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Executive Summary

1.1. Context

The purpose of the study was to assess the opportunity to establish low carbon district heating networks
serving a mixture of domestic, commercial and public sector buildings in the Grangemouth (Eastern) and
Falkirk (Western) areas. This follows the previous MACE study?, suggesting district heating schemes could
potentially viable for the Eastern and Western areas.

To provide some context, Grangemouth is the largest concentration of industrial heat in Scotland, with
significant associated carbon emissions. District heating networks, using industrial heat, are therefore viewed
as a component of the overall solution to deliver a lower carbon future for the area, in turn helping Scotland
to deliver on national emissions reduction targets.

1.2. Study Strategy

Our overall approach to the study was 0d ebomldimdand e d o ;
heat customers that could potentially connect to a heat network and working fromthe 6 b ot t d¢ordevelqp 6
viable networks and generation sources around these customers.

Importantly, we recognise that delivering medium-to-large scale heat networks, with significant capital cost, is
challenging at day one. Aside from the scale of cost, there are some significant risks associated with

entering into a scheme that requires contracts with one or more heat suppliers and various private heat off-
takers 1 particularly as district heating schemes (and therefore standard contracts/ agreements) are not yet
common place in the UK.

For these reasons, our study focussed around the assessment of three key scenarios;

1 Scenario 1: Full day one build out
1 Scenario2: Dayone 6 h u levd@loping into the full build out
1 Scenario 3: Standalone Eastern and Western schemes

The hub strategy (Scenario 2) is a common approach in Scandinavia and this is being adopted by a number
of major public network developers in England & Wales. Essentially this involves establishing smaller
standalone networks (a hub) fed by a local (generally temporary) heat source. Over time, the hubs are then
expanded out and interconnected to create a single network or multiple larger networks, generally fed by a
central heat source, allowing the temporary hub energy centres to be removed. A fully built out network is
therefore established over time. This phased approach is also preferred due to the fact large scale heat
generators (e.g. biomass CHP, waste incineration, industrial heat recovery etc) generally require larger heat
demands i.e. larger heat networks.

Developing out the network in smaller segments allows the scheme to grow in a phased manner, minimising
the capital spend at any one point and, critically, ensuring the appropriate heat supplier and off-taker
agreements are fully in place for any particular stage of the network, therefore reducing financial risk.

Heat Sources
It should be highlighted that the potential availability of industrial heat from a number of local sources has
also informed the study, including;

1. Existing INEOS petrochemical refinery plant,

2. Potential new biomass CHP plant being developed by Silva Renewable Energy Limited at
Grangemouth port, and

3. Potential new Energy from Waste (EfW) plant being developed by CalaChem at the Earls Road site.

IMACE 6 Gr a n g eBEnergy Prbject, Summary R e p odatédd7-12-2015
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The study also considered the opportunity to recover waste heat from the Verdo Renewables site. This heat
source, however, would be at 65/60 degC and it is likely that this would be insufficient temperature to serve
all of the local hub buildings (under Scenario 2), particularly Grangemouth High, Grangemouth Sports
Stadium and the Macdonald I nchyra Hotel, without
systems. Given that, eventually, a wider higher temperature network was expected (i.e. Scenario 1, or fully
built out Scenario 2), this heat source would have limited application in a wider network.

1.3. Summary

A full set of technical, economic, commercial and legal conclusions is provided under Section 10 of this
report. In summary, our key findings are;

1. The heat load density? and linear heat density® for the study area are very low. For the basis of
comparison, the linear heat density benchmark for a viable scheme in the UK is approximately
AMWh/m of pipe, or greater. The following table shows the heat densities for some typical hubs and
the full build out scheme; it is noted these are significantly lower than benchmark.

Scheme Linear Heat Density
(MWh/m district heat network)

Oxgang Hub 1.7

Distillery Hub 0.5

Sports Hub 13

Day One Full Build Out 11

Future Build Out 0.8

2. Scenario 1: As can be observed from the key economic results in Section 1.4 below, the full build
out scheme only shows an economic return when the significant Verdo heat load is included
(Verdo load is greater than 50% of the overall day one load). Including such a large private anchor
load, where this is critical to the scheme, clearly presents a significant risk;

a. ltis likely to be difficult to sign up Verdo to a long term contract,

b. The level of heat sale and purchase price would require careful negotiation,
c. [Redacted]

d. [Redacted]

Making a significant capital investment in a wider network based around the Verdo load is
therefore inherently risky.

3. Assuming Verdo is not connected, a significant capital grant would be required to make the
scheme economically viable. Refer to results presented under Section 1.4 below.

4. Scenario 2: Of the initial hubs, only the following present potential to develop the scheme. Next
steps for each are presented under Section 1.5 below.

a. Western Network: Extension of the existing Council owned Callendar Park CHP scheme.

b. Western Network: Stadium hub, potentially when the future Gateway loads can be realised.

c. Eastern Network: Sports hub, including Verdo load (but noting risks presented under item 2
above).

2 Heat load (MWh) per square kilometre across the study area
8 Heat load (MWh) per linear metre of district heating pipe required to serve the scheme

subst



5. Scenario 3: Of the standalone Eastern network options modelled, only the option with Silva heat
supply and including Verdo demonstrates a positive return, although this is a marginal 4% IRR at 25
years (again, noting risks around Verdo load presented above).

The standalone Western network option, served by Silva, does show a positive return, but similarly
this is a marginal 4% IRR at 25 years. It is important to highlight these results are for the fully built
out scheme (i.e. including future build out Gateway and residential connections), and therefore this
scheme could not be progressed at this time, unless done so at the risk of the Gateway development
not proceeding, or heat loads being less than anticipated.

6. Of the industrial heat supply options, the INEOS supply does not provide carbon savings versus
the Business As Usual (BAU) scenario of existing local gas boilers or electric heating in local
buildings. INEOS would supply heat generated by natural gas boilers (resulting in similar levels of
emissions), but heat losses from the district network would increase the overall heat demand and
therefore total emissions (circa +21% over BAU for the full build out scheme). Silva (biomass) and
CalaChem (EfW) options are inherently lower carbon, resulting in significant carbon savings over
BAU emissions.

Ultimately this raises a fundamental question around employing a heat supply served by
INEOS. A district heating network (if supplied predominantly by INEOS) simply substitutes
local natural gas generation, for centralised natural gas generation. As such, the low carbon
objective for the heat networks is not achieved by employing this heat source.

7. The proposed CalaChem EfW plant could not be a sole provider of heat to the network in the
same way as INEOS or Silva, as the available load is only anticipated to be c2 i 3MW (less than
10% of anticipated peak load required for the full build out scheme). CalaChem are therefore viewed
as a potential additional supplier as part of a mix of heat supplies to the network (to achieve the total
load required).

8. An Energy Services Company (ESCo) approach is likely to be the preferred solution to develop the
scheme further, but noting this will be dependent on which recommendations (described under
Section 1.7 below) are taken forward.

1.4, Key Economic Results

Key results are presented below for each of the scenarios discussed above, including grant funding levels
required to make a positive economic case. Results are presented for a 25 years, with further 40 year
timeframe figures provided within the main report.

Without Verdo Renewables With Verdo Renewables
CAPEX NPV IRR Capital CAPEX NPV IRR Capital
(25yrs) (25yrs) Grant (25yrs) (25yrs) Grant
Required* Required*

Scenario 1: Full Day One Build Out

Scenario 171 -£52.7m -£24.9m -1% £25.8m -£52.9m £0.34m 4% £0
INEOS heat

Scenario 17 | -£50.6m° -£22.9m -1% £25.8m -£50.8m £2.3m 4% £0
Silva heat

4 Level of capital grant funding that would be required to achieve a positive NPV at 25 years

® For consistency the CAPEX figures presented for Silva assume the Council fund the heat supply connection. Should Silva (and/or
Council Tax Incremental Funding (TIF)) fund the supply pipe, we estimate this could reduce CAPEX by circa £3.7m, however, this does
not make a significant impact on the negative economic case presented without Verdo load.



Scenario 2: Day one 6 h u bdsw@lpping into the full build out

Scenario 271 | -£63.9m°® -£27.6m -3% £28.5m -£64.1m -£1.5m 3% £0.85m
INEOS heat

Scenario 21 | -£61.8m -£26.0 -3% £26.8m -£62.0m £0.18m 4% £0
Silva heat

Western Area

Stadium -£2.9m -£2.7m n/a £2.8m
Hub
Graeme Hub | -£3.9m -£2.8m n/a £2.9m

Eastern Area

School Hub -£6.3m -£5.5m n/a £5.7m -£10.1m £5.9m 12% £0
Sports Hub -£3.2m -£2.9m n/a £3.0m

Oxgang Hub | -£2.7m -£1.9m n/a £2.0m

Distillery -£3.5m -£3.3m n/a £3.4m

Hub

On the basis the larger full build out scheme does not appear viable, a further scenario was also assessed to
consider the merits of serving the Sports hub (with and without Verdo), with a standalone heat supply from
INEOS;

Sports hub - -£3.98m n/a £21.5m 25%
INEOS heat

supply

As would be expected, taking into account previous analysis, the viability of this option depends on whether
Verdo is included.

5 The increased level of CAPEX for the hub developed scheme versus day one build out (Scenario 1) is a result of the hubs requiring
temporary biomass and gas generation energy centres (plus ancillary plant) at day one, prior to the main industrial heat supply being
connected for the subsequent full build out

7 Standalone hub results are presented below the phased build out Scenario 2 results, as these are modelled to understand the
consequences of the full build out not being progressed, post implementation of the hubs.



The difference between (a potentially) low heat purchase price from INEOS and higher heat sale price to
Verdo, for such a large annual load, drives a significantly positive NPV and IRR. However, previously noted
risks around Verdo remain for this option.

Furthermore, previous issues discussed around the use of natural gas as a source for the potential INEOS
heat supply also remain for this option (refer to item 5 under Section 1.3 above).

Finally, Scenario 3 was modelled, considering standalone networks for Eastern and Western areas;

Without Verdo Renewables With Verdo Renewables
CAPEX NPV IRR Capital CAPEX NPV IRR Capital
(25yrs) (25yrs) Grant (25yrs) (25yrs) Grant
Required® Required*

Scenario 3: Western Network

West i -£14.9m £1.6m 4% £0 n/a
Silva heat

Scenario 3: Eastern Network

East i -£37.1m -£26.7m -5% £27.7m -£37.3m -£1.4m 3% £1.5m
INEOS heat

East i -£34.9m -£24.6m -5% £25.5m -£35.3m £1.5m 4% £0
Silva heat

As an option for the standalone Western network, a further scenario was reviewed to consider this network
served by a local biomass energy centre, rather than the Silva heat supply. However, all of these buildings
were effectively modelled under the hub scenario (Stadium and Graeme hubs), and although this combined
Western network would only require a single energy centre (rather than two under the hub model), an
additional interconnector pipe would be required to link the two hub areas. As such, the overall CAPEX cost
for a standalone Western network, served from a single local energy centre, would be similar to the overall
cost of the two hubs, which do not demonstrate a positive NPV. We therefore conclude a combined Western
network with a local biomass energy centre would similarly not achieve a positive NPV, and is therefore not
viable.

1.5. Carbon Savings

Carbon savings for the key heat supply scenarios versus a Business as Usual (BAU) case are presented
below. These represent the full build out scheme.

