gas capacity requirements for energy centres and decentralised options and provide budget
connection costs

Determine plant requirements and sizing (in line with likely grant funding requirements) including arrangeiorent
peak and reserve boilers, thermal and electrical storage and potential for power supply

Confirm feasible routes for heating/cooling pipes and power cables and suitable locations for building connections
(liaising with local Highways, Structural ardrihing teams to obtain critical feedback on proposed routes)

Assess network temperatures including low temperature hot water and ambient network options

Provide energy and mass balances (within the teeboonomic model) using tried and testedtinuse sftware to
dynamically model hourly energy supply in response to hourly demand

Provide a phased approach that includes detailed futureproofing considerations

Provide heat demand sensitivity assessment that considers relevant and specific factors $ikely ahanges to
planned developments and changes in occupancy for existing buildings (in lighBadrGnything else) as opposed
to a nominal percentage variation

Review heat and power supply technology selection considering factors including, blitnited to, changes to
energy price, CO2e, CAPEX and OPEX forecasts

Compare net present cost of all potential centralised and decentralised options to provide an appropriate economic
comparison that assesses whole life costs

Develop network hydraulic mads usingspecialist desigaoftware
Confirm demand assessment assumptions

Confirm energy centre location options

Assess connection risk

Assess risk associated with energy centre location and identify mitigation measures and information required for
enemy centre planning application

Complete optimisation and a concept design for preferred option:

Energy centre plant (RIBA stage 2)

9 Sustainable Page |16
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Network spine and branches (RIBA stage 2)
Domestic and commercial (design of HIUs and substations to RIBA stage 2)
Undertaketechno-economic modelling to assess and optimise options

Compare potential options tbusinessasusualcase or counterfactual to determine the economics and compare
risks, issues, benefits and disbenefits

Develop an investment timeline delivery plandonfirm the network delivery strategy to include a letegm phased
delivery strategy (to be agreed with Client) which outlines phasing of network development, timeline for connection
of buildings / clusters and integration of future heat supply sources

Identify funding gaps that could be supported through Green Heat Network Fund

Assess the annual and lifetime carbon impact of all network options

raasSaa K2g LI NFYSGSNAR adzOK Fa RS@S
eoconomic value of CO2e savings impact scheme viability

t2LYSyG Ozadaz /!

Undertake meetings and workshops with Client to establish project priorities, critical success factors, hurdle rates and
appetite for risk

Identify next steps and implementation requirements for theaeunended scheme

Allwork is compliant with thedNCoPand we considered UK and international best practice.

The council recognise a number pftential opportunities associated with the provision of lower cost, lower carbon energy
which could arise from a district heat network in the Killingworth area and wishes to further explore such opportuniges. Thi
specific piece of work progresses iaitheat mapping and master planning results for the area of Killingworth the council has
undertaken in 2015. The heat mapping exercise identified six heat clusters across the North Tyneside, Killingworth Tewn Centr
was one of those clusters and therefa@®uncil applied for HNDU funding to conduct teclammnomic feasibility study.

In 2019 NTC declared climate emergency and set a plan to be carbon net zero emission by 2030. Decarbonisation of heat is
key challenge in achieving net zero carbon.

The Norh East Local Partnership (NELEP) Energy Accelerator programme was designed to support Local Authorities like Nor
Tyneside Council and help low carbon and energy efficient pofEtome a reality. NELEP offers expertise, capacity and
funding to NTC assted with this study.

¢CKS O2dzyOAftaQ 1Se@ RNAGSNRE F2NI Ay@SaidAadardaAay3da KSIG ySias2N]

Reducing carbon emissions

Stimulating economic development

Reducing Council operating costs using its operational buildings as anchor loads
Addressing domestic fuel poverty

Improving energy security
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This section describes the potential customer and stakeholder engagement that has taken place. Stakeholder engagement i
critical to developing successful energy networks and the ezigegt work carried out to date will need to continue if the
project progresses through to subsequent HNDU stages of development.

A data collection exercise was undertaken to enable the revision of energy mapping of existing and future energy demands a:
well as potential energy sources, barriers and constraints. As part of this process, the energy demand assessment area wa
reviewedandamendedto includeland of KillingworthLanewhichextends to the northeast ahe Killingworth Town area.

Key stakeholders were consulted to inform the data collection exercise including representatives from the NTC, HDNU, anc
NELEP, atiscussed in section 2.2.3

2.1 Network Assessment Area

TheKillingworthnetwork assessment areaas reviewed to identify areashgre it could be extended.

Following consultation with the project teamlgmned developments$o the northeastof Killingworthshall be included in the
assessment anthe boundary has been expanded furthes shown ifrigurel.

N

Legend
A — Assessment area
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Figurel: Network Assessment Area
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2.2 Identification of Potential Customers
2.2.1 Planned Developments

Planned developments may provide significanergy demands and potentially lower risk of connecting than privately owned
existing sites. However, there are risks associated with energy mapping and basing network assumptions around plannec
developments, these include:

i1 Permitted developments not beiruilt
i1 Changes to the density, scale and timing of planned developments

Conversely, there may be potential for the density of developments to increase, meaning that higher heat density could
improve the viability of networkgzigure2 shows planned developments identified wittthe Killingworth area. Further details
of these are ifTablel. Risks are considered further in secti®0.3

Legend

— Assessment area

Planned
~ developments
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Figure2: Killingworthplanneddevelopmens

Tablel: Current information for planned developments

Revised Name Details of development Timing  Assessed further
1 Site 7C Aqua Leisure 1 Change of use of an industrial - Yes
Mylord Crescent Developments building (B2/B8) to a mixedse
Camperdown Ltd scheme comprising office (B1),

Industrial Estate
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Revised Name Details of development Timing  Assessed further

private swimming pool (D2) and
ancillary cafe (A3)

2 Unit 1 Locomotion 1 Demolition ofanexisting industrial - Yes
Locomotion Way Business Park building, to make way for a new
Camperdown Ltd. multi-unit commercial/light
Industrial Estate industrial building

3 The Killingworth = Killingworth i1 Demolition of blocks F, K, L and M - Yes
Site Station Depot and erection ofa new replacement
Industrial Estate vehicle maintenance unit.

Reconfiguration of vehicle access
routes and parking

1 Partial retention of Block F, solar
canopies, photovoltaic provision
and amended site access

4 Land Off Northumberland  §  Full planning permission for the - Yes full planning
Killingworth Estates change of use of agricultural land applicationhas
Lane and development of 43no. been submitted
residential dwellings this year
5 Land At Bellways Homes ¢ Construction of 565no0 residential - No, outside othe
Killingworth Ltd (North East) dwellings assessment area
Moor And Banks and significant
Property Ltd extra pipe work
required to
connect

The heating strategy for the planned developments is currently unknétwea.unlikely that these developments will be built
before the proposed Future Homes Standard comes into effect whichnaillallow new builds to install gas boilerH.the
Killingworth heat network can offer a credible alternative to installing ASHPs then thergoisdapossibilitythat they will
connect.Planning policy can be used to promote and facilitate the developmiedistrict heat networks and thET(planning
team has an important role to play in developing and supporting guidance and working with developers

2.2.2 Existing Sites

Existing sites within the assessment area were identified and their energy demandseaissHse following sites have been
included in the energy demand assessmieat may not connect to the network

i  Sites with annual demands below BOVh, unless of strategic importance
i Existing sites within planned development areas

Details of all sites ideified and assessed within the energy demand assessment area are shAppendixl: Energy Demand
Assessment
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2.2.3 Engagement with Potential Key Stakeheics

Key stakeholders were identified and contagtablished where possible. We contacted potential stakeholders to obtain
information such as development plans, energy data and tariffs, building use and occupancy levels and patterns. Information
requestswere presented to stakeholders by email and, where possilidejideocalls.

A summary of information received from the data collection exercise for potential key network customers can be seen in
Table2.

