Bromsgrove
District Council

www bromsgrove gov.uk

Heat Network Feasibility Study for Bromsgrove

Final report

November 2019

\\)/{ GREENFIELD

Electric Works, Sheffield Digital Campus, Sheffield, S1 2B)
info@greenfieldgroup.co +44 7789248432



Report information:

Filename Bromsgrove heat network feasibility_v02 (ci)
0.1 Client issue of WP2 final 4 September
report 2019
0.2 Revision based on 12
Version comments received November
2019
Author(s) Robert Clark
Contributors Oskari Fagerstrom, Jussi-Pekka Kuivala, Sami Sihvonen
Contract
Reference

The information provided in this report is for general information only and should

not be relied on to inform investment decisions or technical design specifications.

It is not intended that the content and analysis in this report should be relied upon

as the basis for commercial bids; bidders are expected to carry out their own due
diligence and form their own technical and commercial solutions.

§)£ GREENFIELD



Table of contents

(€] [0 1311 o PP |

1
2
3

Executive summary......ccccceieeiieciniiieiienienniecnennnenen 1
INtroduction......ccceieeiieeiieeiiiencireeeniencrenerencrenseneneens 3

Energy demands and consumer selection.................. 7
3.1 Key consumers and total demand...........cccccceeeieiiiiciiiiieeee e, 10
3.2 Aggregated consumer demands and profile........ccccceecveeeennnnenn. 13
Heat Network infrastructure................ eerrenens veereenen. 16
4.1 NetWOrK rOULE ..oceiiieiieieeste ettt 16
4.2 Heat network build-out / phasing.......ccceeeveeeeeieeieeeee e 19
4.3 Key network parameters and capital costs........cccccvvvericieeennnnee. 21

[ LT =AY V1T o] V..

LT A 1 4 o o [ ¥ ot f [ o AR 22
5.2 Energy teChNOIOZIES .....cevvieieeiiiiiiee et 22
5.2.1 Ground Source heat pump / Gas CHP hybrid.............cc.cuo....... 22
5.2.2  BiOMQASS BOIIEIS.......ueeieeeieeesiieeeeiee et 24
5.2.3  SECONAAIY ISSUES......uveveeeeeeecieeeeee et eeeeceteeaa e e e e scseeaaas 25
5.3 Supply plant SiZing .....ccceeeeeeee e 26
5.3.1 Results of supply modelling ............ccooeeeeeeecveeeeciaeeeiieaesrenn, 27
5.4 Carbon performMance .......ccccvuveeeeciieieeiiiee e e 29
Economic Viability.......cccceeerreeniirinniiiienccciieecccienneeeee. 30
6.1 Capital COSES...uiiiiiiiiiiiiiiieccce e e e 30
6.2 Energy tariffs, other revenue and operating costs........cccceeeunneee 30
6.3 ECONOMIC @NAIYSIS..ueiiiiiiiiieiiiiieeciteee et et ee e e earae e e aaeee s 32
6.4 Potential variations to economic performance .........cccccceeeennee 35