Scenario CO.e emissions (Tonnes)?® Variation on BAU
Scenario 17 Day One Scheme

Business As Usual 8165 n/a
100% heat from INEOS 9901 +21%

8 Level of capital grant funding that would be required to achieve a positive NPV at 25 years
9 Based on DECC emissions date 2016 for natural gas, grid electricity and biomass



Scenario COze emissions (Tonnes)® Variation on BAU

100% heat from Silva or Silva and 1298 -84%
CalaChem
70% heat from INEOS and 30% 7320 -10%

from Silva or Silva and CalaChem

60% heat from INEOS and 40% 6459 -20%
from Silva or Silva and CalaChem

INEOS Heat

Heat from this source is essentially boiler generated heat from imported shale gas. An assumed efficiency of
85% has been used, coupled with our expected network heat losses and pumping power. For this analysis,
the carbon content of the fuel has been assumed to be equal to average UK grid supplied natural gas,
although the ultimate providence of this would have to be tested with the supplier.

Silva and CalaChem Heat

Both of these providers would generate heat from a CHP process, with either biomass or RDF being the low
carbon fuel. Again, final carbon emissions would be required once the technical design is finalised for each
plant, but an approximation has been made within the study to demonstrate the order of magnitude.

1.6. Key Risks

A full risk schedule is provided under Appendix J. The key risks are presented below, split into key headings
of technical, commercial and legal.

We recommend addressing these risks is a key next step in developing the project. It is anticipated Falkirk
Council would act as the lead for each item.

Residual Description Consequence Suggested Mitigation
Risk
1. Technical
Planning P|anning related to temporary Vlablllty of individual Should individual hubs be
Constraints energy centres / biomass emissions. hub solutions progressed, eal’ly
engagement with planning
authorities.
Network heat |Low load density results in a Reduces financial As heat price becomes
loss relatively large heat loss from and carbon benefits | clearer, re-run calculations
network, particularly from residential on the value of higher grade
areas. insulation and explore
innovative approaches to
domestic distribution.

2. Commercial

Load Refer to Appendix G for risk analysis | Loads being At next stage, seek further
certainty of loads. Major loads have been de- |overstated reduces refinement of loads.
risked to an acceptable level for this | heat sale quantity for
stage, but further work can be done, |same infrastructure
particularly regarding commercial cost.

connections




Residual Description Consequence Suggested Mitigation

Risk

Newbuild Uncertainty around demand and Adds further risk to Further certainty and
Gateway and | uptake, since Gateway is still at the | the project economics |understanding of the scale/
Residential masterplanning stage timing of Gateway loads
demands required.

Council Schemes are unattractive for private | Economic risk to Consider progression of
ownership/ sector investment, therefore the progressing the smaller schemes at day one,

participation

Council may be required to
underwrite/ source the significant (in
some cases £50m+) CAPEX spend
and take ownership of the scheme.

This introduces a number of further
associated risks, including; procuring
and bearing the risk of large scale
heat supply, exposure to a single
large demand offtake that would be
very difficult to replace and
expertise, knowledge & experience
of running a large scale DH scheme.

scheme, during both
procurement and
operational phases.

with longer term view to
reduce risk and develop
knowledge and
understanding of DHN before
implementing full build out
scheme.

Heat supply 1 |Having a generation mix can Less attractive for Explore with suppliers
multiple improve the cost/ carbon benefits of | heat suppliers. consequence of reduced /
suppliers the project. However, this reduces varying supply.
the guaranteed load to any
providers.
Heat supply - |If INEOS as a sole heat supply is not | Without Silva, Limited options to mitigate.
Silva attractive, this puts substantially scheme is dependent
more pressure on getting a low upon CalaChem for
carbon supply. low carbon heat,
[Redacted] which is a supply
limited to 2-3MW
(less than 10% of full
build out peak load, if
Verdo is included).
Verdo heat Where it form part of a scheme, the |Load unavailability Recognising this risk, Atkins
load heat load from Verdo dominates dramatically changes | have progressed the
other loads. As such, and as aload |heat load of network. |business case based on a
out-with council control, this brings design that can serve Verdo,
risk to the scheme. but does not depend upon
Verdo.
Financial modelling for the
Awithout Verdd
should be viewed with
significantly greater certainty.
3.Legal
Heat supply |Risk is that the heat supply from 3@ | Should an eventual Progress negotiations with

party cannot be obtained, or
obtained at reasonable commercial
and technical terms.

heat supply from 3
party not materialise,
or be at a heat sale
price higher than
modelling has

heat suppliers.

Only commit spend on parts
of project that would benefit
these negotiations, or
achieve other strategic aim.




Residual Description Consequence Suggested Mitigation
Risk
indicated as a
maximum, any initial
seed investment may
not pay back.
Heat The scheme has deliberately Loads being For phased construction /
take-up targeted base loads that are typically |overstated reduces delivery of project,
in Council direct or indirect control. | heat sale quantity for | memorandum of understating
However, other loads have been same infrastructure | would be recommended with
assumed for connection that are out | cost. heat users to reduce
with this range, including domestic uncertainty. Clearly this first
connections. requires greater clarity on
heat sale price.
1.7. Key Recommendations

As described in Section 1.3 above, the results for the full build out network (Scenario 1) suggest the scheme
i sndot economically viable, unless a significant
the Verdo load can be mitigated.

capita

With regards the hubs (Scenario 2), the only schemes considered viable for further assessment are the
Callendar Park hub & Stadium hub (both Western) and Sports hub, with Verdo (Eastern) i noting risks for
the Eastern option.

The results for standalone Eastern and Western options (Scenario 3) suggest the Eastern network, served
by Silva, demonstrates a marginal return at 25 years, but again has inherent risks around the Verdo heat
load. With regards the Western network, served by Silva, this similarly demonstrates a marginal economic
return, but is dependent on future loads materialising (Gateway masterplan and residential connections).
This scheme is therefore viewed as a longer term option, when load certainty can be achieved.

To allow the project to move forward, our key recommendations for each of these schemes are described
below. Unless otherwise noted, it is anticipated these actions would be led by Falkirk Council.

Stadium hub,
potentially when
the future Gateway
loads can be
realised.

above, the Stadium hub with
temporary generation plant does
not demonstrate an economic
return. Creating a permanent
scheme, with a purpose built
energy centre would therefore
only serve to make this

tem |DHN Scheme Commentary Key Actions
1 Western Area: Callendar Park CHP scheme is 1. Depending on the outcomes of the
Extension of the | an existing Council owned heat recent feasibility study, remedial
existing Council network, serving 6no. works could be undertaken, and the
owned Callendar | Residential tower blocks. additional connections made to
Park CHP scheme. | IRedacted] remaining tower blocks. This
assumes the study proves key
Council criteria have been met e.g.
economic return, enhanced system
performance, increased carbon
savings etc
2 Western Area: As presented under Section 1.4 1. Obtain confirmation from the new

Forth Valley College development
whether the building plantroom/
heat generation source could be
expanded out to serve part/ all of
the Stadium hub (LCITP to advise).
2. Work with Gateway developers to
confirm the heat demands and
programme for the build out, and re-




tem |DHN Scheme Commentary Key Actions
economic case worse (higher assess the viability of this network
CAPEX for new energy centre). when more certainty has been
obtained.
The key to this scheme is 3. Liaise with Silva to assess options
therefore the ability to harness for heat supply from biomass CHP
additional future loads from the plant and, potentially, Silva
Gateway development, which involvement in developing/
may help to provide an operating the hub (possibly taking a
economic return. Clearly these stake in any ESCo structure).
loads are; (a) unknown at this 4. [Redacted]
time with regards scale, and (b)
unconfirmed. As such this is not
deemedand i mme ddchente.e
It is noted that the new Forth
Valley College development is
currently being designed. Initial
discussions with the College and
consultant design team suggest
the development is being
progressed on the basis of a
standalone plantroom with a
ground source heat pump to
serve this building only.
3 Standalone

Western Network
(Scenario 3)

In terms of the larger Scenario 3
Western network (effectively
combining the two smaller
Western hubs at Callendar Park
and Stadium), we consider there
are three realistic options to
progress this scheme. The
preferred option will depend on
the Councils appetite for risk.

Option 1
1 Progress the remedial
works/ extension of the
existing Callendar park
scheme, as described
under Item 1 above.

1 Monitor the Gateway
development, and re-
assess the Stadium area
when these loads have
a greater degree of
certainty, as described
under Item 2 above.

1 Assuming the loads and
economics for the
combined scheme
demonstrate adequate
viability, the overall
Western network could

1. Asperltem 1 and 2 above,
dependant on preferred option.

2. Council to review risk/ reward of
progressing with the scheme now to
secure a Silva heat supply, at the
risk of the future Gateway loads not
materialising.




Iltem

DHN Scheme

Commentary

Key Actions

be progressed with a
heat supply from Silva
(or alternatively a local
energy centre if shown
to be viable at that time).
Itis noted the timescales
for this option may
however preclude a heat
supply from Silva, owing
to their programme for
CfD application.

Option 2

1

Wait until Gateway loads
have a greater degree of
certainty (as per Item 2)
and then re-assess the
whole Western network
scheme (including
Callendar Park) at that
time. As per Option 1,
this could involve a heat
supply from Silva, or a
local energy centre if
shown to be viable.

As with Option 1, the
timing of this option may
preclude obtaining a
heat supply from Silva.

Option 3

l

In order to obtain a Silva
heat supply, the Council
could choose to proceed
with the Western
scheme now, but this
would be at risk, without
certainty of the Gateway
loads materialising.
Ultimately this is a
decision for the Council.

Eastern Area:
Sports hub,
including Verdo
load

The Sports hub is discussed
under Section 1.4 above,
including the option to serve this
network with a heat supply from

INEOS.

The key opportunity and risk
around this network is the
inclusion of the Verdo demand.

1.

Liaison with Verdo to explore the
terms and conditions of a potential
heat off-take agreement. Key areas
will include; annual demand (MWh),
temperatures, availability, heat sale
price, duration of concession and
break clauses.

Liaison with INEOS to explore the
potential for heat supply to a
smaller network, with Verdo as a
private sector anchor load.




Iltem

DHN Scheme

Commentary

Key Actions

3. Firm up any heat loads, through
obtaining annual half-hourly data
over multiple years (where
available).

4. Further assessment of the
classification of INEOS heat (waste/
industrial) and the associated
carbon emissions factor.

5. Obtain quotations from statutory
utility providers for new power
supplies (e.g. to serve the heat
transfer station).

6. A Ground Penetrating Radar (GPR)
survey could be commissioned to
de-risk the heat network route (but
noting this could be deferred and
the risk placed on a D&B contractor,
depending on the procurement
route).

General

Over and above the actions for
specific networks described
above, there are a number of
common/ general actions that
should be progressed at this
stage.

1. Confirm the proposed ESCo
structure for the chosen scheme(s)
described above, noting this could
include one, two or three schemes,
depending on viability and timing.

2. Falkirk Council to explore whether
they are willing to underwrite the
scheme, given the level of risk.

3. Progress Memorandum of
Understanding (MoU), or contracts,
with any proposed heat off-takers.

4. Explore any capital grant funding
options e.g. current LCITP funding
call, or TIF options.

5. Further review of technical
proposals in conjunction with TIF
plans, as these develop.

6. The Council may also wish to seek
detailed financial advice on private
funding options, given the lack of
economic viability for the scheme
(this could be undertaken via a soft
market testing exercise to gauge
interest).