Table2: Summary of engagement with key stakeholders

Contact

Site/Organisation

Role/interest

Michael Keenlyside
Marissa Granath
Bobo Ng

Donna Skordili
Victoria Brockley

Jeremy Groves

Carla Maley

Karen Dracou
Pippa Wicks
Guy Robinson

Gill Wallis
Victoria McDermott

Matthew Fox

Charlotte Adams

l Sustainable
ENERGY

North Tyneside Council ]

North East Local Enterprise Partnershi|
North East Local Enterprise Partnershi|
Heat Network Delivery Unit at BEIS i

WestRock Multi Packaging Solutions

Entek International Ltd. 1
1
Percy Hedley School i
1
Fenwick Warehouse i

John Lewis and Partners Delivery Hub

Killingworth shopping centre i
Killingworth shopping centre i

1
Morrisons 1

1
Coal Authority i
Coal Authority i

EnvironmentaSustainability Officer
Programme Managet Energy Accelerator
Energy Programme Manager
LowCarbon Heat Projects Manager

No response

Site manager
Meeting held on the 4/11/22 to discuss
heat network opportunity

School Business Manager
No response

No response
No response
Asset Manager

SiteManager
Contact established

Property Specialist Energy
Contact established

Principal Manager Mine Energy Advisory

Principal Manager Mine Water Heat

Page |21



9b9wD, 59a!'bs5 ! {{9{a9b¢

3.1 Energy Demand Profiles

Energy demands for potential network connections have been assessed (this included the issue of Requests for Informatior
(RFIs) to all stakeholder3he energy demands and profiles for th@nneddevelopment were modelled to consider Objective

2.1 of the CIBSE / ADE Heat Networks Code of Practice (to achieve sufficient accuracy of peak heat demands and annual he
consumptions) and comply withuture Home StandarBart L of the Building Regulatioria line withbest practicehourly

annual energy demand profiles were generated usindanse modelling software which apportions demands to hourly loads
over the year, considering degree day datauilding use and occupancy. All energy loads were ttentified, categorised,

and mapped.

Forplanned developmenive modelled hourly profiles of heating and domestic hot water demand, normalised against degree
day data from the nearest monitoring statioNléwcastl@. Profiles were developed usingliouse sftware and considered
building plans, site measurements, building construction and operating parameters. Peak, base load, seasonal and annual he:
demands were identified.

For existing domestic dwellingaformationfor the house size and age of the pegties wassupplied byNTCUsing this data
a heat demand was calculated for each property. Mimfermation on themethodology can be found iAppendix2: Heat
Demand Modellingviethodology.

Where no building data was available, data derived from hundreds-lbbirse data collection exercises for similar buildings
was utilised and a demand profile for the building was constructed uskiguse software or selected from our profile
database aappropriate. Relevant Building Regulations were considered for planned developments. Electricity profiles for key
electricity loads were identified from half hourly data or modelled where this was not available.

For each building and network phase, thaunly heat demand model was used to identify the average, maximum and
minimum hourly demand throughout the year.

3.2 Energy Demand Assessment Results

Geographic Information System (GIS) software was used to map the keyetestjcity, and cooling demandsof the
Killingwortharea.The symbols show the site location and graduate in size according to energy demand to depict the nature of
the energy loads within the heat map area. The larger the symbol, the greater the energy dékxpaeddixl: Energy Demand
Assessmenshows demands for all network connections in detappendix2: HeatDemand ModellingMethodologyshows

heat demand model methodology and assumptions.

3.2.1 Heat Demand

The heat demansifor all potential network connections are shownkigure3. The largestommercialheat demandarises
from the NTC Killingworth sitélable3 shows details of top 5 heat demaniis single sitesThe total heat demand for both
commercial and residential sitédentified within the energy demand assessment area is approxima@R49 MWh.

1 Degree days are a type of weather data calculated from outside air temperature readings. Heating degree days and cedidgydeare used extensively
in calculations relating to building energy consumption. They are used to determine the heatingneepis of buildings, representing a fall of one degree
below a specified average outdoor temperature (15.5°C) for one day.
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Figure3: Heat Demands

Table3: Top 5commerciaheat demandswithin assessment area

Ownership

1 Killingworth Site

2 Matalan/Home Bargains

3 Morrisons

4 | George Stephenson High School

5 White Swan Centre

Public Sector

Private Sector

Private Sector

Public Sector

Public Sector

Figure4 shows the proportion of heat demand from the site apportioned to each ownership

R Sustainable
ENERGY

Building use Annual heat  Source of
g demand, MWh data
Office 1,522 Actual data
(metered)
Retail 1077  Estimated
using data
i for similar
Retail 1,212 sites
Education 985 Actual data
(metered)
Education 858
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1 Social housing

m Private sector

m Planned development
m Private housing

m Public sector

Figured: Heat demand split by ownership

Figure5 shows further breakdown of the heat demand by building use.

50,000
M Retail
45,000
M Residential
40,000
m Public buildings
= 35,000
M| Offices
30,000
M Industrial

M Healthcare
Education

M Sports and
10.000 recreation

Hospitality and
- entertainment
[ B Workshops and
- - warehouses
Social housing Private sector Planned Private housing Public sector
development

Figure5: Categorisation of heat demand

FromFigure4 and Figure5 the majority of heat danand (%) is associated witlow rise private housingithin the social
housing clusters identified in WPErom previous project experience it is very difficult to get engagement at scale from
private sector housingndwill be unlikelyconnect to a heat network. Thereforthe heat demand breakdown without
existingprivate housing is shown frigure6 and Figure?.

7 .
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m Social housing
m Private sector
m Planned development

m Public sector

o
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Figure6: Heat demand split by ownership (excluding private housing)
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Education
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Social housing Private sector Planned Public sector
development

Figure7: Categorisation of heatemand (excluding private housing)
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3.2.2 Electricity Demands

The electricity demands have been assessed to anttiggeotential for private wire connectiong.he total electricity demand
for all identified key nordomestic electricity demands within the erggr demand assessment area is approximaleélyl16
MWh. The electricity demand for potential network connections are showriguires.

o Legend

A — Assessment area

Electricity Demand, MWh
o <19

O <615

(O <1525

() <3630

() <es62

Ownership

Planned
development

Private sector
Public sector

o
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Figure8: Electricity demands

The largest electricity demands are showTable4.

Tabled: Top 5 electricity demands

Annualelectricity Source of data

Ownership Building use

demand, MWh
1 Killingworth Shopping centre Private sector Retalil 6,562 Estimated using
data for similar
2 Morrisons Private sector Retail 3,630 sites
3 Killingworth site Public sector Public buildings 1,524 Actual data
(metered)
4  Entek International Private sector Workshops and 1,244 Estimated using
warehouses data for similar
5 | Tyne Pressure Testing Private sector Workshops and 613 sites
warehouses
l Sustainable Page |26
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Figure9 shows the proportion oélectricitydemand from the site apportioned to each ownership.

m Private sector
Planned development

= Public sector

Figure9: Commercial kectricity demandsplit by ownership

Figurel0shows further breakdown of the electricity demand by building use.

18,000 B Retail
16,000 m Public buildings
= 14,000 B Offices
g 12,000 )
- B Industrial
e
& 10,000
g ® Healthcare
© 8,000
% Education
£ 6,000
Q B Sports and
W 4,000 recreation
Hospitality and
2,000 - entertainment
B Workshops and
0 warehouses

Private sector Planned development Public sector

Figurel0: Commercial kectricity demand split by building usage

3.2.3 Cooling Demands

Cooling demandare only assessed for connections that are likely to have or could be designed to have wet cooling systems.
Within the assessment area ignificant cooling loadsere found.

3.2.4 Sources of Data for Energy Demand Assessment

Half hourly gas and electric data was available for all council sites estessment aredVe attemptedto establish contact
with the largestpotential heat demand customers in the area. Howevey,data wasforthcoming fom any of the private
connections For each of these sit¢ise heat demand was based on similar sites and proportioned to the area of the buildings
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For residential connections a heat demand model was created as discims8ed Table5 summarises thesourcesof the
energy demand assessment.

Table5: Summary of energy demand data sources

% based on heat % based on data fo

Total demand % from actual data

demand model similar sites
Heatdemand 70249MWh 6.2 81.2 12.6
Heat (excluding private housing) 26,340MWh 16.6 49.7 33.7
Electricitydemand 19,116MWh 13.8 - 86.2
3.3 Summary

A significant proportion of the energy demands withire Killingworthareaarise fromlow density,private sector housing
(62%) Due to the difficulty in predictingptake of a heat network connection fexistingprivate housing, this assessment will

only consider social housing connectiohsthe later phases of the network there is a significant planned development that

could benefit the heat network. Thereforeengagement with the planners and site developers should be made a priority.

When excluding private housing, there is a significant heat demand from public sector bu{ti$) and social housing
(36.5%).

Key potential heat network demands inclubld @ KillingworthSite Morrisons andpublic sector schools
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4.1 Potential Energy Centre Locations
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FigurellandTable6 provide details of the potential energy centre locations identified.
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ENERGY S o7l

T Fari HFRF, Garmia

Legend

— Assessment area

Potential EC
locations

| Council owned land

1 Kilometres
1 L L L I
Fsr. HFRF, Fsri JK, Fsa, H#RF, Garmn, Gen’

Technclogies, Inc., Intermap, LSGS.