6.4.1  Grant CONtriDULIONS .......ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeevevveveveseians 36

w GREENFIELD

7 Conclusions & next steps......cccceereeccrencireecernncrennenen. 38

13V o] o714 Lo [ Tol TNt

.41



Figures and Tables

Figure 2-1. Initial heat Network OptioNS ........cccvveeeciiee e e 5
Figure 3-1. Proposed heat CONSUMETS .........cccccuieeeriieeeecieeeccteeeeeree e sereeeesenne e s 8
Figure 3-2. Proposed POWEN CONSUMELS ......cccuuuiiieeeeeeeiiiiireeeeeeesitrereeeeeeesnrreseeeseennns 9
Figure 3-3. Annual hourly heat demand profile........cccocoiiiiiieiiiiiiie e, 13
Figure 3-4. Annual monthly heat demand profile........ccccoiiieeiiiiiiiiieeee e, 14
Figure 3-5. Example month heat demand profile - January .......ccccoccveeiirinnnen.n. 14
Figure 3-6. Example month heat demand profile -July........c.ccceeeeiiiiiiiieciees 14
Figure 3-7. Example day profile - 3rd of January .......ccccccvveeeeiieeeciee e 14
Figure 3-8. Example day profile - 3rd of January .......cccoccvveeeeiieeecee e 15
Figure 3-9. Load dUration CUMVE .......cccueiieiiieeeciie et eeee et e e eere e e e e e e e e e eanes 15
Figure 4-1. Bromsgrove heat network —route plan.........cccccceeieeiiiiiieicceccciieeee. 18
Figure 4-2. Heat network demand growth over time (peak demand and annual
CONSUMPTION) c.etiiiiiiiii ettt ettt e e ettt e e et e e e etaee e e eabeeeeeataeeeesseeeesreeaans 19
Figure 4-3. Bromsgrove heat network — proposed phasing arrangement.............. 20
Figure 5-1. Geothermal energy systems —illustrating the range of energy
EeXEraCtioN POINTS . .ciiiiiiiiiii e e e e e e e eeeee 23
Figure 5-2. Indicative borehole arrangement for GSHP/CHP arrangement............ 24
Figure 5-3 Load duration curve for the network with GSHP/CHP........c..cccuveeveen... 27
Figure 5-4 Load duration curve for the network with biomass boiler.................... 27
Figure 5-5. Variation of annual CO2 emission savings vs. Business as Usual .......... 29
Figure 6-1 Summary of capital COSTS ...t 30
Figure 6-2 Summary or operational costs and revenues ..........ccceccueeeevveeeecciveeennns 32
FIgure 6-3. IRR (25 YBAIS) ..ciueiieecieeieeeieeeecitte e sttt e eeeereessereeeeetreeesnsaeeesnseeeesnseeeesnes 32
Figure 6-4. NPV (25 YEars @ 3.5 %) «.ccceeeeeeeeeeeiieeeeetteeeseeeestteeeesneee e e sveeaessaeeesnes 32
Figure 6-5. Discounted cash flow graphs for Bromsgrove heat network options. .34
Figure 6-6. Investment return sensitivities — GSHP/Gas CHP hybrid...................... 36
Figure 6-7. Investment return sensitivities — Biomass boilers...........cccccccoenvnnnee.n. 36
Table 1-1. Economic modelling results. .........cccoveiiieeecciie e, 3
Table 2-1. Analysis results of initial heat network options — Town Centre .............. 5

Table 2-2. Analysis results of initial heat network options — Bromsgrove School ....5
Table 3-1. Summary of included loads, data source and assumed year of

[olo] g1 [=Tot { (o] o HUN T TP PP UUPPPPUPPTRURPIN 12
Table 3-2. Aggregated consumer demands .........ccooeccvieeieeiieeiiiiiieee e 13

Table 4-1.
Table 4-2.
Table 5-1.
Table 5-2.
Table 6-1.
Table 6-2.
Table 6-3.

w GREENFIELD

Bromsgrove Heat Network key heat network parameters ................... 21
Bromsgrove Heat Network distribution capital costs.........c.cceeevvernnneee. 21
Heat production technologies capacities & energy production............ 28
Carbon emission savings against business as usual...........ccccccceeeeunnneeen. 29
Capital cost summary (whole system).........ccccooveeeeiiieeeciiee e 30
Economic modelling results. .........ueeeeiieiciiiiiiie e 33
Grant contribution required to achieve specific Project IRRs................ 37



Glossary

AHU Air handling unit

ASHP Air Sourced Heat Pump

BDC Bromsgrove District Council

BDHT Bromsgrove District Housing Trust
BGS British Geological Survey

BEES Building Energy Efficiency Survey

BEIS Department of Business, Energy and Industrial
Strategy

BMS Building Management System
BDHT Bromsgrove District Housing Trust
CCL Climate Change Levy

CHP Combined Heat and Power

CIU Cooling Interface Unit

CO: Carbon dioxide (emissions arising from energy
use)

CoP Coefficient of Performance (of heat pumps)

CRC Carbon Reduction Commitment

Delta T Temperature difference between two side of

heat exchange device

DH District Heating

DHW Domestic Hot Water

DN Nominal diameter in mm (Diametre Nominal)
DNO Distribution Network Operator

EU ETS European Union Emission Trading Scheme
EED EU Energy Efficiency Directive

GCV (HHV) Gross Calorific Value (also referred to as
Higher Heat Value)

GIS Geographic Information System
GSHP Ground Sourced Heat Pump
HIU Heat Interface Unit

HOB Heat-only boiler

HN Heat Network

HNCP CIBSE Heat Network Code of Practice
HNDU Heat Network Delivery Unit (BEIS)
HNIP Heat Network Investment Project

IRR Internal Rate of Return

JV Joint Venture

LCOE Levelised Cost of Energy

LPHW Low Pressure Hot Water

MDPE Medium Density Polyethylene (a form of
plastic pipe)

MTHW Medium Temperature Hot Water
NEED National Energy Efficiency Database
NCV (LHV) Net Calorific Value (Lower Hear Value)
NPV Net Present Value

O&M Operation and Maintenance

PWCH Princess of Wales Community Hospital
PWLB Public Works Loan Board

PWN Private Wire Network

QEP Quarterly Energy Prices (BEIS dataset)
RHI Renewable Heat Incentive

ROC Renewable Obligation Certificates

RSL Registered Social Landlord

SPV Special Purpose Vehicle —a company created
for a specific purpose

VAT Value Added Tax

WACC Weighted Average Cost of Capital
WCC Worcestershire County Council
WSHP Water Sourced Heat Pump
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Executive summary

1 Executive summary

This report presents the analysis conducted to consider a range of heat network
options for the town of Bromsgrove.