1.7.1.

Improving Scheme Viability

The results presented above demonstrate larger schemes lack viability, but there are a number of smaller
schemes that could, potentially, be feasible for further development i subject to addressing key risks around
the Verdo heat load and certainty/ timing of future Gateway masterplan loads.

For clarity, there are a number of ways the viability of the scheme could be increased. These include;




1. Increase the heat load. There are no obvious large/ viable heat loads that have not been included
in the study, but should (for example) a new industrial off-taker set up in the local area, this could
significantly increase the overall heat demand, therefore increase heat sales and, as a consequence,
improve the economic viability of the scheme.

2. ReducetheschemeCAPEX. The study is based on tigrdtdgating mar k et
supply chain maturity for technologies, materials and systems used to construct a DH network. If this
industry matures and develops in the UK over the coming years as anticipated by The Scottish
Government and the Department for Business, Energy & Industrial Strategy (BEIS), it is likely that
costs will start to reduce and new technologies will further increase efficiencies.

3. Increase the margin between heat purchase price and heat sale price. The dominant cash
inflow for the assessed schemes is the difference between the heat purchase price (e.g. from
INEOS, Silva) and the heat sale price to off-takers. A key driver for any DH scheme, particularly
where this includes residential areas in Fuel Poverty, is to reduce the cost consumers pay for heat i
therefore increasing the heat sale price is not a viable option. This means reducing the heat
purchase price is the only practical means of increasing this margin.

In an effort to make the schemes viable, the study has already assumed a very low industrial heat
purchase price of 1p/kWh. Reducing this would obviously help the economic case, but as things
stand we consider this unlikely 7 and it should also be reiterated that sensitivity analysis of the larger
schemes with a heat purchase price of Op/kWh still resulted in a negative economic return.

1.7.2. Wider Recommendations

This study has highlighted the challenges associated with proving a positive business case for medium-to-
larger scale public heat networks in the UK within a typical semi-dense urban area. As a wider
recommendation we suggest the Grangemouth/ Falkirk areas could be used as the basis for a specific study
to investigate how new technologies or models could be employed to drive down both CAPEX and OPEX
(including heat losses) for these typical schemes.

Specific areas of study could include retrofitting DHN into low density housing (where this replaces existing
wet or electric heating) and lower cost pipe technologies for residential areas.

This type of study has the potential to provide a wider benefit to other similar areas throughout Scotland,
helping to drive the low carbon agenda and, additionally, helping to address key issues such as fuel poverty.
As such, it is anticipated any study of this nature would be led by the Scottish Government, rather than
Falkirk Council.



2. Introduction

2.1. Overview
Atkins has been commissioned to carry out a feasibility study for the Scottish Government, on behalf of

Fal kirk Council (6the Councild), to assess the opportu
serving a mixture of domestic, commercial and public sector buildings in the Grangemouth and Falkirk area.
The project i s parlow@afbontinfrastru@uwe/Teansition ®nograinme (LCITP).

This follows a previous study, carried out by the consultants MACE, to examine the scale and phasing of
future energy networks at Grangemouth.

The project is led by the Falkirk Steering Group, via a Project Team comprising the Council, Scottish
Enterprise (SE), Scottish Futures Trust (SFT) and LCITP.

2.2. Atkins Team

The Atkins led team to undertake the study included the consultants Bizcat UK Limited (strategy and
commercial modelling) and Anderson Strathern (legal).

2.3. Scope

The key requirement for the study is to develop an outline business case for the heat networks that is
technically feasible, commercially viable and with a clear delivery mechanism.

Whilst the study builds upon the previous work carried out by MACE, a fresh view of demands and heat
supply options has been undertaken; particularly in the context of falling gas utility prices for industrial heat
users. The focus of the project has therefore centred more on potential domestic, commercial and public
sector off-takers, in line with the project brief;

6Fal kirk Counci l and LCITP wish to assess the oppor
with the aim of supplying low carbon heating solutions to a mixture of domestic, commercial and

public sector buildings. District heating has the potential to reduce fuel poverty in Falkirk households

and in doing so deliver soci al and health benefitsé

2.3.1. Study Area

The study areas provided within the project brief is shown in Figure 2-1 (Eastern; Grangemouth) and Figure
2-2 (Western; Falkirk) below.

However, it is noted that the brief required consideration of any wider loads or areas relevant to the heat
supply scheme. As described in Section 5 (Technical), Atkins has considered a wider area of Grangemouth,
compared to that shown in the Eastern Network boundary.
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Figure 2-2 Western Network Study Area

2.4. Report Structure

The report has been structured as follows;

1 Section 317 Study Strategy

1 Section4i Stakeholder Engagement

1 Section57 Technical

1 Section6i Economic

1 Section71i Business Case

1 Section 817 Legal

1 Section91i Conclusions and Next Steps

The standard LCITP project data capture tool is provided under Appendix A.



3. Study Strategy and Methodology

3.1.  Overview
The high level study methodology is shown diagrammatically below.

2. Establish

1. SiteReview Potential
Connection:

3. Stakeholde
Engagement

6. Energy 5.HeatlLoad 4. Obtain

Modelling Profiling DemandData

8. Commercie 9. Define
Structure & Prefered
LegaReview Solution

7. Economic
Modelling

Our overall approach to the study was 6demand | ed?d;

heat customers that could potentially connect to a heat network and working fromthe 6 b ot t dordeveiqp 6
viable networks and generation sources around these customers.

The ultimate aim is to deliver a significant scale district heating network across Grangemouth (Eastern area)
and Falkirk (Western area), but we recognise the economic and commercial complexities of such as scheme
make this a challenge at day one. While we have modelled this option, we have also developed a second
option, whereby the final built out scheme can be developed over a longer period of time, by using smaller
initial 6 h u that dan be interconnected (plus picking up additional buildings), to enable the bigger scheme to
develop. The hubs would typically be served by temporary biomass or gas boilers to generate heat, which
are later replaced by the main heat connection from a central source (e.g. industrial heat supply).

As such three key scenarios have been considered in the detailed analysis;
1 Scenario 1l: Full day one build out
1 Scenario2: Dayone6 h u bdevelpping into full build out

1 Scenario3: Standalone East and West schemes

Note all scenarios include future additional build out e.g. the Gateway development and additional
Residential.

t

h



The rationale for combining the Eastern and Western networks, by considering a single 6 f u | | buil d out
scheme (Scenario 1), was to try and deliver a larger viable scheme, which achieves the Councils key drivers
such as an economic return and wider social & environmental benefits.

Layouts for each scenario, including proposed heat network routes, are provided under Appendix I. For
clarity the study areas considered under Scenario 1, 2 and 3 are highlighted (approximately) in Figure 3-1
below.

A
.
\\

Figure 3-1 Study Area Overview

We would also note that three significant opportunities for heat supply from local industrial sources have
helped shaped the study (Silva, INEOS, CalaChem). Refer to Section 4.2 for details.

The Council are keen to progress the district heating scheme in the short term, in order to realise potential

economic, environmental and social benefits of the scheme. Should any of the heat supply options become

viable, the timescales associated are likely more medium term (i.e. Silva plant online 2021, CalaChem EfW

plant online 2019 and commercial negotiation with INEOS is likely to take significant time°), therefore the

6t emporary6 hub scheme was also consieurdi @ésuas bl &t i
the shorter term.

10 The timescales associated with any INEOS negotiations are unknown. There is however limited precedent
for this type of contract in the UK and it is therefore envisaged achieving a signed agreement could take
significant time.



4. Stakeholder Engagement

4.1. Overview

A key requirement of the brief was to engage with the various stakeholders during the study, in order to help
shape the outcomes of the assessment i both technically and commercially. Broadly these stakeholders can
be split into three key categories;

1. Project Steering Group

2. Potential heat suppliers (e.g. INEOS, Silva, CalaChem)

3. Potential heat off-takers (e.g. Council/ Local Housing Associations (LHA) and private/ commercial
sites)

MACE were engaged at the outset of the project to help the Atkins team understand the basis and outcomes
of the previous study.

Within the constraints of the study period, the stakeholder engagement strategy focused on the potential
heat suppliers and the key heat off-takers (bigger loads), where these have the ability to have a significant
impact on the technical and/or economic viability of the scheme. Smaller off-takers were not engaged on the
basis they have a more limited impact on the overall network.

A series of meetings were held at Council offices, Falkirk Stadium, stakeholder premises and by phone.
Records of these key meetings are provided under Appendix B. The key stakeholders locations are shown
below.
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Macdonald

Callendar. .. 3 Hotel
CHP i '

Figure 4-1 Key Stakeholder Locations



4.2. Key Findings

In summary, the key findings*! from the stakeholder engagement exercise are as follows;

Heat suppliers

1. Silva Renewable Energy Limited is in the process of developing proposals for a 120MWe biomass
CHP plant at Grangemouth Port, primarily to generate and sell power via a Power Purchase Agreement
(PPA). Planning and regulatory requirements necessitate Silva to use a percentage of the heat
generated (to meet CHPQA®2 and CFD?*3 conditions), and this could potentially serve the new district
heating network. Should the plant be progressed, heat could be available circa 2021. Silva suggested at
least 4.5MW of heat could be available, with the potential for significantly more if required.

Silva also suggested they could be willing to part fund the main heat transmission pipe from their site to
the Stadium area and/ or play an active role in the overall district heating network Energy Services
Company (ESCo)4.

2. INEOS (Grangemouth petrochemical refinery), were positive with regards to providing a heat supply to
serve the new network. The requirements for heat resilience on the refinery site require INEOS to
maintain back-up steam boilers live at all times, and therefore a heat off-take could be established from
this generation plant. Subsequent to the stakeholder meeting Atkins provided the predicted network heat
demand profile (and equivalent steam demand requirement) to INEOS. An email response from INEOS
(provided under Appendix C) suggested 6t hese demands are not i ncompati bl e
bal anc e s ltistheredoretassiwned INEOS could potentially be a sole supplier to the network,
meeting full peak and annual loads.

3. CalaChem have a current Planning application for a new Energy-from-Waste (EfW) plant on their site;
with potential to have circa 2 1 3MW spare heat that could serve the network. The plant is due online
mid-to-late 2019. CalaChem are keen to have further dialogue around becoming a heat supplier,
however it should be noted the relatively low load available would require another heat supplier serving
the network as part of a mix (e.g. INEOS/ Silva). This may add complexity to the commercial structure
and procurement of the scheme.

4. Verdo Renewables Limited; the team were issued with a feasibility study for a waste heat recovery
from Verdo®®. This concludes that a heat supply of circa 1.1MW, or 10,000 MWhrs per annum?6 could be
provided from a flue gas recovery system. This heat source, however, would be at 65/60 degC; it is likely
that this would be insufficient temperature to serve all of the buildings, particularly Grangemouth High,
Grangemouth Sports Stadium and Macdonald Inchyra Hotel, without substantial capital spend on the
buil di ngs 6 h¥ &iven thal, eventuslly, @ hgher temperature network is expected, this heat
source would have limited application in a wider network. Neither does it achieve a lower heat supply
cost to the consumers than conventional plant would; ultimately its main attribute is its lowered carbon
emissions.