Figurell:Potential energy centréocations

Table6: Potential Energy Centre locations

Map

Location
ref

Land ownership’ Current use

1 Killingworth North Tyreside | Council buildings 1

Depot Council q

1

1

1

2 Keegan Park North Tyneside Park i
Council q

1

1

1

3 Land adjacent to |North Tyneside 'N/A i
station road Councll q

Sustainable
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|

Comments

Close to key council heat demand

Within assessment area

Existing buildindpas planning permission to be
partiallydemolished with no current plans for futur
development

Within industrial area with no residents nearby
Easy vehicle access

Close tcheat demands

Within assessment area

Surrounded by low rise residentidvellings
Possible opposition from local residents
Large vehicle access may not be possible

Large grass area off main road
Justoutside assessment area
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hf:fp Location Land ownership| Current use

Comments

i  Easy vehicle access
4  Lakeside Park  North Tyneside Park

i Large space available
Council

i Surrounded by large trees that may restrict buildir
network

i Local opposition to using park land
The preferred energy centre location wdstermined to be the Killingworth Depot sit€his sitehas planning permissioto
demolishsome of the existingpuildings and woulgbrovide a substantial plot for locating an energy centre. The site is within

an industrial area where large vehicle accesaild not be restricted. The site would also imecloseproximity to one of the
largestnetwork demandsthe Killingworthsite.

4.2 Existing and Planned Energy Sources

Potential low carbon or renewable energgurces withiror near the network assessment area were assessed to identify any
energy sources that may have potential to supply a heat network.

Existing boreholeecords,mine entries and large water sourcegre assessedand the findings are presented Figurel2.

N

A ‘ & Legend

— Assessment area

=  Existing mine entry
- |77 Potential borefield location
Bl Killingworth Lake

7

L) Sustainable
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DWG No: S2064-SEL-ZZ-XX-DR-Z-0010 P02
05/10/22

+

0.5

1 Kilometres
]

1
Csri, |IERL, Csri UK Csri, ICRE, Garmin. GeoTechnalogies, Inc., Intermap, USGS.

Figurel2: Potentialheat sources
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discharge pipeworkThe approximate depths of the 4 seams below the energy centre are shoviigure
interconnectivity of the seams would need to be assessid a further study from the Coal Authori

2 British Geological Surve@eolndex British Geological Survey (bgs.ac.uk)

The preferred energy centre locat

Figurel3



http://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes&_ga=2.128162252.1739623680.1649074892-1659838812.1649074892

GroundWaer .~ o~ o e e PP P
Level - 30-50 mj}

High
Main
Seam

{-105mj)

Yard
Seam
{-152mj)

Brass
Thill
{-200my)

Figurel4: Approx. seam depths below energy centre

Plannedenergy sources

No planned energy sourcegere identified within or near by the assessment area.

4.3 DomesticCounterfactual

Counterfactuabkolution is @& alternative to thecurrentheating systenandwould be considereds a future solutiore.g.,low
carbon counterfactualvould be individual ASHPs.

Table7: Potential counterfactual solution

ASHPs in individual buildings Electric heating Gas boilers (BAU)
Efficiency Range of 200250 % 100% Range of 8®0%
Average £10,000(Estimate from NTC £2,000(average pricdrom ,
cost Housing Officefor an upgrade in | previous quotedbased orBkW d £2,000(average pricéor

social housinp electric heating) replacement otombigas boiley

) sisar=ne
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- ASHPs in individual buildings Electric heating Gas boilers (BAU)

Risks 9 Higher capacity of heat pump § Electricity grid connection 1 As the government phases ol
required anctherefore capacityand distribution the use of gas boilers as a
increase to the electricity grid capacitywill be even greater heating system, an alternative
connection and distribution than individualASHPs will eventually be required to
capacityrequirement which requirements,which may be installed
may result in significant require gridreinforcement
additional CAPEX and hence incur significant

1 May not be operated and additional CAPEX
maintained in most efficient
manner

Benefts |1 HAIKSNI / hi S &t
i1 Lower cosbf heatto
customerin comparison to 1 Simpleease of use
electric heating due to higher

I Current BAU therefore it
would not require an upgrade

efficiency
Disbenefits 1 HighCAPEX in comparisontc {1 Every dwelling and building | 1  Will havenegativeimpacton
other counterfactual solutions must have a wet system the environment and the
i1 Additional space required at convertedto a wire network, quality of the airdue to higher
eachdwelling (external and which requires carbon content
internal for heat pump, DHW decommissioning the current
cylinder, buffer vessel and wet system, which may cause
controls) significant disuptions to

residents and result in
significant additional CAPEX

9 Higher cost per kWh in
comparison to other
counterfactual options and
DHN

For the purpae of this studygas boilers have been assumed as business as usual (BAU) joc@weection. Counterfactual
for social housings assumed to be gas boilerspgeventcustomer detrimentand for commercial connections and planned
development individual ASHPs have been assumed as counterfactual.
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4.4 Renewable/ Low Carbon Heat Source

Table8 shows potential heat sources and network options.

Table8: Long list option$or potential heat sources

Open loop
heat pump

Closed loop bore field

Technology

Boreholes

Centralised Air Source

Heat Pump (ASHP)

Individual Air Source Hes
Pumps (ASHP)

Gas CHP

utilising
aquifer i
1
Deep 1
geothermal q
1
1
1
1
1
Mine WSHF
1
1
1
WSHP E
Killingworth
lake 1
1
1
1
1
1
1

= =4 =4 4 -9

== =

) s

High level technical viabilitgonsiderations

Geoenvironmental reports dmot state pumping rates or water resting
levels which may indicate limited amounts of water
Test well required

Killingworth has a relatively low geothermal potential of rock
(approximately30-50 m\W/m2)
Significant space requirements Potentially economic against low cark

counterfactual

Potentiallythe highestemperaturesof water source available
Ground temperature at 1km deep is <30°C

High CAPEX associated with deep drilling

Abstraction and dischargeonnections into mines may involve high

CAPEX

Lower operating cost due to higher COP than ASHP
Potentially higher temperatures available than other water source he

pump options

Third party negotiations that may impact the cost of heat required
Further assessment and discussion with the Coal Authority required ¢
the heat resource

Potentially costant temperature ~2-20°C

About 1m deep therefore volume is likely too low
Low incoming and outflowing water rate

Space requirements for abstraction platform

EA requirements

Requires a large ares land
Significant CAPEX associated with bore field
May have a cooling effect on local ground condition if not designed

correctly

Lower initial CAPEX than GSHP or MWSHP, however higher operatit
costs due tdower CoP

ASHP at large scale may have cooling effect on local environment
Potential noise restrictions close to residential developments

Not dependant on accessing ground water

No losses from heatetwork

Space required at each building

Visual and noise impacts for residents

Lower SPF for smaller heat pumps

Heat demand is not diversified, and significantly greater heat pump
capacity required

Higher carbon emissions compared to other technologies
Private wire revenués usuallycritical to project economics
Not eligible for grant funding

Considered
further?

No

No

Yes

No

No

Yes

Yes, as
counterfactual

No
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- Technology High level technical viabilitgonsiderations Cﬁ;?fr:i?;ed

. . 1 Expensive if used during peak electricity usage times VEE, G
Electric Boilers 9 Possible price reduction /kWh in future peak and
reserve
. Yes, onhas
. i1 High C@e
Gas Boilers i . . peak and
i1 Potentially lower OPEX than eléctboilers reserve
i Lowest carbon in earlier years (better than heat pumps until predictio
of grid decarbonisation)
9 Air quality considerations for biomass
i1 Fuel costs may be equal or lower thgasand electricity
Biomass CHP/ Biomass { Requirespacefor solidfuel delivery and storage No
boiler i1 Haulage of fuel may have smafivironmental impact due to frequency |

fuel deliveries

Sustainability of biomasseeds further consideration

May provide energy source resilience as part of larger energy system
Council has consided biomass before anid not the preferred solution

= 4 =4

Economics of hydrogebased CHP very uncertain

Security of fuel supply issues

Requires significant space for fuel cell

No local hydrogen generation No
Fuel will need d to be transported by road

Economic and regulatory issues relating to private wire

Fuel cell market not developed

Hydrogen Fuel Cell CHP

=2 =4 =8 8 -8 -8 -9

i At the time of this study there are no planned energy from waste sites
plannedwithin a feasible distance
i Additional backup energy centres required