A heat network would connect multiple consumers, including public buildings,
offices, schools (Bromsgrove School and others), residential properties (including
assisted living facilities), Princess of Wales Community Hospital and several leisure
centres. It would supply heat and power from a centralised energy centre, with
the express aims of reducing energy costs and carbon emissions. Decarbonising
heat supply is generally challenging and a heat network is an important
opportunity that can deliver deep and sustained carbon reduction in an area,
particularly as it facilitates future expansion and the inclusion of alternative
technologies over time.

The work, part-funded by BEIS, Bromsgrove District Council and Worcestershire
LEP, support their goals of developing solutions to decarbonise heat supply. The
intended outcome of the work is to provide an evidence base for preferred project
such that the council and other stakeholders can move to a next stage of
development where the project is deemed to be viable.

The work is defined as a detailed feasibility study and involves mapping of loads
(energy demands), and, identification, initial concept design, and, techno-economic
testing of heat network solutions.

Energy mapping and selection of network opportunities

Energy mapping was completed, focusing initially on consumers and areas
identified by Bromsgrove Council. During the process of data collection for these
consumers, additional properties were also identified. The map below shows all
potential consumers included within the analysis.

1|Page
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The initial stage of investigation (work package 1) identified two principal heat
network opportunities: Bromsgrove Town Centre and Bromsgrove School.
Development and testing of these opportunities subsequently identified that the
economic performance with a variety of energy supply technologies were very
poor. Consequently, the second stage of investigation (work package 2) focused on
a revised solution combining the two sets of consumers (with additions) with a
single energy centre, as shown in the map below.




Executive summary

Princess of Wales Community Hospital and other HACW buildings

Misacows First School Burcot Lane low-rise flats, BDHT

Breme Residential Care Home,
‘ Parkside Middle School (County)

Parkside Civic Centre A
David Lloyd Bromsgrove

Bilberry Place Retirement Living North Bromsgrove Highﬁchool

.\’\J‘HOW College - Bromsgrove Campus

Housman Park retirément housing: 3
g Bromsgrove Sports and Leisure Centre

7
[&sdavﬂromsgr}/eﬁ
.

Windsor Gardens sheltered housing, BDHT,

Nailers Court, Ednall Lane
Lupton Court, New Road

[
Dining Hall (Bromsgrove)

Bromsgrove School - School|House
Bromsgrove School - Lyttleton House @ i
Academic - Science Labs

S;;orts —Sports’ HalT(Bromsgrove)
Boarding - Page House (Prep: School)
¥ Boarding - Elmshurst
Cobham - (Prep. School)

Proposed EC
A po

igh School
.South Bromsgrove High School 0 200 400 600 800 m

Contains 05 data(C) Crown Copyright database right

§\)£ GREENFIELD

Ground source heat pumps, utilising groundwater extracted through a borehole
array and combined with gas CHP is the preferred primary supply solution.
Biomass boilers would be a fallback option. The following table summarises the
two options.

Heat consumption (MWh) == Heat network route Bromsgrove heat network
. <112
® 112-211 & Proposed energy centre Project: Bromsgrove Heat Network Feasibility
@ 211-358
Client: Bromsgrove Distric Council
‘ 358-1,444 y
. >1,444 Date: 20190829 \|/ GREENFIELD

For this heat network solution the following supply options were examined: an
open-loop ground-sourced heat pump (GSHP) system combined with gas CHP, and,
biomass boilers. The GSHP system is a renewable energy technology involving the
drilling of a series of boreholes to the depth of approximately 200m. These would
abstract (and discharge) water at constant ambient temperature (approx. 12°C)
from the underlying aquifer. The water is then essentially upgraded to a
temperature useable for heating and hot water within buildings by an electrically
driven heat pump device.

2|Page

GSHP/CHP Biomass
Economic Good (considered Marginal (considered fundable)
performance fundable)
Carbon Good. Improved if gas Very good
performance CHP is excluded

Low impact operation. Change in localised / town-air air
Presents risk of marginal emissions due to switch for property-
increase in localised (and level boiler to centralised energy centre.
town-wide) emissions to Particulate emissions will require further
air, which can be reduce examination/mitigation measures

by exclusion of gas CHP.

Environmental
performance
(non-carbon)
Results in additional road transport to
deliver fuel to site

High: requires ‘proving’ of = Medium: requires addressing risks

Delivery risk . . .
¥ borehole array. around air emission and the fuel delivery

As shown on the map, the energy centre is proposed to be located at Bromsgrove
School (with land near Bromsgrove Leisure Centre or the Princess of Wales
Community Hospital as fall-back options).