Heat off-takers

1. Verdo manufacture biomass pellets and have a significant process heat load for drying. Initial
discussions with Verdo suggested they are interested in being part of the district heating scheme, as an

11 Refer to Section 5.7.2 for the carbon emissions impact of each of these potential supplies

12 Combined Heat & Power Quality Assurance (CHPQA) i assessment and monitoring initiative for CHP
operational efficiency

13 Contract for Difference (CFD) i contract between low carbon electricity generator and the Government

14 We understand Tax Incremental Financing (TIF) could potentially part fund this pipe network

15| CIP Feasibility Study for Verdo Renewables, Mace, 18/08/16

16 To give idea of scale, this load would be suitable to supply the School Hub.

17 The existing buildings are likely operate at traditional 82/71degC flow/return temperatures. As such,
without major works to the secondary heating systems, temperatures of 80/60degC flow/return are the best
achievable (in line with Heat Networks Code of Practise guidance); as such, the available temperatures from
Verdo would not be directly compatible.



off-taker, or even as a heat supplier. From a technical perspective the Verdo annual heat load is
significant (>50% of total annual network load), however the commercial risk of such a dominant anchor
load being private sector is equally significant. We also understand Verdo are currently considering CHP
generation for their site, therefore third party heat from a district network may not be required (or at a
reduced level).

2. The Macdonald Inchyra Hotel would potentially be interested in being part of the district heating
scheme, as an off-taker, or even a supplier.

3. The design and construction of the new Oxgang Secondary School is being procured through the
Scottish Futures Trust (SFT) hubCo programme?® (Ogilvie). M+E designers Hawthorne Boyle (HB)
provided information on the current heating strategy design proposals, encompassing a 250kW biomass
boiler plus gas back-up boiler(s). The developer will require the biomass boiler to achieve Section 6
compliance?® therefore this proposal cannot be changed to accommodate the potential heat network, but
HB did advise they could leave capped connections for future heat supply/ off-take from/ to the heat
network.

4. The new Forth Valley College development is currently at design stage. M+E designers AECOM
provided information on the current heating strategy design proposal, encompassing a ground source
heat pump (GSHP) with back-up gas boilers and potentially an auxiliary gas fired CHP. As per the
Oxgang School, this design is unlikely to change, but again capped connections could be left for future
exchange of heat with the wider network.

5. The existing Callendar Park CHP is owned by the Council and currently serves a number of social
housing tower blocks at the western end of the park. A study has recently been completed (NIFES) to
consider expanding the network to serve further tower blocks and carry out remedial works to increase
the overall efficiency of the system. The Council would, naturally, be interested in including this existing
heat network as part of the wider network plans.

18 Build only, the school will not be operated by hubCo
19 Scottish Technical Standards Section 6 (energy)



5. Technical

5.1. Overview

This section provides an overview of the technical assessment carried out during the study. It should be
noted that this was developed in conjunction with the economic/ commercial/ legal analysis, to ensure a
joined up approach and consistency of the preferred solutions.

In compliance with the project brief, the study has been developed on the basis of the general requirements
set out in the CIBSE heat networks Code of Practise?? and in particular the objectives of Section 2:
Feasibility, as summarised below;

Table 5-1 Heat Network CoP Checklist

HN CoP Section 2: Feasibility

Objective |Description Status

2.1 To achieve sufficient accuracy of peak heat demands and | Achieved:; refer to Section 5.2
annual heat consumptions

2.2 To identify the most suitable low carbon heat sources and | Achieved; refer to Section 5.3
location of an energy centre

2.3 To determine the location of top-up and standby boilers Achieved; refer to Section 5.3
and use of existing boilers

24 To select suitable operating temperatures Achieved:; refer to Section 5.4

25 To define heat network distribution routes, pipe sizes and | Achieved; refer to Section 5.4
costs

2.6 To determine building connection costs including heat Achieved; refer to Section 6
metering

2.10 To minimise the negative impacts of phasing the Achieved; refer to Section 5.2

development

211 To assess operation and maintenance needs and costs Achieved; refer to Section 6
2.12 To conduct a consistent economic analysis and options Achieved; refer to Section 6
appraisal

5.2. Demands

5.2.1. Overview

The initial task was to consider the Eastern (Grangemouth) and Western (Falkirk) study areas provided in the
brief and establish whether any wider buildings could be included to benefit the viability of the scheme. Note
this excluded the main Falkirk town centre.

A preliminary review suggested the Grangemouth study area could be expanded to include the remainder of
the town, particularly where public sector buildings and social housing could be included. Refer to Figure 5-1.
Essentially this process identified a number of medium scale loads, out with the original study area but in

20 9 H eNetworks: Code of Practise for the U K &IBSE/ ADE CP1 2015



close proximity, that could help to increase the overall heat load without significant additional pipe network
runs.
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Figure 5-1 Expanded Grangemouth Study Area

5.2.2. Phasing

Section 3 references our overarching approach to assess three key scenarios;
1 Scenario 1l: Full day one build out
1 Scenario2: Dayone 6 h u bdew&lpping into full build out
1 Scenario 3: Standalone East and West schemes
Note all scenarios include future additional build out e.g. Gateway and additional Residential.

To explain the hub model further (and to allow the remainder of the technical section of the report to be fully
understood), this is a common approach in Scandinavia, whereby larger networks are developed out by
initially establishing smaller standalone networks (a hub) fed by a local (generally temporary) heat source.

Over time, the hubs are then expanded out and interconnected to a single network or multiple larger
networks, depending on the scale of the scheme, and wider loads picked up to further increase the scale of
the network. The larger network is generally fed by a central heat source, allowing the temporary hub energy
centres to be removed. A fully built out network is therefore established over time. This process is illustrated
sequentially within Figure 5-2, using just the Grangemouth area as an example (although not shown, the
Falkirk area follows the same principle).

Whilst the same end result could be achieved in a shorter programme (and for a smaller overall CAPEX cost)
by building the fully built out network at day one, this is generally not the preferred model from a commercial



risk perspective. In practise it would be difficult to sign up the multiple parties involved in the scheme at day

one.

Developing out the network in smaller segments allows the scheme to grow over time, minimising the capital
spend at any one point and ensuring the appropriate heat supplier and off-taker agreements are fully in place
for any particular stage of the network. We would also note larger UK heat network schemes currently under
development are tending to follow this model to some extent.

For the purposes of this study both models (Scenario 1 and 2) have been assessed to assess the relative
technical and commercial merits. A further Scenario 3 was then also modelled to understand the feasibility of

standalone networks in the Eastern and Western areas.
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Figure 5-2 Example Hub Development Sequence

5.2.3. Load Gathering Process and Sources

In line with the Heat Networks Code of Practise the priority for load data, in order of preference, was as
follows;

1. Oney e a Half Blourly (HH) actual gas consumption,
2. Monthly or annual total actual gas consumption,
3. National heat map data.

A mixture of the above was used to generate the loads for the buildings identified within the study area.
Generally HH data was only available for Council buildings.

Some annual data was received from the Council, based on figures obtained by MACE during the previous
study (e.g. Verdo).

Where no load data was available Atkins in-house benchmark data was used.

Predicted load data was obtained from the M+E designers for the buildings not yet constructed (e.g. Oxgang
School, new College).

A load summary is provided under Appendix E with the source of key data described in Appendix G.

5.2.3.1. Load Risk Analysis

During the course of the study it was highlighted there was a varying degree of confidence in the available
heat data; particularly where this had been obtained from the heat map or, in some instances, where a single
annual value had been provided.

A risk analysis exercise was therefore undertaken to rank the confidence in load data for each building (high/
medium/ low). The Technical Note output from this evaluation was issued during the project, and is provided
for completeness under Appendix E. All significant loads were compared to industry benchmarks to reduce
the chance of erroneous data being used.



I n summary, only the Callendar Business Park heat map
mitigation measure the heat map value was replaced with Atkins benchmark data, which is considered to be
more representative of the actual building heat load.

5.2.4. Heat Load Profile

In order to undertake energy modelling, annual load profiles were generated;
1 Where HH data was used the profile was inherently available,

1 Where annual/ monthly data was used an annual profile was created using Atkins database of
typical profiles for the building use type,

91 Similarly, for heat map and benchmarked loads, Atkins database was used to create a profile.

Individual heat load profiles for each building were therefore created (to assess Scenario 2 and 3), plus an
overall combined 6full build outé profile to assess th

Typical individual building profiles (weekday/ weekend) are provided in Figure 5-3 and the overall built out
heat demand profile in Figure 5-4 below. A larger scale copy of the full heat profile is provided under
Appendix D for ease of reading.

Weekday

1 2 2 45 6 7 & 9 101112 13 14 15 16 17 18 19 20 X 22 23 M4

Typical weekday profile (24hr period)

Weekend

1 2 2 45 6 7 8 9 10111213 14151617 18 19 2021 22 3 4

Typical weekend heat profile (24hr period)

Figure 5-3 Typical Building Heat Profiles
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5.2.5. Peak Heat Load

The diversified overall heat load profile suggests a peak heat load for the larger network as follows:

Scenario Peak Load (kW)
Day One Build-Out, excluding Verdo Load 18 MW
Day One Build-Out, including Verdo Load 30 MW
Future Build-Out, excluding Verdo Load 30 MW
Future Build-Out, including Verdo Load 42 MW

5.2.6. Metrics

In order to review and justify the buildings (loads) chosen to be included within the scheme, a two stage

process was undertaken;

1. Consider anchor loads throughout the study area (i.e. larger public sector loads) and assess how
these relate geographically to the day one hubs and the full build out. To some extent this is a

subjective exercise.

2. As the design developed, employ a number of industry recognised benchmarks to quantify whether
the loads merit connection. A more objective measure. This includes heat losses (% losses of total
demand) and heat network line density (MWh demand per linear metre of pipe route).




Obviously step 2 above cannot be fully completed until key data such as the length (m) of the network is
known, which can only be determined when a level of design has been undertaken.

Data from this exercise is provided under Appendix E. In summary;

1 The overall linear heat density is relatively low (MWh/ linear m),

T Line density for individual building connections is generally good to reasonable?!

1 Heat losses across the individual hubs are around average, with certain hubs having higher
percentage heat losses. When the interconnecting pipework to join hubs to the heat supplies is
considered, the overall network heat loss is higher than benchmark.

For the basis of comparison, the linear heat density benchmark for a viable scheme in the UK is

approximately 4AMWh/m of pipe, or greater. The following table shows the heat densities for some typical
hubs and the full build out scheme; it is noted these are significantly lower than benchmark.

Scheme Linear Heat Density
(MWh/m district heat network)

Oxgang Hub 1.7

Distillery Hub 0.5

Sports Hub 13

Day One Full Build Out 11

Future Build Out 0.8

5.2.7. Loadsi Conclusions
A number of key conclusions can be drawn from the load assessment;

1. The study area benefits from a significant proportion of public buildings and housing; these help
when trying to establish a public led heat network (less risk than private loads) and can furthermore
be used as leverage to alleviate fuel poverty in the local area.

2. The Verdo Renewables site has a significant heat load and, from a purely technical perspective, is
beneficial to the scheme. However, we recognise the commercial risks around having such a
proportionately large private anchor load.

3. Therelatively large geographical study area, combined with small-to-medium dispersed loads, mean
the overall load density for the network is low (MWh/sgkm). Similarly the line density is low, with a
significant total length of pipe versus a comparatively small overall load. This will have impact upon
the final economic case; i.e. more CAPEX and OPEX is required compared to a comparable sized
heat load in a benchmark scheme.