Efw = Py No
T / KFEFYy3Ay3 Lzt AO LISNOSLIWAZ2Y 2F 9
i Significant negotiations required with plant operator or network opera
accessing heat for existing planned network
9 No industrial waste heat sources identified near or within the assessn
. area large enough to support DHN at scale required
Industrial waste heat L . L . No
ustriatw i  Significant thirdparty negotiations that may impact the cost of heat
required
Solar thermal i Significant initial capital costs No

i  Significant land required for collector arrays

4.4.1 Short list assessment
The options from the long list assessment have been assessed and have been condensed to awhirhishsidespossible
risks, benefits and disbenefits of the selectgations The following options have been shortlisted:
LTHW Network Options
1  MWSHP DHN (sdégurel5andTable9)
1 ASHP DHEKseeFigurel6 and Tablel0)
Counterfactual

i1 ASHPs in each buildigseeFigurel7 and Tablel1)

i 3
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Figurel5: Schematic of Open Loop Mine Water Heat Network
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Table9: Specific issues, risks, benefits and disbenefitefien loop MWSHP using mine water DHN
Short list

Benefits Disbenefits

. Viability consideration
option
Mine WSHP  Technology 1 Open loop Long term performance
DHN selection {  Potentially highCAPEX of boreholes
Availability of heat in
1 Engagement with Coal Authority will be important to mines
understand possible abstraction / reinjection locations, floy
Heat resource .
temperatures and flow rates Multiple attempts
i Potentially the highest available sourmmperature required to hits heat

source, increased CAPE

i Heat generated from the MWSHP will be prioritised with g
boilers only supplying peak demands and in times of
maintenance / failure

Plant
operation

Energy Centre

design i1 Alarge buildingvould be developed
High charge for using
. i Continued Engagement with the Coal Authority is required resources might have
Commercial - L
i  Eligible for GHNF negative impact on the

projecteconomics

‘ Sustainable
ENERGY

If correctly designed and

modelled, temperature = Dependant on accessing
of heat resource likely to. mine water

be stable and sustainabl

~90% of network heat
demand will be from
renewable technology

Will require smaller EC it
comparison to ASHP
DHN option

Third party negotiations

that may impact the cost
of heat required
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Tablel0: Specific issues, risks, benefits and disbenefits folPABHN
Short list
option

ASHP DHN Potentially low CAPEX option L°".Ver CoP wil .|mpact
project economics, G@©

Technplogy 1 ASHPs will be Igss e]_‘ﬂment than the GSH_P_s; opera_ltlng savings and renewable
selection temperatures will be important and, as efficiency will vary heat availability durin
with external air temperature y 9

Viability consideration BENES Disbenefits

=

No disruption caused by
drilling borefield

cold periods
. . . . Not dependant on ASHP will be less efficiel
i Heat output and project economics will be negatively accessing ground water . .
Heatresource . : . ) . : in winter andhave a
impacted by external air temperature in cold winter period: and so reduced project lower outout
CAPEX and disruption P
1 Heat generated from the ASHP will be prioritised with gas ~90% of network heat
Plant : . - )
. boilers only supplying peak demands and in times of ASH| demand will be from
operation . :
maintenance / failure renewable technology
Eneravcentre Acoustic attenuation will Will require larger EC
desi gr?c i Additional space required for air heat exchangers impact cost and which could have
g efficiency significant visual impact

Lower licencing

Commercial i  Eligible for GHNF implications and
agreements for heat
supply
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Figurel?7: Schematic of Individual ASHPs
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Tablel1: Specific issues, risks, benefits and disbenefits for individual ASHP

Viability consideration

Benefits Disbenefits

Short list

option

ASHPs in each

building Technology
selection

Heat Source

Plant
Operation

Design

Commercial

Sustainable
ENERGY

¢

= =& A

=

=

|

Lower CoP will impact
project economics, GO
savings andenewable
heat availability during
cold periods

Counterfactual
Potentially low risk option
ASHPs efficienayill vary with external air temperature

Heat output and project economics will begatively
impacted by external air temperature in cold winter period:

May not beoperated and
Higher GWP refrigerants may be used in smaller heat pun maintained in most
efficient manner

Internal and external space required
Heat demand is not diversified, and significantly greater he
pump capacityequired

Unlikely to be eligible for grant funding
Possibly higher heat cost to customers

No disruption or CAPEX
implications associated
with heat network
installation

ASHP will be less efficier
in winter and have a
lower output

Not dependant on
accessing ground water
and so reduced project
CAPEX and disruption
t20SydaAaltte
savings if operated and
maintained efficiently

Visual and noise impacts

. . for residents
No visual impact from

energy centre Additional space

required at each building
(internal for heat pump
and cylinder, external for
evaporator)

Not impacted by change:
to development plans
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The preferred energy centre location was determined tateKillingworth Deposite, which would utilise the mine water

seams. This location was considered to be the most suited as it is on council owned land, located in close proximitil to counc
buildings, and situated above several mine water seams. The heat source capacity esuikd e determined with further
analysis from the Coal Authority on available flow rates to ensure that it could supply enough heat for all identifieéapotent
connections. If the mine watarapacity could not supply the full energy demand, then ASH&8 te used in conjunction

with a mine water connection. The Killingwourite should have enough free space to accommodate these if required.

For this study it has been assumed that the mine water capacity will be sufficient due to the four seant$ dbatity
under the energy centre. Peak and bagkboilers would be located within the same energy centre.

9 Sustainable Page |42
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The key assumptions used for network route assessment can be fouxmpendix 4: Network assessmeRurther details on
network sizing and costing can be found under the heading Network cosgspendix6: Techno Economic ModellingKey
Parameters The results of the economic assessment are shown in segtton

5.1 Heat Network Route Identification

Site terran and land ownership, as well as any potential natural and infrastructure constraints have been as$assed.
proposed network route is shown Figurel8.

N : Legend
A al  Energy Centre
— Assessment area

— Network
] Connected buildings

Sustainabl
) sisigreoe

DWG No: S2064-SEL-ZZ-XX-DR-Z-4009 P01 0 0.5 1 Kilometres
05/10122 7 L . : . |

---------

Eri, HERE, Fsi UK. Fer. HEIK Fsni HERE, Garmin, Geoechnalog es, Irc, USGS

Figurel8: Proposed network route
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5.1.1 Linear Heat Density

The linear heat density of the network has been assessed to identify sections with a low linear heat thensite likely to
significantly reduce the economics of the network. Route sections with a linear heat density below 3 MWh/m have been classed
as low. The results of the linear heat density assessment are shokwiglirel9.

In the assessment area several network sections have been identified to have linear heat density of < 3 MWh/m. These are al
feeds to key council buildings such as schools and areas of makesmalproportion of the network. The rest of the
assessment area indicates that the network has a high potential for viability.

o Legend

A — Assessment area

1 Connected buildings
al)  Energy Centre
LHD, MWh/m
— =1l
— =)

<5

< 3

9 Sustainable
L £) ENERGY

DWG No: S2064-SEL-ZZ-XX-DR-Z-0018 P01 e 0 250 500 Metres
05/10/22 L I I I |

£5ri, HERE, Gamin, (¢} OpenStraetiap contributors, and tre GIS user cammunity, Fsri UK, Fsi, HERF, Garmin, GeaTechnalag es, Irc., USGS

Figurel9: Linear Heat Density assessment

The linear heat density was assessed fortihged DHN; therefore, it does not consider the additional lengths of pipe required

within parcels or development site or internally within the buildings.

Connections at the industrial parkorth of KillingworthDepot were identified to have lowWinear heat density or higher
temperature requirements thereforethe network has been optimised to include only the largest feasible connections.
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5.2 Key Potential Constraints

A desktop study for the proposed network route has been undertaken and key potentisbrietonstraints were identified
as shown irFigure20. Major natural and infrastructure constraints were found to be outside of the assessment area.

Legend

— Assessment area
Local wildlife sites

Sites of local
coservation
importance

Tree preservation
order

Killingworth
coservation area
—— Major roads
—+~ Railway line

s

X «b g@a\‘}na?le

DWG No: I -SEL-ZZ-XX-DR-Z-0002 P02

05/10/22

0 250 500 Metres
]

Fsr. HERF, F5i JK, Fsai, HERF, Garmin, GenTechnalogies, Inc., Intermsp, LUSGS.