Rationale for development and estimated performance
In general terms rationale for the development of the heat network is as follows:

1. Reduction in consumer energy costs (5% savings on estimated existing
costs has been modelled)

2. Operational benefits for property owners/operators, including reduced
plant liability and releasing property floor space
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Reduction in carbon emissions which have been calculated to be between
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- . s unit GSHP/CHP Biomass
32% (GSHP/CHP hybrid) and 61% (biomass) for connected properties®.
Over a 25-year calculation period this is estimated to deliver the following Total CAPEX (full scheme) £m 20.1 15.4
carbon savings: 39,000 TCO2 (GSHP / CHP hybrid option) and 69,000 TCO> Total REPEX (full scheme) fm 8.7 6.8
(biomass option) Total OPEX (full scheme) £m/yr. 1.2 1.3
Ability to deliver deep and sustained carbon reduction for the town Annual revenue (full £m/yr. 2.2 1.8
through further expansion and incorporating other lower carbon scheme)
technologies in future. Gross margin (full scheme) £m/yr. 1.0 0.5
5. Inward investment into the town of between £15.5m to £20m Consumer heat tariff costs £/MWh 57.5 57.5
(construction costs) with consequent short term employment of (full scheme?)
construction staff .
Total connection fees fm 2.4 2.4
6. Training and the educational support opportunities for development staff NPV (25 yr @ 3.5 %) £m 0.1 36
and students, e.g. Bromsgrove School and HOW college
IRR (25 yr) % 3.5% 1.1%
7. Development of a local energy generation / supply entity which could be . 3 o o o
fully or partially publicly owned. The entity could develop and operate Sl (G (25 i) & 3.4% 2:5%
support subsequent local energy ventures LCOE (25 yr) £/MWh 75.8 90.2

8. Reputation benefits for the town, local authority and other stakeholders Table 1-1. Economic modelling results.

9. Encourage commercial/residential tenant retention in the town (due to
the consumer and reputation benefits)

Whilst there are potential opportunities to improve economic performance there
are also risks to it. As such, itis anticipated that grant support, notably from HNIP,
will be required if the project is to proceed. For the GSHP / CHP hybrid option
£2.6m grant would be required to achieve 5% IRR, £5m for a 7% IRR and £7m for a
10% IRR.

The capital cost of the heat network is estimated at approximately £15.5m and
£20m, depending on supply technology.

The techno-economic analysis completed shows a marginal economic performance
for the GSHP / CHP hybrid option with a 3.5 % IRR (25-year) for the base case, with
a worse result for the biomass option at 1.1%. Both demonstrate an improvement
on the initial results for the discrete town centre, Bromsgrove School heat

networks. The table below shows a summary of the results of economic modelling.

It is anticipated that these values would fall below state-aid constraints and that
the project, in principal, could be structured as a publicly or privately funded
project (or a combination). Project structuring options have not been explored and
this would need to be considered in future work.

In principal, it is considered that the project could be supported by HNIP, but it
should be noted that this is an open and competitive process and is time-limited.

3 Social IRR accounts for impacts accrued to the heat network operator and those connected
to the networks, as well as

1 Calculated of the first 25 years of the project
2 Average across all consumers to the wider community and society as a whole. The
calculation includes net impact on heating costs, carbon emissions and air quality.

3|Page
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It is Greenfield’s recommendation that the council seeks executive and member
support to take the project forward, focusing GSHP/CHP hybrid option, with the
biomass solution as a fall-back.

If the council is able and willing to pursue the project and the key stakeholders
(particularly Bromsgrove School) are supportive then it is recommended that that
the project is moved on to a Detailed Project Development (DPD) or
commercialisation phase. This could be part-funded by HNDU, BEIS under a similar
arrangement that has supported this investigation. DPD would involve developing
a detailed business case, investment strategy, review and resolve key legal, resolve
key technical and risk issues (see risk register in Appendix 11), and, initiate
commercial actions, such resolving governance/ownership arrangements, fund-
raising and procurement.

Aside from commercial and legal issues the following issues will need further
consideration to address the key risk items:

1. Seek council executive and member sign-off for the specific
recommendations to proceed, including any resource requirements and
establishment of efficient decision-making and project governance
(including establishment of a Project Board with senior representation).

2. Establish internal arrangements and necessary resources (financial and
expertise) for effective project management (funding may be available
from HNDU, BEIS)

3. Secure Bromsgrove School’s support for the project (as a key consumer
and host of the proposed energy centre), e.g. through a Memorandum of
Understanding. In addition certainty over consumption data should be
improved.

4. Secure other key consumers including schools, council properties, leisure
centre and the hospital, e.g. through signing of Memoranda of
Understanding, and further understand any connection timing issues. In
addition certainty over consumption data should be improved for all
assumed consumers.