4. Our confidence in the load data is generally medium or high.

21 Some buildings have not been included due to their low line density; i.e. they are too far from the trunk
network compared to their size of heat load. There may of course be client-led strategic reasons for
connecting certain of these buildings. Likewise, some buildings that have low line density have been
included, sometimes due to their strategic location, other times due to the type of building (i.e. social
housing).



5.3. Heat Sources and Supply

5.3.1. Overview

As discussed in Section 4, the study has been motivated by the opportunity to use industrial heat from local
sources (INEOS/ Silva/ CalaChem), shown indicatively in Figure 5-5. Along with any political and carbon
benefits of employing these sources of heat to feed the network, there are significant CAPEX and OPEX cost
savings, versus the alternative of building, operating and maintaining new energy centre(s) with heat large
scale generating plant.
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Figure 5-5 Industrial Heat Supply Options

5.3.2. Hub Heat Generation Options

As noted above, the intention is to serve the fully built out network from an industrial heat source, under both
Scenario 1 and 2. This is shown indicatively by the timeline below (timescales and number of hubs for
illustrative purposes only).



Timeline et
heat
Full build out  supply
Scenario 1
| [ [ [ [ [ | | I |
Year 1 2 3 4 5 3] T i 9 10
ScenariOZI I I I I I *
Hub build out Industrial
heat
supply

With regards to the hubs (Scenario 2), temporary heat generation sources will be required to supply the
networks in the interim period. To minimise CAPEX, these would take the form of containerised plant,
encompassing heat generating plant and ancillaries such as pumps, pressurisation sets, chemical dosing
etc.

The temporary nature of these installations, plus the final built out scheme being heat supply only, drives the
choice of generation technology;

1 CHP (gas or biofuel) is not preferred, as the electrical infrastructure required would become surplus
when the main heat supply is connected and the hub plant removed.

1 Ground or water source heat pumps require a significant amount of infrastructure (borehole or
water based collectors), which again would be redundant post main heat supply.

1 Although developing rapidly, air source heat pumps are not yet at the scale or commercial viability
to serve the hubs.

1 The hubs are not of a sufficient scale for larger capacity technologies such as EfW.

From a practical and economic perspective, the technology choice therefore centres around gas boilers or
biomass heat only boilers. The key advantage of employing biomass is the ability to receive Renewable Heat
Incentive (RHI) payments for the heat produced??, positively impacting the business case for each hub.
Additionally, biomass is a lower carbon option.

On this basis, biomass boilers are the preferred option for the hubs and the technical & economic modelling
progressed on this technology. Were it certain that hubs were only going to exist for a very short time frame,
cheaper to purchase (or even hire) gas plant would be preferred.

5.3.3. Cooling Options

A review of the study area suggests there are no major obvious cooling demands that should be
incorporated as part of the proposed energy networks. Attempts to engage with Asda during the course of
the study, to assess any cooling demands their local distribution centres may have, were ultimately
unsuccessful.

There is no proposal for any cooling generation plant as part of the heat supply scheme.

5.3.4. Back-Up Boiler Strategy

The back-up boiler strategy can be reviewed in terms of both the hub and built out heat supply options;

22 RHI is currently available over a 25 year period



1 Hubs

o Under this option most existing local boilers in each building would be decommissioned, with
the central hub generation source supplying all heat.

o The only exception to the above is where the off-taker is a critical heat user and existing
boiler plant may be retained for resilience purposes.

o Within the central hub energy centres, back-up/ top-up gas boiler(s) will be provided to
supplement the lead biomass boiler. Where appropriate, this back-up boiler plant is existing
capacity within adjacent anchor loads (generally schools).

9 Built Out (Industrial) Heat Supply
o Alllocal boilers will be decommissioned, with critical heat user exceptions as noted.
o With regards to overall back-up on the network;
A INEOS have significant resilience within their energy centre, which in turn would
provide back-up capacity for the heat network
A Silva noted they would look to employ back-up biomass boiler(s) on their site,
should the main biomass CHP be used as a network heat supply
A CalaChem are planning to install significant gas boiler back-up (3 or 4 boilers) as
resilience for the new EfW plant.

On this basis, and in an effort to minimise CAPEX and OPEX costs for the fully built out scheme, separate
back-up capacity has not been included for; it is envisaged that this can be provided from the industrial heat
supplier(s).

5.3.5.  Thermal Storage Strategy

The thermal storage strategy can also be reviewed in terms of hub and built out options;

1 Hubs
o Local thermal storage has been allowed for within each hub energy centre. This would be
employed to maximise the running time and efficiency of the biomass boilers, helping to
maximise RHI income and carbon savings.

1 Built Out (Industrial) Heat Supply
o Save for any central thermal storage that may be employed by the heat supplier (locally on
their site), it is not envisaged bulk thermal storage will be employed on the network.
o Heat suppliers are unlikely to employ thermal storage, as there is no benefit.
o Itis noted that the built out network is likely to have in excess of 50km of district heating
pipe, which will inherently have a significant water volume, effectively acting as a thermal
store.

5.3.6. Planning Review

Planning issues for the heat generation elements of the scheme will only apply to the hub option; the
industrial heat supply plant is either existing or consents are being sought by the developers (Silva,
CalaChem).

Although the biomass boilers within each hub will be temporary, the requirements of Planning with respect to
emissions would still apply.

Discussion with the C o u n dPlahnidgsteam highlighted that both Falkirk and Grangemouth have Air Quality
Management Zones (AQMZ). As such, cost allowances have been made for anticipated flue heights and
possible further abatement measures for the boilers (e.g. abatement filters).

The buffer zone around the Antonine Wall has been considered during the outline design; obviously final
approval would be required for routes in this area, and an archaeologist present during digs.

For further Planning commentary refer to Section 8 (Legal).



5.3.7. Energy Modelling

Using the load profiles and proposed generation plant, energy modelling was carried out for all scenarios.
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from the models are shown in Figure 5-6.
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Figure 5-6 Typical EnergyPro Model



Key outputs from the energy modelling are provided below for the Scenario 1 and 2 options. Layouts for the
fully built out scheme and hubs are provided under Appendix I.

Table 5-2 Energy Modelling Results
Description Plant Capacity Thermal Annual Number of
Storage Heat Output [Buildings served
Volume (m3) (MWh) with heat supply®®
Scenario 171 Full Build Out?
Full Build Outi INEOS
n/a n/a
Supply
Full Build Out i Silva Supply n/a n/a 97,451 33%
Full Build Out i CalaChem
n/a n/a
Supply
Scenario 2 - Hubs
Biomass Boiler i
. 0.8MW 3,407
Stadium Hub 150m3 4
Gas Boiler - 2MW 40
Biomass Boiler i
1.5MW 5,567
Graeme Gas Bollor - 2MW 100m3 5
as borer- 1,307
Plus existing
Biomass Boiler - 4131
. 1MW
School Hub (without Verdo) 200m?3 7%
Existing gas boilers 82
Biomass Boiler -
0.8MW 3,384
Sports Hub 80m?3 2
Gas Boiler 1 1.6MW 44
Biomass Boiler 1 2.084
0.8MW
Oxgang Hub — 80m3 427
Gas Boileri 1.6MW
o 134
Plus existing
(I?lé)l\n/?\?vss Boiler - 2.044
Distillery Hub - — 50m3 3%
Gas Boileri 1MW 083

23 Refer to Appendix E for full buildings breakdown
24 | oads include future envisaged build-out, i.e. Gateway development and future connection to housing
25 Includes Verdo and multiple domestic properties in both Eastern & Western areas
26 Includes Verdo and multiple domestic properties
27 Includes multiple domestic properties




Hubs + Ancillary?®

Intermediate build out,
excluding future Gateway
and additional housing

n/a n/a 39,691 3220

5.3.8. Plant Specification

All of the scenario options would have a series of central plant elements. To achieve an efficient and
maintainable solution, each of these require careful specification. The outline specification used to support
the business case is as follows:

1 Biomass boilers
o Purpose: Temporary solution for generating base heat generation in Hubs
0 Spec:
A Containerised pellet boiler with automatic feed from fuel silo
A RHI compliant emissions certificate, suitable for Smoke Control Zone
A Seasonal efficiency 85%

1 Gas boilers
o0 Purpose: Temporary solution for generating base heat generation in Hubs
0 Spec:
A Containerised conventional boilers meeting peak load / resilience only
A Seasonal efficiency 86%

1 Thermal stores
o Purpose: Temporary solution for maximising efficiency of biomass solution in Hubs
0 Spec:
A Externally mounted steel pressure vessel, 4 layer mineral wool insulation

1 Pumps
o Purpose: Temporary solution for maximising efficiency of biomass solution in Hubs
o Purpose: Permanent pumping stations for district distribution. Located at each heat source
and at remote pumping station at Falkirk Stadium
A Duty/standby or duty/standby/assist variable speed pumps

1 Pressurisation Units & Water Treatment
o Purpose: Temporary solution for pressurisation / expansion / water treatment of Hubs
o Purpose: Permanent pressurisation / expansion / water for district distribution. Located at
each heat source and at remote pumping station at Falkirk Stadium

0 Spec:
A Spill press unit
A Manual dosing and automatic de-aeration for temporary hubs. Automatic dosing /

de-aeration / side stream filtration got full build out.

1 Controls
0 Local packaged controls for temporary plant with remote monitoring
0 2 port variable volume circuit with remote pressure polling
o Monitoring of heat providers at supply interfaces
0 Network leak detection
o Centralised metering data connection

28 Provided for reference; this shows an intermediate scenario that only includes the hubs plus ancillary
loads (excluding future build out)
29 Includes Verdo and multiple domestic properties in both Eastern & Western areas



5.4. Network

5.4.1. Network Strategy

Having identified all loads centres, and assessed likely building entry locations, approximate pipe routes
were sketched. First local hubs were formed, centred around promising energy centre locations. Then the
overall network was built up to connect the hubs to the future industrial heat sources. This allowed common
lines of network transmission to be identified, and resulted in certain pipes in hubs being future proofed to
accept greater load when the entire network becomes live.

The temperature differential of the network will be dependent upon the operation of the individual load
buildings. Surveys of key loads have suggested that:

Building operation; typical existing secondary circuit temperatures:
Winter 80 degC; return typically 70-65 degC
Summer 80 degC; return typically 78-75 degC

By introducing targeted improvements to buildings (eliminating bypasses, variable speed pumping,
plate/buffer hot water generation), we would look to improve this typical performance to:

Winter 80 degC; return typically 65-60 degC
Summer 70 degC; return typically 60-55 degC
We conclude that a network serving these buildings could operate at a mean of 95/65 degC and fulfil

the operating requirements. In summer-time this can be compensated down to around 80/60 degC;
reducing summertime losses by 25%.

5.4.2. Network Development

From the outline routing sketches, more detailed drawings were produced by refining the routes through a
combination of site surveys, engagement with stakeholders and available planning / stat authority
documents. This is described in Appendix H with drawings presented in Appendix I.

5.4.3. Network Sizing and Benchmarking

With routes and loads identified, the network was sized using a nodal approach with pressure loss, imposed
pressure due to gradient and pipe heat loss identified for each pipe node. This also allowed network
performance to be benchmarked.