Figure20: Key network constraints

5.2.1 Terrain

Figure21 shows the variation in elevation across the proposed energy demand assessment area. Changes in elevation are
unlikely to pose a risk to the development of a heat network or the location oétfegy centre and the changes in elevation
present no significant technical challenge to the pumping requirements of a district heat network.
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Figure21: Terrain constrains

5.3 Housing clusters

A large portion of the heat demand ingkilingworth area relates toesidential dwellingsDetails of the assessed clusters are
shown inFigure22 and Tablel2.

/5 .
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Figure22: Housing clusters

Tablel2: Housing cluster details

Private

% of soci

Density

Cluster Density Soc!al
housing
NO1 high 127
NO02 high 97

NO3 medium 93
NO4 low -
NO5 low -

NO6 medium -

NO7 high -
NO8 low -
NO09 low -
N101 low -
N102 high 150
N103 low 51
N104 low 59

‘ Sustainable
ENERGY

96
77
134
81
132
257
88
481
130
204
121
83
95

housing

57%
56%

41%

55%
38%
38%

% Cluster

N105

N106
N107
N108
N109
N110
N111
N112
N201
N202
N203
N204

Total

medium
high
medium
medium
medium
low
low
low
low
medium
high
high

Social : % of socia
housing Fivate housing

48 119 29%

59 73 45%

15 93 14%

24 142 14%

- 125 -
- 232 -
- 171 -
- 132 -
60 387 13%
- 123 -

54 211 20%
150 19 89%
987 3806 21%

Page |47



To assess which housing clusters should be connected to the networklzeoedit analysis was used to determine the network
viability versus individual ASHPs

The internal network route within the clustedepends on thdousing density. If all houses in a clustesre to connectthen
the network lengths per property for thdifferent densities are:

1 High = 16.3 m/dwelling

1 Medium = 20.1 m/dwelling

1 Low =26.5 m/dwelling

The average cost of theluster pipeworkis £381/m assuming that that PEX pimek is used The steel equivalent would be
more expensive, as it only comes in 12m sections which require weldiegefore if all houses are connected withirchuster,
then the cost per dwelling will be:

1 High£6,236/dwelling
T Medium =£8,449/dwelling
1 Low =£10,109dwelling

In the high-density clusters we have assumed that all of the social housinithin that cluster will connecbut only 10% of
private housing will connect. This willcrease the cost per dwelling as tepineand branchesgreenand blue inFigure23)
will not reducebut the number of feeds (in red) will.

N Legend

A Pipe class
== == Feed

—— Branch

m — Spine

r Connection to network

Y ‘?/Sustainable \LI
S- /) ENERGY

DWG No: S2064-SEL-ZZ-XX-DR-Z-0022 P02 0 50 100 Metres
06/10/22 L ! L )

Fed UK. Feri HERE, Garmin, GenTechnalog s, Irnc., USGE

Figure23: Clustercosting example

Therefore, the cost per dwelling for each individual cluster can be calculated based on the % split between social &nd privat
housing. The counterfactual cost of an ASHP is ~£1(s@@0sectio.3), therefore it is more cost effective to install individual
ASHPs within all, bahe clusters highlighted in green below Trablel13.
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Tablel3: Cluster network costing

. . no. of no. of Overall % . .
Cluster | Density | Dwellings . . . . m/dwelling | £/dwelling
social private connecting connecting
NO1 223

high 127 96 137 61% 21.97243 8,371
NO2 high 174 97 77 105 60% 22.21187 8,463
NO3 medium 227 93 134 106 47% 29.30465 11,165
NO4 low 81 0 81 8 10% 139.9332 53,315
NO5 low 138 0 138 14 10% 139.9332 53,315
NO6 medium 257 0 257 26 10% 92.25161 35,148
NO7 high 88 0 88 9 10% 95.24217 36,287
NO8 low 483 0 483 48 10% 139.9332 53,315
NO9 low 138 0 138 14 10% 139.9332 53,315
N101 low 211 0 211 21 10% 139.9332 53,315
N102 high 271 150 121 162 60% 22.21187 8,463
N103 low 134 51 83 59 44% 42.56957 16,219
N104 low 154 59 95 69 45% 41.93321 15,977
N105  medium 167 48 119 60 36% 34.40119 13,107
N106 high 132 59 73 66 50% 25.13308 9,576
N107  medium 108 15 93 24 22% 48.56039 18,502
N108  medium 166 24 142 38 23% 46.97737 17,898
N109  medium 125 0 125 13 10% 92.25161 35,148
N110 low 242 0 242 24 10% 139.9332 53,315
N111 low 171 0 171 17 10% 139.9332 53,315
N112 low 132 0 132 13 10% 139.9332 53,315
N201 low 447 60 387 99 22% 71.20594 27,129
N202  medium 123 0 123 12 10% 92.25161 35,148
N203 high 265 54 211 75 28% 38.90451 14,823
N204 high 169 150 19 152 90% 17.34318 6,608

From this analysis the ontosteffective clusters to connect are where the social housingllings make up at least 50% of
the total dwellingsOnly dusters NO1, NO2, N1QAX 106 and N204 will beonsidered for connection to the heat network

5.4 Summary

The selected network route considers:

=a

Minimising pipe length

Routing through publicly owned land and service areas of connected buildings as much as possible
Trench excavation, backfilling and reinstatement costs for different ground conditions

Physical constraints and site barriers

The outputs of hydraulic modelling exercises (including pipe lengths, dianmetatation,and materials)
Calculated heat distribution losses throughout the network

CIBSE / ADE Heat Networks Code of Practice (specifically Objective 2.5)

Linear heat dengy

Critical feedback from planners

Planned infrastructure projects

Liaison with DNOs, scrutiny of historical OS maps, consideration of land ownership and future developments

=2 =2 =4 A 4 A5 &5 &5 5 A
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The key assumptions used in the netwagsessment are discussed Appendix3: Key Parameters and Assumptioiifie
results of the economic assessment for the preferred network opgicashown insection8.

6.1 Phasing

A detailed sizing exercise has been undetak dza Ay 3 {9 Qa KSI { LX=rYtbdl dnafyRes iheKHBWNEY |
network heat demand, network losses, water source temperature, heat pump capacity and modulation and thermal store size
on an hourly basis for a full year taking into accountity daily and seasonal variation as well as peakadfideakelectricity
GFNAFFE&D CdzNIKSNI RSGFAEf A& 2F { 9] QaApkeddixt: Techimtony SiziggR G K S NI |- £

The proposed network is assessed over three phases:
1 Phase 1Key existing Council owndxuildings shopping centrand social housing clusters Nagad N2

i Phase2: Larger loads from industrial estate, social housing cluster N204@umakcil owned Burradon School.

1 Phase3: Long term planned developmenémdsocial housing clusteiN102 and\106.

The network phases, shownfiollowing section have been chosen based technical issues, economics, timing of
developments and risks. The network phasing and timing has been estimated based on high level infdroratiba North
TynesideCounciltto coincide withthe desire toachieve Green Heat Network Funding Ritase hetwork. The timings of
further phasesare based on experience for the development of heat networks within city/town ceniirks.phasing and
timing of network should be further assessed if additional defailgthe area become available.

A Legend
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—— Phase 3
Connections
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5 Phase 3
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i Sustainable PR -/
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Fsr. HFRF, Fsri UK Fsri, HEK, 7, RERF, Garmin, GeoTechnologies, Inc., USGS.

Viest Moo

Figure24: Phased network route
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6.1.1 Phasel

Phase has identifiedseventeermpotential connectionsThe keyPhase Tonnections includ&lorth Tyneside&Councibuildings
including council school&ilingworth shopping centre includinglorrisonsand MatalaryHome bargains.The network route
and connected buildings are shownHRigure25, further detailson connected buildings are shownTablel4.