5. Consider the the connection of the coucils development on Burcot Road.
The imminent delivery of this development is at odds with the schedule of
the a heat network scheme. Howevre, if the scheme proceeds prior to

4|Page
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heat network being available, a retrofit connection should be considered
and the properties should be designed to enable this. On a broader point
the council should consider wheter other future development could be
connected to the proposed heat network or that independent network are
considered for these.

Identify and engage with additional prospective consumers, to address the
risks of losing currently assumed consumers, through local promotion of
the project and direct engagement.

Further examine the GSHP borehole design and costing.

‘Prove’ network route, by investigating highways and existing
underground service constraints.

Explore eligibility and timing issues for HNIP funding.
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2 Introduction

The initial investigation int.o heat netwprk options in the town resulted in the Baseload supply CHP GSHP T
development of the two discrete solutions: Bromsgrove Town Centre and .

Bromsgrove School as illustrated in Figure 2-1. Total investment £m 10.2 11.0 10.0

- i NPV (25yr) @ 3.5 % discount rate  £m -3.2 -4.9 -2.2

IRR (25yr) % 0.5 -0.9 1.2

Hosptal EC Grant support to achieve IRR-25yr (as % of capital cost)
IRR - 3.5% % 31.3 44.7 22.1
IRR - 12.0% % 53.4 59.3 48.5

Carbon reductions
25 yr (savings against BAU) % 1.8 36.9 74.5

Table 2-1. Analysis results of initial heat network options — Town Centre

Baseload CHP GSHP Biomass
supply
Sy e Total £m 9.2 7.9 7.1
AZ investment
—_—" NPV (25yr)  £m 3.6 5.5 2.2
Bm:‘m“mmmmﬁm \)/ GREENFIELD @3.5%
Zgﬁ:g,cm location \)Z — — discount
— Heat network route Chent: Bromsgrove rate
IRR (25yr) % -0.3 -3.7 0.5

Figure 2-1. Initial heat network options ; .
Grant support to achieve IRR-25yr (as % of capital cost)

For these networks a range of the technology options were tested: Gas CHP, IRR - 3.5% % 38.9 69.9 31.8
Ground-sourced heap pumps (closed-loop) and biomass b0|I?rs. In each case the IRR - 12.0% % 59.5 73.3 578
network and supply solutions where developed and economic and carbon

modelling was conducted. This results from this analysis are summarised in Table Carbon reductions

2-1 and Table 2-2. 25yr % 2.6 35.4 73.3
(savings
The results showed negative or marginal returns: Town Centre: Project IRR (25- against BAU)

year) up to 1.3%; Bromsgrove School cluster: Project IRRs (25-year) up to 0.5%.
The result also illustrated that it would be difficult to support either project even
with grant support.

Table 2-2. Analysis results of initial heat network options — Bromsgrove School

5|Page
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Whilst it was recognised that either network could provide benefits through
reduced energy costs, carbon reduction and provision of a managed ‘energy
service’ neither were considered economically viable.

As a consequence further investigation / design-development (work package 2)
focused on the following potential improvements:

e Examining an open-loop ground source heat pump solution (rather than
the closed-loop solution explored initially) and the considering the use of
hybrid heat pump / CHP arrangement. The main advantage of an open-
loop system is that fewer boreholes are required to produce the same
amount of heat, which should lower costs, whilst energy harvesting
performance should increase. Adding CHP to this arrangement could also
potentially deliver increased revenues, particularly where generated
power was supplied both to the heat pump systems and directly to larger
consumers, such as Bromsgrove School.

e Examining opportunities for additional consumers, particular assisted-
living properties on the south side of the town centre, and existing
consumers with gas CHP, which were excluded. Both could increase
revenue whilst only adding limited capital costs

e Interconnecting the two networks, which could result in requiring a single
main energy centre, making a significant reduction in capital costs.

e Exploring specific capital cost reduction opportunities, including reducing
peak demands through adjusted consumer demand profiles

e Improving certainty around key issues, including energy demand
estimates, capital costs and project risks

The analysis conducted is consistent with requirement of the UK Heat Network
Code of Practive (CP1).

6|Page
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3 Energy demands and consumer selection

In the first stage of work (WP1) Bromsgrove District Council (BDC) provided a list of
prospective heat network consumers from prior work and the following data
sources were reviewed during the heat mapping exercise, enabling a review of
potential heat network consumers within the study area:

e BDC databases for council-owned non-residential/residential buildings

e Planning documents

e Open source information (e.g. Google maps, OS OpenMap Local)

e Filed EPC/DEC reports

e Extensive direct contact with potential consumers (by Greenfield and BDC)

From the conclusions drawn in WP1 to focus on a single heat network (rather than
two discrete networks) the prospective consumers were reconsidered, additional
consumers were added and information regarding the key ones was collated.
During the process it was also possible to examine further how likely consumers
were to connect, to a heat network. This has resulted in retaining key consumers
including Bromsgrove School, Princess of Wales Community Hospital and BDHT
social housing. Notably new consumers were the David Lloyd and Bromsgrove
Leisure Centres (operated by Everyone Active).