All service pipes were sized on 2 bar/ km at a flow rate equalling the calculated peak demand. The main
network pipes were sized on 1 bar/ km to allow for appropriate levels of future flexibility. Diversity was
applied at each major intersection, reflecting the modelling results that not all peak loads are simultaneous.

Key findings from the analysis were:

1 Heat demand per meter of district network was relatively low for each hub and for the entire
built-out network. Appendix E.

1 The length of the network and the relative elevation of Callendar Park would naturally push
the distribution network over 16 bar, which is undesirable from a specification and
maintenance perspective. Figure 5-7. An option for a separate higher pressure, higher



temperature transmission line to hubs was explored, but was not as cost effective as simply
creating a hydraulic split in the network at Falkirk Stadium, with local pumping station.
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Figure 5-7 Network Elevation

5.4.4. Network Specification

When considering operating pressure and required life span, steel carrier pipe has been chosen as the basis
of design, as Figure 5-8.

As a base for heat loss calculations, standard pre-insulated bonded pipework with type 1 polyurethane
thermal insulation has been analysed. Pipework system shall be designed, manufactured and installed in
accordance with BS EN 13941. It shall be complete with HDPE outer sleeve, diffusion barrier and leak
detection wiring.

Pipe networks shall be designed for a minimum service life of 30 years and 250 full temperature load cycles,
as BS EN 13941, but a life of 50 years should be aspired to. The business case presumes that a 40 year
pipe life is achieved.

Figure 5-8 Makeup of pre-insulated pipework (Type 2 insulation shown)



54.4.1. Network Heat Loss

Given the concerns over the relative amount of network heat loss, uprating this insulation to type 2 insulation
has been analysed. At a cost of £2m across the full built out network, this tends to slightly decrease the
overall IRR of the scheme®.

Alternatives have also been considered for the domestic distribution that accounts for a significant portion of
heat loss. Innovative approaches to this pipe distribution may allow further reduction in heat loss at similar
capital expenditure.

The relative value of these measures will ultimately be driven by the final delivery method and heat supply
prices; it is recommended that this specification remains open and is explored and finalised at the schematic
design stage of the network.

5.4.4.2. Network Metering

From a billing perspective, and for the purposes of RHI in a hub fed by biomass, all buildings will be provided
with a heat meter at the point of connection into the building. This revenue meter would be accessible to the
consumer, and provide networked data transmission for central monitoring / billing. Using an M-BUS or
similar output would allow availability of flow and return temperatures to the central monitoring and
potentially facilitate fault finding and driving good building behaviour.

5.4.5. Callendar Park Network

From the technical and modelling perspective, the network around Callendar Park is different from the rest
on the hubs. As Figure 5-10, there is an existing CHP network that serves 6 existing flats. Summarising
proposals / recommendations on this Hub:

1 Existing heat connections are direct; this has a number of operational issues and should be
changed.3!

1 The load should be extended to further serve 5 blocks of flats.

I The additional 2MW gas boiler would be installed.

The current CHP scheme struggles to make a financial payback due to its electrical output all being
exported, given current export prices. The options of various private wire networks were considered by the
consultant NIFES in their report.

In the context of a wider district heating scheme, the payback time of all of these private wire options would
be too large to justify, and we would envisage the CHP running as is for approximately five years further, and
then the local network being connected to the wider scheme. Naturally, should a wider district scheme not
be progressed, due consideration should be given to the private wire options to help make the standalone
CHP scheme more sustainable.

8 R m: y : Car
£ =) : -
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Figure 5-9 Callendar Park (Graeme Hub) DHN: Existing Network shown in black

30 Reduction of 1% in the 25 year IRR, <0.5% reduction for 40 year IRR
81 Falkirk Council CHP/DH Design Feasibility Study, Summary Report, 16 March 2016, NIFES



5.5. Local Buildings

The buildings identified for connection are a range of residential and non-residential. A building schedule is
provided under Appendix E.

The non-residential buildings range from buildings under direct council control, public buildings run by third
parties (trusts or PPPs) to privately owned commercial buildings. Initial residential build is limited to council-
owned stock, generally of 3 to 4 storeys, but with private dwellings in Grangemouth and Gateway
development being targeted under future build-out.

5.5.1. Building Surveys

To support the development of the network operating parameters, and to reduce risk to the business case,
key buildings proposed for the day one network were surveyed. A summary of these visits is included in
Appendix F.

5.5.2.  Building Connections: Residential

Flats with existing boilers would have these replaced by residential heat interface units (HIUs). These include
a single plate heat exchanger for hydraulic separation, differential and 2 port valve control, distribution pump,
controls and heat metering.

From our surveys we have identified that approximately 25% of the flats appeared to have electric heating,
and costs for a changeover to a wet system have been allowed. Generally ar e s i dtake-up ®fs7r5% has
been assumed, mirroring that of the existing Callendar Park CHP scheme.

There are a wide variety of residential building types in the area. Certain of these may suit a centralised heat
exchanger with lower pressure plastic pipe distribution to the individual units.

5.5.3. Building Connections: Non-Residential

As with the residential, connections to buildings will all be non-direct via a single plate heat exchanger®2. A
packaged skid, Figure 5-10, would be installed in existing plantrooms, which would contain the same
components as the domestic HIUs.

Figure 5-10 Typical non-domestic sized skid arrangement

32 No reason was identified during site surveys to allow for duplex exchangers, but this would be explored
with individual heat users during the sign-up process.



There is greater complexity in these connections due to the varying heating header arrangements and
controls systems to be interfaced with within each building. None of the building surveys, however, identified
any plantrooms that would be unfeasible for connection. Appropriate costs have been allowed for this
integration.

Non-domestic buildings, particularly older stock, are the ones that are most likely to provide a poorfi De-T 6 a
(see panel below for description). Recognising this, allowances have been made in the cost plan to modify

the performance of these buildings. Typically this would involve eliminating bypasses, introducing variable
volume pumping and serving domestic hot water direct from the district mains via a dedicated plate heat
exchanger.

What is Delta-T?
This concept has been referred to in our work.

Delta-T is the difference between the supply and return temperature. For a constant flowrate, the
thermal energy is proportional to the Delta-T.

Q=mCpad
To lower our pumping costs, and thus carbon, we must seek to stretch the delta-T at every opportunity.

The existing buildings in Falkirk and Grangemouth were generally designed on Delta-Ts varying from
10-20 degC. However, many of them at low load operate at very small delta-Ts; thus they pump round
more water than is strictly needed to deliver the heating load were the design flow and return
temperatures adhered to.

This is sometimes known as i G h oewmdrgy. It is generally caused by:

1) Bypasses, shunt circuits and 3-way valves.
2) Improper valve sizing or poor valve control
3) Design flow temperature not being achieved
4) Component failure

5.5.4. Building Connections: Future Buildings

Where buildings are at design phase (primarily the College building), the designers have allowed spatial
provision for future plate heat exchanger and taken cognisance of network operating temperatures in their
heating design. Designers however will assume that the district heating scheme will not be live when their
building opens.

The Gateway Development is known future development and tails will be left for future connection to these
buildings. Again, designers of these buildings would be tasked with maximising the performance of the
district network through their design.

5.6. Operation & Maintenance

Whichever delivery model is selected for the delivery of the network (Section 7), a single entity would be
responsible for the operation and maintenance of the network, whether it is individual or the final inter-
connected network. For convenience, we will term this the ESCo.

The activities the ESCo would undertake are described in the following paragraphs; these costs have been
included within the financial model unless they are specifically noted as the heat u s e respdénsibility or have
been noted as being included within the heat supply price.



5.6.1. Central Plant and Network

It is envisaged that the heat suppliers shall have sole responsibility for the maintenance of their own heat
sources and associated ancillaries. They would also provide backup heat plant to provide resilience. Any
additional cost involved with this would be included within the heat supply price.

The ESCo will provide the district heating pumping / controls / expansion provision and water treatment at
the individual heat supply points. They would maintain this plant and the associated pipe network and
provide the overall heat supply guarantee to the end users,

5.6.2. Local Buildings

The ESCo provides the management, billing and emergency response role that one would expect from any
conventional utility provider.

The individual plant within each building can be handled in several ways. The modelling option we have
selected is to have all domestic HIUs maintained by the ESCo and to have all non-domestic plant up to the
point of the heat exchanger maintained by the ESCo (i.e. heat meters, control valve, differential pressure
control). All downstream plant would be the responsibility of the user or landlord, as appropriate.

This model protects the integrity of the network, and reduces the chance of unqualified personnel working on
the higher pressure heating mains.

5.7. Environmental

5.7.1. Air Pollution

Both Grangemouth and Falkirk are smoke control zones whilst Grangemouth is an Air Quality Management
Zone, with SOz being the targeted pollutant. SOz levels have generally dropped in the last few years, but are
still above the action level.

When considering the hub solution, this has some impact on delivering a biomass solution. While biomass is
not characterised by particularly high SOz emissions, it has higher emissions than ultra-low sulphur content
natural gas that it will be displacing. Abatement technology will help, but any final solution will require the
agreement of the environmental officer at Falkirk Council.

5.7.2. Carbon Emissions

The Abusiness as wusual o (BAU) carbon emissions for hea
scheme have been calculated. This is then used as a benchmark to compare the carbon emissions of the

future built out schemes. The carbon emissions of the temporary hub solutions will be substantially lower

than the BAU scenario, but since it is only temporary, it had been ignored for this analysis.

Carbon emissions for heat from the three proposed industrial heat suppliers is an estimate at this stage,
pending developed information from the heat provider.

INEOS Heat

Heat from this source is essentially boiler generated heat from imported shale gas. An assumed efficiency of
85% has been used, coupled with our expected network heat losses and pumping power. For this analysis,
the carbon content of the fuel has been assumed to be equal to average UK grid supplied natural gas,
although the ultimate providence of this would have to be tested with the supplier.

Silva and CalaChem Heat

Both these providers would generate heat from a CHP process, with either biomass or RDF being the low
carbon fuel. Again, final carbon emissions would be required once the technical design is finalised for each
plant, but a rough approximation has been made here to demonstrate the order of magnitude.

33 This is clearly a back-to-back agreement with the E S C oh&at suppliers



Carbon emissions for the Day One scheme are provided in Table 5-3.

Table 5-3 Approximate Carbon Emissions®*
Scenario COze emissions (Tonnes)®® Variation on BAU
Scenario 17 Day One Scheme
Business As Usual 8165 n/a
100% heat from INEOS 9901 +21%
100% heat from Silva or Silva and 1298 -84%
CalaChem
70% heat from INEOS and 30% 7320 -10%

from Silva or Silva and CalaChem

60% heat from INEOS and 40% 6459 -20%
from Silva or Silva and CalaChem

When considering carbon emissions, INEOS as a sole heat supplier is likely to increase the net carbon
emissions of the heat provision, while other providers tend to result in significantly lower emissions. This is
owing to the fact the INEOS heat is likely to be generated by natural gas fired boiler plant (as per the BAU
heat generation via local gas boilers), but over and above this the scenario also includes heat generated
(and therefore additional carbon emissions) to cover significant district heating losses for the network.

Ultimately the raises a fundamental question around employing a heat supply served by INEOS. A district
heating network (if supplied predominantly by INEOS) simply substitutes local natural gas generation, for
centralised natural gas generation.

For Scenario 1, should a generation mix be adopted, limiting share of supply to a maximum of 70% from
INEOS results in approximately 10% carbon savings, with a maximum of 60% resulting in a 20% saving.