Legend

A E = e 5502 @) Energy Centre

.‘: g Network
6 = Phase 1
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“BuRy I Social housing
7 Private sector
I Public sector

FLODDEN

DEE

BROOKLAY

(’ Sustainable Kilirworth
- ENERGY

DWG No: 32064—SEL-ZZ-XX-D?R-Z-OO19 P02 i 0 250 500 Metres
05/10/22 % L L i L |

Esri, HERE, Gamin, {c) OpenStraetMap contributors, ana the GIS user cammunity, Esii UK, Fsni. HERF, Garmin, GeaTechnalogies. Irc., USGS

Figure25: Phase 1Heat Network Layout

Tablel4: Phase hetwork connections

Annual heat demanc  Connection

Site name Site ownership MWh capacity, KW

1 Killingworth Site 1,521.5 1,100

2 GrasmerePrimary Public sector 2115 340

3 Silverdale Primary 292.3 190

4 NO2 social housing 1,762.0 710
Social housing

5 NO1 social housing 1,193.4 470

6 Bailey Green Primary 203.3 310
Public sector

7 Amberley Primary 295.0 380

8 Wellspring Medical Practice Private sector 122.9 130
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Annual heat demanc  Connection

Site name Site ownership

MWh capacity, kW
9 Killingworth Social Club 244.0 210
Private sector
10 Kings Arms 231.0 180
11 White Swan Centre Public sector 858.4 400
12 Killingworth Shopping centre 169.2 100
13 Morrisons 1,212.4 670
Private sector
14 Matalan / Home bargains 1,277.2 710
15 Telephone Exchange building 104.8 50
16 George Stephenson Public sector 985.3 1,720

The profiles for each phase have been created based on the identified heat demands faoeaektion Theheat demand
profile for a year from January to December is showrFigure26. Figure27 displays thePhase laverage, minimum, and
maximum heat demad over 24 hours.
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Figure26: Annual heat demangrofile for Phase 1
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f Average kW ==t==Maximum k\W ==ge=Ninimum kW ===Summer month average ===Winter month average
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Figure27: Average, maximum and minimum hourly heat demanddbase 1

Furthermore Figure28shows load duration curve (sorted heat demand in descending order) which highlights the phase's peak
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Figure28: Load duration curve fdPhase 1

A summary of th&hase hetwork is shown iTablel5.
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Tablel5: Phase summary
‘ Phase 1

Total heat demandexcluding losses) 10,6884 MWh

Network length 8,824m

Peak heat demand 4.6 MW
16

No. of heat connections / customers

6.1.2 Phase?

Additional toPhase Iconnections,seven potential connections have beaentified as a Phase2 heat network. The key
Phase2 connections includerivate sectorbuildings withing thelndustrial Estate social housing cluster and wcil owned

school.The network route and connected buildings are showRigure29.
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Figure29: Phase2 network layout
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Tablel6: Phase? network connections

Site name Site ownershi AL L SISl
P demand, MWh capacity, kW
17  West Rock Newcastle 444.0 270
18  Metnor House 176.6 180
19  Offices 2.1 DCS Multiserve & Careline 120
Homecare Private sector 101.9
20 | Warehouse 2.1 PaddlePod 485.8 240
21 | Fenwick Warehouse 1765 140
22 JohnLewis & Partners Delivery Hub 545.6 360
23 | N204 social housing Social housing 845.9 480
24 Burradon Community Primary School Public sector 2254 370

Figure30 showsPhase? annualheat demand profile Average, minimum, and maximum heat demand over 24 hdars
Phase? is shown inFigure31.
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Figure30: Annual heat demand profile féthase2
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[ Average kW === Maximum kW ==ge=Minimum kW ====Summer month average == Winter month average
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Figure31: Average, maximum and minimum hourly heat demandfoase2
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Figure32: Load duration curve fdPhase2

A summary of thé’hase? network is shown ifTablel7.

/g .
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Tablel7: Phase2 summary

Phase2

Total heat demand (excluding losses) 13,685MWh
Network length 13179m
Peak heat demand 6.0MW
No. of heat connections / customers 24
6.1.3 Phase3

Two Phase3 connectiors have been identified planned development and social housing clus&nce, scialhousing cluster
N106is nearbyplanneddevelopmentit shouldonly be connected if proposed developmeistbroughtforward andconnected
to the Killingworth heanetwork. The network route and connected buildings are showRigure33.
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Figure33: Phase3 network layout
Tablel8: Phase3 network connections
Map Site name Site ownershi Annual heat Connection
ref P demand, MWh capacity, kW
25 N102 social housing Social housing 705.2 480
26 N106 social housing Social housing 678.8 330

‘ Sustainable Page |57
ENERGY



Annual heat Connection

Site name Site ownership

demand, MWh capacity, kW

27 | Planned development of Killingworth Lane Private sector 3,500.4 1,180
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Figure34: Annual heat demand profile féthase3
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Figure35: Average, maximum and minimum hourly heat demandbase3
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Figure36: Load duration curve fdPhase3

Asummary of thePhase3 network is shown imablel9.

Tablel9: Phase3 summary

Total heat demand (excluding losses) 18,378MWh
Network length 24655m
Peak heat demand 7.4MW
No. of heatconnections / customers 27

s .
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6.2 Prioritised Network Option

The heat demand and network assessment identified tF
most feasible connectiofor district heat network Figure37
showsthe heat demand of the prioritised solutiosplit by Social housing
ownership. Table 20 shows further detailson number of 24.7% 27.9%

connectionspwnership, and their demands m Private sector

The demand for phase 1 heat is split between 27.66% of s

Pl d devel t
housing and 40.88% of public sector buildings. Phase annheddevelopmen

18.8%
demand is composed of 27.8% of social housing and 33.6¢

Public sector
the public sector. Ph&s3 has a 2.7% public sector demand
and a27.% social housindemand giving NTC a high level o

control over whetheithey connect Theproposed network is

assessed over three phases.
Figure37: Prioritised network bat demand plit by ownership
Table20: Prioritised network heat demand summary

Estimated Estimated

. Heat demand, % heat : : Actual data :
Ownership MWh demand using data for using heat (metered) No. of sites
similar sites  demand model

Social housing 5,185 27.9% - 5,185 - 5
Private sector 5,291 28.5% 5,291 - - 13
Planned 3,500 18.8% , 3,500 - 1
development

Private housing 0 0.0% - - -

Public sector 4,593 24.7% 225 - 4,367 8
Total 18,570 100% 29.7% 46.8% 23.5% 27

A heat network supplied by heat pumps utilising water abstracted fr@md Searand reinjected into the High Main Sedras
been selected as the prioritised network option. However, the abstraction potential requires further assessment

It is assumed th@.51 MW heat pumpat NTCsite energy centre will serve thBhase Inetwork. An additional0.74 MW will
support sening the Phase2 network. Then additional0.56 MW MWSHRvill be installed forPhase3. In total 3.81IMW of
MWSHRwill generate enough heat to serve ththase3 network. A summary of the network heat generation and supply is
shown inTable21. The key assumptiongif the technologyand key parameters are shownAppendix3: Key Parameters and
Assumptions

Table21: Network summary

Phase 1 Phase2 Phase3
Network spine length 2,572m 3,778m 4,881m
Totalcumulativeheat demand without losses 10,69 MWh 13,699 MWh 18,584 MWh
Total cumulative network heat demand, including losses 11,803 MWh 15,276 MWh 21,372 MWh
Peak heat deman¢tumulative) MW 4.6 6.0 7.4
MWSHP capacitjadditional) MW 2.51 0.74 0.56
Total heat pump capaciMW 2.51 3.25 3.81
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Phase 1 Phase2 Phase3

Peak and reserve boiler capagityw 5 6 8
Heat demand met by heat pumpsthermal store MWh 11,707 15,140 20,329
Heat demand meby peak and reserve boilersiWh 0.308 0.436 0.977
% heat demand met by low carbon / renewable technology 97% 97% 95%

Figure38 shows the hourly network heat demand ordered from highest to lowest. Heat demand below the black, blue and
grey lines can be met by the heat pufspin each phaséhe heat demand above thdack, blue and grey linés met by the
thermal stores and peak and reserve boilers.

8,000
Phase 3
7,000
6,000 Phase 2
e
%‘ 5,000 N Phase 1
2
% 4,000 Phase 1 heat
E 3,000 pump capacity
£ Phase 2 heat
2,000 pump capacity
1000 e=Phase 3 heat

pump capacity

1 Hours 8760

Figure38: Load duration curve

The heat from the heat pumps will mebetween90% and 8% of the full network heat demand, including heat losses in the
network. Theremainingof heat demand which is not met ltlge low carbon technologwill be met by the gas peak and reserve
boilers.The peak and reserve boilers veailso supply heain the 2weeks plant downtime a year included in the assessment for
maintenance and repairs to the heat pumps.

Gas boilers werehosen as thewill improve economic viability of the project due to lower gas @gsinst electricityHectric
boilerswould also sigificantly increaséixed chargebased on required capaciand significantly increase riskenergy centre
reliance on thereliability of heat pumps (if the heat pumps are unavailable for significant periods, the operatifoglectric
peak and reserve boilers may be an unacceptable risk for O&M contractors obligated to deliver heat at a specifidruiare).
the modelled assumptionthe heat pumpsre cheaper to operate than gas boilers and will therefore be prioritisgdimising
the emissions from the energy centre.

200,000L hhermal storage has been included at the energy centre to maximise the proportion of heat that can be provided
from the hed pump and reduce the use of the peak and reserve gas boilers.