Figure 3-1 illustrates the distribution of the prospective consumers and heat
demand (the size of each ‘bubble’ giving an indication of heat demand).

Figure 3-2 also shows the location and scale of consumers who would also receive
power from an energy network (where gas CHP is included as a supply technology).
Power supply is restricted to Bromsgrove School and South Bromsgrove High, to
limited distance for a private wire network and to reduce complexity, i.e. only two
power supply contracts.

7|Page

This section goes on to describe key aspects of the principal consumers and
schedules the total loads identified.

Appendix 1 includes for detail on the energy demand analysis methodology and
data sources and Appendix 2 provide further data on all prospective consumers ,
including those excluded.
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Figure 3-1. Proposed heat consumers
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3.1 Key consumers and total demand

The key consumers proposed for the heat network are as follows:

Bromsgrove School

Bromsgrove School is a large private school with 200 staff and 1,660 pupils
spread across 50+ buildings

The school campus includes residential facilities and boarders and staff
Majority of buildings are heated by gas boilers

Gas and electricity metering and billing data was provided via the school’s
energy management consultant

Included as a private wire network (power) consumer (close proximity to
proposed energy centre)

All consumption data has been updated from WP1, which has seen some
significant changes for the earlier data which was largely based on
accounting data rather than metered data. This has seen heat
consumption drop by approximately 25%. But is considered to be much
more reliable than data used in the earlier analysis.

Engagement with the school has been positive, and, subject to a heat
network solution achieving commercial requirements, the school are keen
to further pursue this option. They anticipate it would support their goal
of reducing operational costs, reducing carbon emissions and also support
their educational objectives.

Princess of Wales Community Hospital and other HACW buildings

Community hospital and Older Adults Mental Health Unit, including
inpatient facilities

Worcestershire Health and Care NHS Trust

The hospital has provided gas and electricity data and billing information
Currently heat is supplied by three gas boilers in a central plant room
located on the hospital site. No CHP is present on site

The heat network connection is proposed to be located within the existing
plant room

Further engagement with the health trust has confirmed their interest in
connecting to a heat network and also highlighted the need for them to
take action with the next few years since existing boiler plant will need to
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replaced. The trust also confirmed no concerns over resilience/reliability
risks with heat network supply, although they would need further detail to
fully evaluate this. They would also welcome this as an opportunity to
reduce their carbon emissions.

Bromsgrove Sports and Leisure Centre — not previously included in WP1

Council-owned leisure centre operated by Everyone Active featuring a
swimming pool, climbing centre, exercise studios, fitness suite and spa,
opened in 2017

The centre has an 25 kWe (50 kWth) gas CHP unit installed

Everyone Active was not able to provide historical operating data of the
CHP, heating boilers and gas-fired water heaters

Following further engagement, within the heat network modelling (see
later) it is assumed that the on-site CHP would have precedence for supply
to the building, i.e. only the proportion of heat demand presently supplied
by boilers and gas-fired water heaters is assumed to be supplied the heat
network, which is reflected in the consumption figures presented.
Everyone Active confirmed their interest in receiving heat from a heat
network, which they consider could be recharged through existing
contract arrangements to the council.

David Lloyd Bromsgrove — not previously included in WP1

Leisure centre operated by David Lloyd Clubs featuring a swimming pool,
gym, club facilities and spa

A 125 kWe CHP is due to be installed on site during 2019

As per the Bromsgrove Leisure Centre only the proportion of heat demand
forecast to be supplied by boilers and gas-fired water heaters is assumed
to be supplied by the heat network

David Lloyd Clubs provided historical operational data from their other
facilities with similarly sized CHP systems and this was used within the
modelling.

David Lloyd confirmed their interest in taking heat from a heat network.
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Chandler Court Care Home — not previously included in WP1

Recently built care home operated by Care UK

Site employs a gas CHP system, however, no detail on capacity was
provided

As per the Bromsgrove Leisure Centre only the proportion of heat demand
forecast to be supplied by boilers is assumed to be supplied by the heat
network

A 14 kWe (28 kWth) CHP was modelled based on typical heat and power
consumption profiles for care homes

Heart of Worcestershire (HOW) College

Further education college with modern building stock (less than 10 years
old)

Buildings heated by gas boilers

Gas consumption data was provided

College staff confirm interest in a heat network connection where it
provides monetary savings

North Bromsgrove High School

Local Authority (WCC) maintained school, operated under BAM PPP
arrangement

Buildings heated by gas boilers, circa 15 years old. Full BMS controls in
place

Consumption and billing data provided

BAM confirmed their interest in connecting to a heat network.