Having INEOS as the sole supplier of heat may limit the funding option available for the network, as funders
may be reluctant to support a scheme that increases carbon emissions.

34 Figures do not include proving heat to Verdo, which tends to dominate results.
35 Based on DECC emissions date 2016 for natural gas, grid electricity and biomass



6. Economic Assessment

6.1. CAPEX

Using the key outputs of the technical modelling, capital expenditure (CAPEX) estimates have been
produced for both Scenario 1 and 2.

These have been generated using a number of key sources;
9 Atkins cost database
1 Manufacturer quotes/ guidance

9 Industry pricing books (SPONS)

Full breakdowns for both scenarios are provided under Appendix K. The table below provides a summary of
headline figures.

Table 6-1 CAPEX Cost Summary i Scenario 1

Scenario 171 Full Build Out Scheme

CAPEX Cost Estimate
Cost to build Day 1 network
With INEOS as heat source £52,872k
With Silva as heat source £50,766k
With Silva as heat source (part funded pipe network) £47,079k
Reduction in all of the above if Verdo is not served -£200k
Increase to above to include CalaChem +£660k

* In contrast to both INEOS and Silva, we understand CalcChem would only be able to supply less than 10%
of the peak load of the full network. As such, the inclusion of CalaChem would require at least one other heat
supplier serving the network to provide the bulk of the heat load. The additional cost to include CalaChem is
therefore provided as a standalone figure above.

Figure 6-1 Scenario 1 CAPEX
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Table 6-2 CAPEX Cost Summary - Scenario 2

Stadium Hub £2,860k
Graeme Hub £3,895k
School Hub WITH Verdo £10,121k
School Hub WITHOUT Verdo £6,277k
Sports hub £3,214k
Oxgang Hub £2,697k
Distillery Hub £3,489k
Sum of the hubs WITH Verdo £30,009k
Sum of the hubs WITHOUT Verdo £26,166k

With INEOS as heat source £64,113k
With Silva as heat source £62,006k
With Silva as heat source (part funded pipe network) £58,320k
Reduction in all of the above if Verdo is not served -£200k
Increase to above to include CalaChem* +£660k

* As Table 7-1 note

Figure 6-2 Scenario 2 Phased Build Out
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£60,000,000
£58,000,000

£56,000,000

£54,000,000

m With INEOSsheatsource m With Silvaasheatsource m With Silvaasheatsource(part funded pipenetwork)




It is therefore observed that the Scenario 2 (hubs) scheme results in a circa c£12m additional CAPEX over
and above the Scenario 1 (day one full build out), to take the scheme to the same point, owing to the
addition of the temporary energy centres and generation plant prior to a centralised industrial heat supply.
Whilst not an insignificant sum, this must be balanced against the commercial timing and practicalities of
attempting to build out the full network at day one.

Table 6-3 CAPEX Cost Summary - Scenario 3

Scenario 31 Standalone East and West Schemes
CAPEX Cost Estimate

West

West Network i Silva3® heat supply £14,904k

East

East Network - INEOS heat supply (No Verdo) £37,107k

East Network i INEOS heat supply (With Verdo) £37,285k

East Network i Silva heat supply (No Verdo) £34,965k

East Network 1 Silva heat supply (With Verdo) £35,258k

The CAPEX figures for Scenario 3 show the relative difference in scale between the West (smaller) and East
(larger) networks. The West network does not include a heat supply option from INEOS, owing to the lack of
proximity between the buildings in the West area and the INEOS site and the lower load in the West area.

6.2. OPEX

Operating costs (OPEX) are included for both Scenario 1 and 2, including;

1 Scenario 171 Full Build Out
- Central pump station and pressure stations
- Network pipework and heat stations
- Billing and metering

1 Scenario 27 Hubs
- Energy centre and central plant
- Network pipework and heat stations
- Billing and metering

The figures associated with the above items are provided within the discounted cash flow models.

6.3. Discounted Cash Flow Models

The energy modelling results and CAPEX & OPEX figures have been used to generate the discounted cash
flow (DCF) models for both scenarios.

36 Assumes Council fund main interconnector supply pipe from Silva site



In line with LCITP requirements the DCF modelling has been carried out in accordance with the Treasury

Green Guide.

Key parameters have been used as follows;

Parameter Value Source

Discount Rate 3.5% Treasury Green Guide

Electricity Purchase Price £103.90/MWh Average for network buildings

Biomass Purchase Price £110/ton Industry guidance

Gas Purchase Price £30/MWh Average for network buildings

Industrial Heat Purchase Price £10/MWh Based on modelling iteration to make scheme
viable, plus estimated assessment of likely price
suppliers could levy

Heat Sales i Residential £60/MWh Industry guidance

Heat Sales i Non-Residential £35/MWh Industry guidance

pY)

HI

Tier 1 £52.40/ MWH
Tier 2 £22.70/ MWH

OFGEM, current date

Fuel and Heat Escalation

2%

Estimated

All DCF models have been constructed in Excel format, with a simple user interface dashboard to allow the
Steering Group to vary key parameters and test the sensitivity of each option. This includes;

9 discount factor,
9 utility purchase prices,
1 heat sales price,

A typical screenshot of the dashboard is provided in Figure 6-3 below.

BIZCAT Fully Outbuild Day 1 i
MODEL
No Verdo
Recovered Industrial Heat
INPUT DATA Prime Variables RESULT
O EER el o o L
== Discount Factor
NPV -£6,871,249 NPV £3,423,656
Building Type 3 Purchase Esc. IRR 2% IRR 4%
Electricity 1039 |p/kwh | 2.0%
i 110 £/ton 20% | TotalCapex  -£36,153,870 Total Capex -£37,753,870
Gas 3.0 p/kWh | 2.0%
Buldi
Industrial heat 10 p/kWh 2.0% Cumulative Cashflow - No Verdo
Building Type 6 Sales Esc. Fully Outbuild - Industrial Heat
Heat price Publi 85 p/kWh 2.0% £50,000,000
ing Type 7 2 5
g:;rl pr{ce Resid| 6.0 p;tx: ; g £40,000,000
[T— price P, .
- Refesence Data Electr. revenue p/kWh 2.0% £30,000,000
Building Type 9 lor0 £20,000,000
RHI Not inlcuded
-
Heat supply lor0 0
Ineos Y Supplier 0 2 4 6 3 10 12 18 16 22 24 2 28 30 32 34 3% 38 4
Silva N . —
Calachem N -£20,000,000
-£30,000,000
Heat demand (kwh) by month based on degree days
-£40,000,000
8,000,000
Figure 6-3 DCF Dashboard User Interface

Key indices (pre-tax IRR, NPV) for the modelled options are provided in the table below. Full Excel version
models are provided electronically to LCITP.



Table 6-3 DCF Results Summary

NPV IRR NPV IRR
(25yrs) (25yrs) (40yrs) (40yrs)

Scenario 171 Full Build Out
With INEOS heat supply
Day One Build Out (with Verdo) £342k 4% £20,329k 6%
Day One Build Out (without Verdo) -£24,969k -1% -£14,874k 2%
Day One plus Ancillary only (with Verdo) £8,192k 5% £24,897k 7%
Day One plus Ancillary only (without Verdo) -£17,103k -2% -£10,282k 2%
With Silva heat supply
Day One Build Out (with Verdo) £2,377k 4% £22,365k 6%
Day One Build Out (without Verdo) -£22,815k -1% -£12,839k 2%
Day One plus Ancillary only (with Verdo) £10,228k 6% £26,932k 7%
Day One plus Ancillary only (without Verdo) -£15,068k -1% -£8,247k 2%
Scenario 2 - Day one 6 h u bdewelpping into the full build out
Stadium Hub -£2,695k n/a -£3,096k n/a
Graeme Hub -£2,822k n/a -£3,285k n/a
School Hub with Verdo £5,953k 12% £4,686k 11%
School Hub without Verdo -£5,513k nfa -£5,928k n/a
Sports hub -£2,908k n/a -£3,255k n/a
Oxgang Hub -£1,884k n/a -£2,164k n/a
Distillery Hub -£3,296k n/a -£3,542k n/a
Hubs - Phased Build (without Verdo)
INEOS -£27,612k -3% -£16,832k 1%
Silva -£25,927k -3% -£15,147k 1%




Hubs - Phased Build (with Verdo)

INEOS -£1,507k 3% £19,157k 6%

Silva £176k 4% £20,841k 6%

Scenario 31 Standalone East and West Networks

West

West Network i Silva heat supply £1,595k 4% £8,000k 6%
East

East Network - INEOS heat supply (No Verdo) -£26,740k -5% -£23,012k -1%
East Network i INEOS heat supply (With Verdo) -£1,350k 3% £12,280k 5%
East Network i Silva heat supply (No Verdo) -£24,622k -5% -£20,875k -1%
East Network i Silva heat supply (With Verdo) £1,547k 4% £15,526k 6%

6.3.1. CalaChem

As noted under the previous CAPEX section, CalaChem would not be able to provide the full load for the
scheme, hence this could not be modelled as a standalone option.

Its value lies in adding to the generational mix, potentially providing greater resilience and lower carbon
emissions. There is clearly a CAPEX penalty to pay for the benefits of this further connection.

6.4. Capital Grants

The DCF results demonstrate the scheme is not economically feasible without some form of capital grant
funding.

In order to determine what level of grant is required, the DCF models were reassessed to ascertain the grant
required to achieve a positive NPV at 25 years. Results are presented below.

It is observed that without Verdo significant grants in excess of £25m are required, with the exception of
Scenario 3 Western network, supplied by Silva.

However, it should be reiterated this is based on a heat purchase price of 1p/kWh. A basic sensitivity check
of this result, by increasing the heat purchase price to 1.5p/kWh results in an NPV of -£1.4m at 25 years.

Capital Grant Required to Achieve Positive NPV
(25 years)

Without Verdo Renewales With Verdo Renewables

Scenario 17 INEOS heat £25.8m £0

Scenario 17 Silva heat £25.8m £0




Scenario 27 INEOS heat £28.5m £0.85m
Scenario 21 Silva heat £26.8m £0
Scenario 317 West Silva heat £0 n/a
Scenario 37 East INEOS heat £27.7m £1.5m
Scenario 37 East Silva heat £25.5m £0

6.5. Sports Hub

On the basis the full scheme does not appear viable, a further scenario was also assessed to consider the
merits of serving the Sports hub with a standalone heat supply from INEOS. This hub would have by far the
greatest heat load of all hubs, if Verdo was included.

Without Verdo Renewables With Verdo Renewables

NPV IRR NPV IRR
(25yrs) (25yrs) (25yrs) (25yrs)
Sports hub - INEOS heat supply -£3.98m n/a £21.5m 25%

Predictably, taking into account previous analysis, the viability of this option depends on whether Verdo is

included. The difference between heat purchase price from INEOS and heat sale price to Verdo, for such a
large annual load, drives a significantly positive NPV and IRR. However, previously noted risks around Verdo
remain for this option, and additionally, there is a further risk that INEOS may be less willing to supply a
smaller scale scheme with such a dominant private anchor load.

6.6.

Sensitivity Analysis

A high level sensitivity analysis has been undertaken to assess the implications of key scheme parameters

changing.