More details on theprioritised network option andassumptions are mentioned in secti@n

6.2.1 Energy Blance

Figure39, Figure40 and Figure41 show the energy balance for phases 1, 2 and 3 respectively.
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Gas

Heat
Electricity
Gas import, kWh 343,28]| Peak and reserve gas boilers |
Heat generated, kWh 308,953
Losses, kWh 34,3213
Heat from other sources |
Heat t twork
Purchased heat o.oo| ot W 10,690,266
Total heat to
[¢
network, KWh 12,016,305
Network and buiding p
losses, kWh 1,326,043
3,627,529kWh Heat pump
Average CoP 3.23
Electricity import, Energy from HP phase
KWh 3,867,855 change, KWh 8,079,82
Heat generated, kWh 11,707,351?
Peak and reserve electric boilers
240,326kWh Heat generated, kWh 0
Losses, kWh 0
Energy centre parasitic load
Electricity demand,
KWh 240,326
Figure39: Phase Energy balance
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Gas

Heat

Electricity
Gas import, kWh 484,761
Electricity import,

4,911,194
kWh

Figure40: Phase? energy balance

4 Sustainable

Peak and reserve gas boilers |
Heat generated, kWh 436,28
Losses, kWh 48,47

Heat from other sources |

Purchased heat 0.00|

Heat to network

connections, kWh 13,695,011
Total heat to j
network, kWh 15,576,553
Network and buiding
losses, kWh 1,881,541
4,599,663kWh Heat pump
Average CoP 3.29
Energy from HP phase
10,540,60
change, kWh
Heat generated, kWh 15,140,26‘1

311,531kWh

Peak and reserve electric boilers

Heat generated, kWh 0

Losses, kWh 0

Energy centre parasitic load
Electricity demand,

KWh 311,531
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Gas

Heat
Electricity
Gas import, kWh  1,085,895|
Electricity import,
KWh 6,654,520

Figure41: Phase3 energy balance

2 Sustainable

Peak and reserve gas boilers |
Heat generated, kWh 977,30
Losses, kwh 108,59

Heat from other sources |

Heat to network

Purchased heat 0.00‘ connections. kWh 18,579,404
Total heat to
network, kWh 21,306,52(
Network and buiding
2,727,11
losses, kWh 727,116
6,228,389kWh Heat pump
Average CoP 3.26
Energy from HP phase |
change, KWh 14,100,825
Heat generated, kWh 20,329,214[

426,130kWh

Peak and reserve electric boilers

Heat generated, kWh 0

Losses, kWh 0

Energy centre parasitic load

Electricity demand,

KWh 426,130
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The proposed network has been assessed over 3 ph&desse lconnectskey existingcouncil owned buildingslarge
commercial bddings in the town centre anthree social housing cluster$?hase? then connectslarger loads from the
northern industrial etate an additional social housing cluster acduncil owned Burradon Scho®thase3 connects longer
term planned developmenrdt KillingworthLaneand a final social housing cluster.

All phases will be suppliegith heatfrom the NTKillingworth Site energy centigsing mine water. For each phase additional
mine waterheat pumpswill beinstalled to supplfow carbonheat. Further assessmerfrom the coal authorityis required to
confirmthe potential for abstraction fronthe mine wokings
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This chapter describes the scheme concept design and includes details of the primary heat sources, peak and reserve boiler
other energy centre equipment, utilities connection requirements and metering

7.1 Futureproofing

Futureproofirg measures have been considered throughout the concept design process for the network optiamsisThe
sufficient capacity in the energy centre design to accommoélatier buildingconnectionsput this will need to be assessed
on a caseéby-case basis

7.2 Killingworth DepotEnergy Centre

The proposedatnergy centrautilisesmine WSHPsThe backugasboilers will be located within the energy centre building and
will be used to provide heat at times of peak demand (if this exceeds the capacity of the heas anchphermal stores).
Controls will prioritise heat from the heat purapsing thermal storesver the peak and reservgasboilers to maximise the
use of renewable technologies. A summary of the technology capafdti€thase Jand additional requirements foPhase2
and Phase3 at the proposedenergy centre are shown ifable22. Figure42 showsprocess flow diagrams (PFDs) for the
proposedenergy centreand Figure43 shows RIBA Stage 2 energy centre design.

Table22: Killingworth siteenergy centre summary

Phase 1 Phascs

MWSHP capacity 2,515kW 3,246kW 3,811 kW
Peak and reserve boiler capacity 5,000 kW 6,000 kW 8,000 kW
Thermal store capacity 200000 L - -
Energy centre footprint (approx.) 693 m? - -

Sustainable Page |66
@



North Tyneside Council Killingworth Site PFD
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Figure42: NTC Killingworth SiteFDg Fully built outPhase 2 and3
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7.2.1 Energy Centre Footprint

31.50 m

Mine water

heat exchanger Heat pump control units
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Heat pump
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Heat pump
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Figure43: NTCKillingworth Siteenergy centre general arrangemeqEully built outPhase3
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The heat pumps will be packaged units connected within the energy centre to two main circuits; the abstraction water source
circuit and the primary heating circuit. The abstraction source ci@®uperates by running a loswemperature, low pressure
refrigerant fluid through a heat exchanger extract the heat from thenine water.

The heat pump refrigerant circuit will be hermetically sealed and subject to-tiesHlirective and the working fluid will be a
Low Global Warming Potential refrigerafturrent refrigerant in the modelled solutionspsopane (R290yith a GWP o08.
More details ondisadvantages and advantages of different refrigesanan be found i\ppendix 8: Heat pump refrigerarit
addition to theheat pump the energy centreiill include heat exchangemndwater treatment unit forthe mine water.

¢KS NBFNAISNI yiG FifdzAR WIo0a2NDPbaQ GKS KSIG FyR o2Afta +d f3
temperature, the gas is then passed through another heathanger, where it condenses, releasing its latent heat to the
primary heating circuit.

The heat pump capacity will be limited based on the phased network demand and the flow rate of water pumped from the
mines Consideration has also been given to théimpm balance between heat generation capacity, capital cost, maintenance
costs and physical size.

I RSGFAESR &AT Ay3 SESNOAAS KFa 0SSy dzyRSNII 1Sy dzaAavilg { 9]
network heat demand, networlosses, watédair source temperature, heat pump capacity and modulation and thermal store
size on an hourly basis for a full year taking into account hourly, daily and seasonal variation as well as peak and off pea
electricity tariffs.Heat pump sizing is further assessed\ppendix5: Technology Sizingy Of dzZRA Yy 3 T dzNIi KSNJ RS
pump and thermal sizing tool. Followingighexercise, #otal of ~3.8 MW of mine water source heat purspare requiredo

serve the 3 phases

aAyS 41 GSN) g2dzf R 0 St 22 BIO NEnénin® Bavedsplimpéd yip fiérd thiSwell or borehole, pass
through a plate heat exchanger before beingimgected back into the mineThe mine water will have to be recirculated
therefore it is important that mine workings which the boreholes abstract and reinject to are hydraulically connBctadoid

WY KANNDdZA GAY3IQ 2F NBOANDdzZ SR YAYS 61 GSNE GKS Fo6adGNF OdA:;
the same mineas shown inFigure44. There are potentially gossible seams thanine watercould be extracted fronas
discussed in sectiod.2 It is preferential to abstract from a lower seam and reinject into a higher saarthe water
temperature will increase with increasing depfhhis study assumes that wateiill be abstracted from therardSeam and
reinjected intothe HighMain Seam.
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Figured44: Mine water abstraction
Peak and Reserve Boilers

The gas boilers have been sized to ensure that failure of any one item of equipment will not prevent the peak heat demand
from being met. Gas peak anelserve boilers have been sized using an n+1 methodology to allow multiple boilers to modulate
in unison to meet heat demands, this will provide redundancy and allow boilers to operate at their highest efficiency
throughout the range.

7.2.3 Thermal Storage

Thermal storage has been included at the energy centre to maximise the proportion of heat that can be provided from the
heat pump and reduce the use of the peak and reserve gas boilers. The thermal storage comprises large cylindrical, insulate
water tanks whib will be connected igeries with each other to maximise the stratification of the stored volume. The thermal
storage will be connected in parallel with the heat pump so that a proportion of low carbon heat is always used to charge the
thermal stores wherthey are below full capacity.

7.2.4 Flues

The design of the flues needs to achieve sufficient velocity of exhaust gas to achieve adequate dispersion, avoiding
concentrations of harmful gasses such as nitrogen oxides (NOx). The effects of wind, laadistictural requirements of
the flues must also be assessed and incorporated into the structural design of the energy centre.