South Bromsgrove High School

Local Authority (WCC) maintained school, operated under BAM PPP
arrangement

Buildings heated by gas boilers, circa 15 years old

Consumption and billing data provided for gas and electricity
Included as a private wire network (power) connection

BAM confirmed their interest in connecting to a heat network.
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ASDA Bromsgrove

Large supermarket

Consumption data provided directly by ASDA

The bulk of heat demand is supplied by recently installed Air Sourced Heat
pumps (ASHP).

Following engagement with ASDA it was agreed to assuming a heat
network connection at the end of the estimated lifetime of current ASHP
system expires (in 2033)

BDHT social housing

Following BDHT properties were included as heat network connections:
Burcot Lane, Windsor Gardens, Shenstone Court, Parkside Court

o Parkside Court: Approx. 26 sheltered apartments, built in 2017.
Current energy system: communal heating with gas boiler.

o Burcot Lane low-rise flats: 8 blocks of 12 general purpose flats.
Some may be in private ownership. Current energy system:
(assumed) individual gas boilers.

o Cedar Court Flats: Approx. 7 general purpose flats owned by BDHT,
a local RSL. Some flats may be in private ownership. Current energy
system: Electric storage heaters.

o  Shenstone Court: Approx. 33 older people’s retirement 1
bedroomed flats, built 1986. Current energy system: communal
heating with gas boiler.

o Windsor Gardens sheltered housing: Approx. 80 older people’s
apartments (largely 2 storey with individual gas boilers). Some may
be in private ownership.

Demands were modelled based on NEED benchmarking

Energy demand for each prospective consumer is shown in Table 3-1, ranked by
scale (illustrating relative significance). The new development load figures shown
represent estimated demand after full build-out.
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Site

Bromsgrove School (18 properties)
Princess of Wales Community Hospital and
other HACW buildings

Bromsgrove School staff and student
residential (16 properties)

Bromsgrove Sports and Leisure Centre

Asda Bromsgrove
HOW College - Bromsgrove Campus

David Lloyd Bromsgrove

North Bromsgrove High School

Burcot Lane low-rise flats, BDHT*

Parkside Civic Centre

South Bromsgrove High School

Windsor Gardens sheltered housing, BDHT*
Nailers Court, Ednall Lane®

Breme Residential Care Home

Bilberry Place Retirement Living*

Housman Park retirement housing*
Meadows First School

Parkside Middle School (County)

Lupton Court, New Road?>

Life After Stroke Centre

Cypress Court (prev. Cypress House)®
Maple House, Bromsgrove School junior
(independent)

Shenstone Court, BDHT

Housman Court Care Home

7 School Drive Care Home (Dimensions UK)
Wendron Centre (Bromsgrove Day Services)
Alten Court 19 New Road (flats)®

Brook Court*

Bromsgrove Methodist Centre

Chandler Court Care Home

Parkside Court (previously “BDHT housing
for older people”)

Fernleigh, New Rd*

Artrix Theatre

Guardian Court, New Road*

Raglan Court, New Rd (flats)*
Westminster Court®

Blue Light Centre

Sunningdale, 28 New Rd (flats)®

Total

Table 3-1. Summary of included loads, data source and assumed year of connection

4 Requires conversion from individual gas boilers
> Requires conversion from electric heating
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Peak
Heat
(MW)
1.85
0.77

0.62
0.42

0.64
0.52
0.56

0.34
0.32
0.28
0.25
0.25
0.24
0.13
0.12
0.12
0.17
0.16
0.19
0.17
0.17
0.17

0.17
0.06
0.15
0.09
0.06
0.14
0.08
0.09

0.12

0.04
0.06
0.04
0.04
0.11
0.03
0.02
9.73

Heat Load
(MWh/yr)

4,369
2,317

1,393
1,193

1,137
870
699

590
584
474
436
401
377
365
353
347
285
264
255
213
207
201

201
182
170
156
156
146
144
123

109

100

98

97

96

91

88

47
19,334

Power
Load
(MWh/yr)
2,473

471

3,587

Source

Metering
Actual bills

Metering

Metering +
CHP modelling
Metering
Metering
Metering +
CHP modelling
Actual bills
NEED
Actual bills
Actual bills
NEED

BEES

BEES

BEES

BEES
Actual bills
Metering
NEED
NEED
NEED
NEED

NEED

BEES

NEED
Metering
NEED

NEED

BEES

Metering +
CHP modelling
NEED

NEED
Actual bills
BEES

NEED
BEES
Metering
NEED

Year
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. also be the case for adjusting flow and return temperatures (see discussion in
3.2 Aggregated consumer demands and profile section 4.3).

Demand data for each consumer identified has been profiled on an hourly basis.

For estimated consumption (where metered data wasn’t available typical property
typr profiles have been used). These aggregated loads have then been further 8,000
adjusted to take account of anticipated load diversification, to represent the

9,000

7,000
effects of bringing together a set of independent consumers. In order to optimise .
heat network pipe sizes and energy centre capacity, the heat profile developed has 2 6,000
also be adjusted to extend the moning heat-up period, to limit the maximum peaks E 5,000
that would be experienced. g
£ 4,000
The resulting aggregated loads are shown graphically in Figure 3-3 to Figure 3-9 IS 3000
and in Table 3-2. Further detail on the energy modelling methodology is presented N
in Appendix 1. 2,000
1,000
Heat Power
Consumption 19,336 MWh 3,509 MWh G c =2 %5 5 =z £ 3 » = 5 oz g
© 3 -
Production (inc. losses) 22,588 MWh 3,579 MWh = & = « 5 2 = 2 & o0 2 a4
Peak demand ) )
Undiversified® 8.0 MW 1.0 MW Figure 3-3. Annual hourly heat demand profile
Diversified’ 6.8 MW NA
No. of consumers
Non-residential (buildings) 38 358
Residential (buildings) 32 -
Residential (dwellings, included in above) 601 -
Table 3-2. Aggregated consumer demands
Adjusting ‘heat-up’ periods, in practice, will require some investigation into to
specific needs of each consumer building. It will require adjustment to property
management arrangements and potentially investment into internal property level
heating systems (secondary network) and/or improvement of heat loss. This would
8 Undiversified = simple aggregation of the profiled loads 8 Includes Bromsgrove School boarding

7 Diversified = adjusted to account for fact that consumer heating and hot water loads could
be adjusted such that peaks do not occur at the same time. A ‘flattened’ peak would lead to
reduction in the total network and energy centre capacity required
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Figure 3-4. Annual monthly heat demand profile Figure 3-6. Example month heat demand profile -July
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Figure 3-5. Example month heat demand profile - January
Figure 3-7. Example day profile - 3rd of January
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Figure 3-8. Example day profile - 3rd of January

Figure 3-9. Load duration curve
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4 Heat Network infrastructure

This section of the report summarises the infrastructure issues and conclusions for
the Bromsgrove heat network project. Further detail is also provided in the
following appendices:

Appendix 3. Heat network infrastructure — general notes
Appendix 4. Heat network design parameters, pipe sizes and capital costs

4.1 Network route

Based on review of the revised schedule of potential consumers and spatial
constraints (including discussions with Worcestershire County Council highways
staff and the Bromsgrove District Council planners), the heat network route has
been revised as shown in Figure 4-1.

Key adaptations to earlier versions of the network are as follows:

e Asingle energy centre is proposed. This is anticipated to be a key
advantage compared to the two heat networks identified and tested
previously (where each had its own energy centre). This single energy
centre will be circa 465m? for the GSHP/CHP solution.

e Energy Centre location:

o Proposed location: “Piggery Field” on the south edge of
Bromsgrove School estate (near to South Bromsgrove High
School —also a consumer). A location on the Bromsgrove School
estate was the preferred solution because the school will be the
largest single heat consumer and the largest single power
consumer. The school’s Bursar and Estate Manager have
proposed “Piggery Field” as their preferred location since it
would have little conflict with normal operations.

o This location is at the southern-most part of the proposed
network as shown in the map, which is not ideal from an
efficiency perspective (greater heat losses) but it is considered
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that availability of land and the proximity to the school is most
important.

o Alternative options include the development site adjacent to
Bromsgrove Leisure Centre and the estate of the Princess of
Wales Community Hospital.

o  With reference to the hospital, which would be the furthest
consumer from an energy centre at Bromsgrove School, with a
significant load, it is assumed that new boilers will be installed at
this location to reinforce local supply capacity and system
resilience.

e  Various new connections between Bromsgrove School and the town
centre required routing the network via The Crescent

e The heat network branch to Parkside Middle School, Meadows First
School and Breme Residential Care Home has been re-routed through
school grounds (behind Parkside Civic Centre) to enable lower cost ‘soft-
dig’ construction

e Connection added Bromsgrove Sports and Leisure Centre, David Lloyd
Bromsgrove as new connections (on School Drive)

e Chandler Court Care Home added as a new connection on Recreation
Road

In general terms, the heat network route is designed to take advantage of land
where ‘soft dig’ construction is possible and use of council-owned land where
possible. In essence, the network route mainly follows the highway network. ‘Soft
dig’ construction is mainly identified on the Bromsgrove School site, near to HOW
College and David Lloyd, near Princess of Wales Community Hospital and for the
connection to Parkside Middle School and surrounding buildings. It is eastimated