Gas boilersare expected to only operate for short periods of time and discussion Mittih TynesideCoursel Air Quality
manager is required. If possible, gas boildt be ultra-low NOx versions and will run only when the network demand exceeds
the capacity of thenstalled heat pumpand thermal stores, therefore impact on the air quality will be minimakdtired by
local air quality officers, dispersion modelling can be conducted to ensure that any impact is within regulatory limieetd m
local air quality objectives (and this information will be fed back into the flue design process).

Flue dispersio modelling may be required to assess the impact on surrounding buildings, including nearby tall buildings.
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A detailed assessment of the proposed network has been undertaken and the proposed operating conditions reflect the
optimal nework efficiency. To ensure heat network losses are kept below? 1884 to effectively serve a combination of new

build developments and existing buildings with varying secondary systems, the heat network will need to operate variable
temperature conditbns.

The primary heat network will provide heat via plate heat exchangers which means the flow temperature on the primary
network into each building will be slightly higher at ci@&®C at peak conditions and 85 to B°C flov temperatures for
summer conditions.

The energy generating plant in the energy centre will be made up of various technologies that have different temperature
conditions that affect the efficiency of each technology (i.e. gas boilers and heat pump). i&as ban operate at higher
temperatures of 90C without impacting negatively on efficiency. Heat pumipswever, have a performance which is
significantly impacted by the temperature conditions of the network and, to maintain effective performance, kdtosrand

return temperatures should be as low as possible.

Controlled scheduling of heat pumps and gas boilers will be required to maintain an overall efficiency of each technalogy. He
pumps will not be used to supply higher temperature peak demarm#he higher temperatures required for peak demands

will be supplied by gas boilers. However, when temperatures and loads are lower (e.g. summer conditions), the heat pump will
supply higher levels of demand. Detailed modelling and sizang been carriedout to consider varying demand profiles,
temperature conditions and carbon impacts.

The proposed network comprisasainly existing buildingsand limited planned developments. It is assumed the existing
buildings are currentlyperating at flow temperatures within a range of-8a@°C flow and return temperatures of 601°C.
¢KS&aS o0dAfRAYIEA gAff NBIJdzZANB dzLJANF RSa (G2 GKSANI &S0y RI
assessments undertakendicate that, by replacing hot water systems and improving control for space heating systems in
existing building target secondary side temperatures could beCdlow and 45C return for peak conditions, and 86 flow

and 35°C return for summeranditions.If buildings operate at higher temperaturgben supply temperature from the heat

pump needs to be higher, this has a negative impact on the SPF of the heat pump, seeldett®n

Building regulations Part L Volume 1: Dwellings and Part L Volume 2: Buildings other than dwellings both require wet heatinc
systems to be designed with a maximum flow temperature of 55°C. Any planned peaits will be required to be built to

these new regulations so the secondary side temperatures should be in accordance with CIBSE / ADE CP1. When connected
district heat networks, this will result in lower average return temperatures and thereforeaser the efficiency of the
network and the heat generating technologidsrget secondary side temperaturfes planned developments shoulzk 55°C

flow and 30C return.

3 The CIBSE/ADHINCoPstates that the calculated annual heat loss from the network up to the point of connection to each building when fulhytisilt
typically expected to be less than 10 %

4 DH ready buildings have the infrastructure in place to connect to the distrattrietwork in line with the HNCoP and other best practice
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The topography of th&illingwortharea has minimal height variation. The calculated static pressure required in the network
will be circa3.5 bar. Hydraulic separation will be required in high rise buildings (over 4 storeys).

The pumping pressure defines the maximum operagimgssure to generate enough head to deliver the flow rate to all
buildings. Hydraulic modelling was carried out to assess how the pressure in the network will vary throughout the seasons anc
the concept design considers maintaining maximum pressure isyteem at less than 9 bar.

The design utilises variable speed pumps in a Apulthp arrangement (3 pumps 1no. duty, 1no. assist and 1no. standby).
They will be controlled to maintain a minimum pressure difference at specific losatising index differential pressure sensors
within the network. The pump set will be sequenced, and speed controlled (on a demand basis) to maintain a differential
pressure that is influenced by the pressure independent control valves controlling heandeto ensure heat demands are
satisfied and flow rates are minimised.

The benefits of the variable speed function will be realised as peak flow rate conditions will typically only occur periodsf
during a heating season, with average demands d¢pemuch lower.

A gas connection able to supply the peak and reserve boilers 8t/ will be requiredor the North TynesideCounsekite.
A budget quote wasequestedfrom Northern Gador the North Tyneside Counsel sjteowever,this was not received prior
to the completion of tlis study.An estimate figurebased on similar projects has beesedin the assessment.

An electricity connection able to supply the heat pumps and the energy centre will be required at with a 1pedM#apacity
required at North Tyneside Council site. The budget quote from Northern PowerGrid was requested; and a budget quote of
£94,422.78 (incl. VAT) was received for electrical connection. A gas connection quote was not received prior to theonomplet
of this study therefore an estimate figure based on similar projects has been used in the assessment.

A mains water supply and drainage will be required for energy centre.

All metering should be specified with suitable accuracy class indagoe with the Measurement Instrumentation Directive
to satisfy the utility requirements for the purchase and sale of heat, gas, water, and electricity for the energy centre.

Theenergycentre will haveat leastthree heat meters installed: one comied mine waterheat pump heat metera combined

gas boiler heat meter and a combined export heat meter. The ultrasonic flow sensors measure flow and return temperatures
and flow rates and the muHiunction meters will calculate the heat energy exportetieTheat meters will provide output
signals (viaMbus) for instantaneous measurements and cumulative measure of flow and energy. Data from all meters will be
imported into the control system and used for control and monitoring of system performance.

There will be water meters to determine the cumulative use by each of the system pressurisation units, water treatment plant
and the overall incoming mains water to each of the energy centres. All data will be collected by the control system.

Ekctricity meters will be fitted to measure the supply to the heat pumps and the import electricity from the grid.
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All network connections are assumed to be indirect (where a heat exchanger separates the heat network hydraulically from
the building space heating and hot water systems). The commercial connections will consist of a heat substation.

The HIU and substation packages will include:

Supplier meter to meter all heat usage on the primary side of the connection.

Two-port differential pressure control to control the supply flowrate and temperatures across the heat exchanger via
two-port control methodology. Control valves can either be a single PICV or a DPCV with a sepapaie éentrol
valve.

Plate heat exchanger (PHE) at e¥hthe district heat is transferred to the customer secondary side network. PHEs
will be specified with a maximun?@ temperaturedrop between primary and secondasideand a maximum 80kPa
pressure drop on the secondary side of exchanger.

Means of flow masurement and test points on both sides for commissioning purposes.

Filtration to protect the plate heat exchangers and valves from fouling.

Flushing, fillingnd draining details for chemical flushing of all pipework on the primary and secondary side.
Pressure relief, control and instrumentation to allow the supplier control and monitor of the supply of heat.

The commercial connectionsliconsist of a heat substation. The substation includes heat exchangers, control valves and heat
metering and will be maintained by the network operator. The substation can include one or more plate heat exchangers
(PHES) (two shown in the examplerigure45), depending on the size, tuthown and redundancy required for each building.
Typically, two PHEs are installed in parallel, each installed atod(8¢ak load, provide a full thermal range, and some
redundancy to permit service and maintenance periods. Larger substations may include more than two PHEs. Only the ke?
functional features are shown in the simplified schematiEigure45.
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The HIU includes a plate heat exchanger for the space heating, a plate heat exchanger for instantaneous domestic hot water
pressure independent/differential pressure control valves and a heat mateekey functional fatures are shown in the
simplified schematiin Figure46.

HIUs are comparable in size to a domestic combination boiler and are usually wall hung. The hot watqrevioksd via an
instantaneous PHE with a suitable means to ensure the network side of the plate is controlled (to ensure satisfactorgrhot wat
supply response to dwelling taps whilst minimising the supply pipework heat losses during standby periacis)eyting
supply will beanin-direct connection (where a PHE is used to transfer supply heat into the secondary circuit).

The location of the HIU should be as close as possible to the main district heat network to minimise pipe lengths and network
losses. Ideally the HIU will be accessed from outside the dwelling to enable access for maintenance.

The utilities required for the HIU are:

240V spur connection
15mm mains cold water service (MCWS) connection
Suitable drain poin

Figure46: Example of typical domestic HIU connection
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