These have been assessed against a base case of the economic results presented above, with each of the
following parameters increased and decreased by 10%;

1 CAPEX

9 Industrial heat purchase price (full build out)

1 Heat sale price (residential and non-residential)




Figure 6-4 DCF Sensitivity Summary®’
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It is noted the heat purchase price (industrial heat) was further sensitivity tested, including the extreme of
setting this to zero. Even at this level, none of the currents ¢ e n a exhibitibgsa negative economic return
became positive.

87 Figures based on 25yr economic assessment period



/. Business Case

7.1. Objectives and key issues

7.1.1. Client objectives

Understanding and meeting client objectives lies at the core of developing and executing an appropriate
business model to develop, own and operate a district heating network. For the purposes of the Falkirk DHN
project, the Council and LCITP wish to assess the opportunity for establishing district heating networks with
the aim of supplying low carbon heating solutions to a mixture of domestic, commercial and public sector
buildings. The consulting team understands that the Council and LCITP wish to understand to what extent
district heating has the potential to reduce fuel poverty in Falkirk households and in doing so deliver social
and health benefits. Therefore the ultimate objective of the study is to investigate how to unlock these social
and health benefits most economically.

7.1.2. Otherissues to be considered

Given that the primary drivers are social and wellbeing, other factors have also been considered by the
consulting team in developing concepts and proposals for an appropriate business model. Those issues
include:

1 the balance between risk and control required by Falkirk Council, including the use of statutory
powers;

9 financial viability of the project and how it can be financed;
1 the capacity and capability of Falkirk Council and key stakeholders; and
1 phasing of the development and ultimate exit strategy.

7.2. The role of Falkirk Council

The development and future success of the district heating network is significantly dependent on the role of
the Council and the extent to which the Council wishes to exercise control over the project. If the Council has
a low appetite for risk then the control that can be exerted over the project may be confined to exercising
statutory powers such as planning and consenting and facilitating land for assets such as energy centres
and pipework. Conversely, if the Council wishes to have a more active involvement in the project, exercising
more control, then that means taking on more risk.

Therefore the key to identifying an appropriate business model is to correctly identify the Co u n diislwéese t
spotodo in the continuum between | ow risk/low control an

The specific roles that the Council may wish to consider would include:
i Facilitator, using statutory powers and political processes to achieve objectives;
9  Customer, offering heat loads and guaranteeing demand from Council owned assets;
1 Investor, owning assets such as energy centres or pipes wholly or in joint ventures;
1 Network owner/operator, earning revenues by charging suppliers for use of pipe work ; and

1 Heat supplier, owning and operating network, taking responsibility for energy retail function and
managing the customer interface.

The risks that the Council would have to consider in deciding on the most appropriate role are as follows:



1 Planning requirements/property rights;

9 Design / construction / operation risk;

1 Ability to persuade building occupants to accept communal heat (particular issue for retrofit);
1 Uncertainties regarding longevity and reliability of heat demand,;

1 Concluding agreement with an ESCo;

9 Pricing of heat -consistency/transparency needed for consumer confidence;

1 Future expansion capacity cost -competing public sector and private sector objectives;

1 Long-term heat off-take contracts with creditworthy counterparties;

1  Technology / performance risk;

1 Management of interfaces (D&B, O&M; DBOM) dependant on the governance and operational
model chosen; and

1 Operational risks, including Fuel costs / bad debt risk.

The project team has concluded as a result of conversations with the Council that the project social
and wellbeing objectives are unlikely to be met without intervention and therefore a high level of
control and consequent risk seems necessary.

7.3. Financial viability

The results of the financial modelling conducted on main scenarios indicate that the Falkirk DHN project is
not a commercially viable proposition®8, without intervention. This is due to a number of factors, particularly
the additional connection costs associated with the local housing mix, and general low heat density in the
study area. This suggests that if the project is to proceed the justification would be on social, environmental
and wellbeing grounds. It also suggests asset ownership, particularly transmission and distribution
pipework, is best held in public ownership.

The financing strategy will therefore be driven by the ownership and delivery model and ultimately reflect the

owner 6s overall objectives as set out in earlier text.
potential sources of project financing as the governance and strength of the counterparty will determine the

cost of capital, source and ease of financing. Factors which will affect the financing strategy adopted by the

Council as a potential network owner will include;

1 The scale and phasing of the CAPEX and risks accepted by the Council;
1 Terms and availability of finance from different sources, loans, equity or grants;

1  Contractual relationship with customers and consequent timing of cash flows (a major factor to be
considered if a ADay 1 buildo option is chosen); ar

1 Return on Investment (ROI).
In a publically ownership scenario, finance options will potentially prove less complex than other scenarios,

since the Council will have well defined systems and processes for infrastructure financing. Sources of
public sector finance support available to the Council include:

38 Commercially viable from a private sector viewpoint e.g. >10% IRR



9 District Heating Loan Fund,;

1 Renewable Energy Investment Fund;

1 PWLB (Public Works Loan Board);

1 EC sourced funding (potential success rate at risk during the Brexit process?); and

1 SPRUCE Finance.

More complex ownership models will tend to lead to more complexity and higher cost of finance. However,
local stakeholders, notably Silva Renewables, have indicated to the project team a willingness to invest in
pipe infrastructure, which may be worth exploring further.

In the medium and long term the Council may wish to consider future ownership and financing options as the
heat network is built out, as part of the exit strategy; investors may be more interested in built out, de-risked
heat network assets because:

1 Dependant on deal structure, heat networks can provide good, risk adjusted returns deploying
proven technology returning stable, long term revenues;

1 The heat market is emerging, but with potentially good growth opportunities;

1 Heat networks are a new infrastructure class with potential for aggregation and with potential for
future re-finance and exit opportunities; and

1 Heat networks provide social, wellbeing and environmental benefits, making them attractive to
responsible investors.

However, this project is unlikely to progress quickly, or to the scope envisaged, under private
ownership and therefore it is both likely and desirable for Falkirk Council to finance through
borrowing and accessing other sources of public finance for energy infrastructure projects.

7.4. Capacity and Governance

The delivery structure will be driven by the objectives of the lead organisation, in this case Falkirk Council
and must be adaptable to ensure the long term viability of the scheme. Therefore the governance and
operational model will depend on the extent to which the Council or another asset owner/investor is involved
in the operation, maintenance and energy retail functions required for successful commercial roll out. Given
previous commentary in this report recommending a simple asset ownership model, there are other
opportunities available to the Council, dependant on whether some or all of the project options are investable
and whether the network is built out form Day 1 or phased.

The council could choose to own and operate the assets within its own existing governance model
or create an SPV alone or with another energy partner. Defining and implementing an energy partner
model might be an attractive option since the Council may lack the knowledge and capacity to
deliver this project unaided,[however this option would require significant financial underpinning
from public funds, given the challenging financial margins and risk profile of the project.

7.5. Delivery, phasing and exit

Three main elements of the heat network will require to be developed, procured, delivered and operated, as
follows:

1 heat generation, through energy centres or by capturing waste or industrial heat, e.g. from a
process plant such as INEOS;



1 transmission and distribution of heat; and

1 the supply of heat to customers, which involves the functions of metering and billing and
managing a customer interface (mission critical function, which carries high reputational risk if not
executed well).

The owner could choose to implement the construction and installation phase independently or as part of a
DBOM turnkey type contract i the best approach is to choose a simple, transparent process, avoiding undue
complexity. Procurement options will be driven by asset ownership and include:

1 Wholly in-house: Falkirk Council fund, own, procure and operate, which represents the simplest
model with most control, but carrying highest risk for the Council. This option requires that heat
supply contracts e.g. between the Council and heat providers such as INEOS and Silva Renewables
be subject to public procurement;

1 Ar mlémgth option: using a Council owned ESCo: utilise a SPV wholly owned by Falkirk Council as
a vehicle to procure and run the project, however going down this route may introduce delays and
pose deliverability issues. This option requires that heat supply contracts e.g. between the Council
and heat providers such as INEOS and Silva Renewables be subject to public procurement; and

1 Third party engagement: Falkirk Council work with an energy company or ESCo to develop and
operate the scheme. This model could have council as owner, having a heat offtake contract with an
ESCo or some stake in the ESCo. This option may not require that heat supply contracts e.g.
between the Council and heat providers such as INEOS and Silva Renewables be subject to public
procurement. The energy company or ESCO involvement would need to be publicly procured and
would be expected to include the delivery of heat as part of their services.

1 As network owner Falkirk Council, could either choose to do this themselves if they have this
capacity, or outsourcetothe Co u n c i | dagpartBesing or,energy retail contracting company such
as SSE or Vital Energi. Dependent on the option selection, consideration should be given to how the
billing, collection and end customer relationship management functions are procured and delivered.

Key energy retail issues to be considered are as follows:

1 Heat demand profile;

1 Pricing i tariff based on cost of supply or market based?

1 Residential customers;

o direct with individual property / obligation to enter into agreement with ESCo under terms of
plot lease or sale agreement;

o commodity (p/kWh) heat charge + an annual energy service charge. Annual price review;
o flow charge (p/m3) to provide a customer incentive for increasing system delta-T; and

o Independent Heat Customer Protection Scheme 1 penalties for failing to remedy supply
failures.

7.6. Business model options

Investment in heat networks is a fairly immature but rapidly developing sector in the UK. The consulting
team has identified a number of potential ownership models:

1 public sector delivery i direct customer interface with local authority, as in Fife Council example or
customer interface through ESCo as in Aberdeen Heat and Power example.;



91 private sector led;

i joint venture;

1 private sector concession i where the public sector tenders a long term concession to private sector;

and

1 community ownership through an SPV such as an ESCo or CIC (Community Interest Company).
The following options were considered inappropriate for the Falkirk DH project, principally on financial
grounds;

1 community ownership as the complexity, scale and adverse financial modelling results would

indicate any community owned scheme would not have capacity to lead such a venture or be able to
secure financial resources to build out or operate;

the private sector led option was discounted on the basis of the financial modelling results, which
indicate that there is insufficient return to interest a developer. The risk profile would further deter
private sector interest without significant public sector gap funding;

the private sector concession option, which would involve Falkirk Council tendering a long term
service concession to a private owner was also discounted for the same reason, with the issue of
loss of control over direct achievement of Council objectives also a factor.

Therefore the two preferred options recommended by the consulting team as offering the best mix of
risk/reward and resilience for the Council are:

1.

2.

7.6.1.

public sector delivery with direct customer interface either with local authority or customer interface
through an ESCo, which is the preferred option and by far the option most likely to proceed to
delivery, or

Joint venture with a JV partner, which may be either a private sector company or another public

body. This not an option considered likely to by the consulting team to lead to success unless
considerable publicly sourced gap funding can be found.

Falkirk Council direct delivery model

The benefits of direct project delivery through procurement, most probably by means of a turnkey asset
delivery contract include:

T
T

1

a high level of control over delivery of the C 0 u n mveftalbobjectives;

a number of examples of models of this type operating successfully exist, with consequent learning
opportunities; and

simple governance and decision making structure.

The downsides of this model are as follows:

l
l
l

the procurement of heat supply from industrial providers may prove problematic;
the Council may lack the capacity to deliver certain key functions; and

all project risks are taken by the Council.
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Figure 7-1 Public Sector Delivery Models

The public sector delivery model can be constructed with the customer interface either managed through the
Council or through an ESCo. An ESCo is a commercial structure created to produce, supply and manage the
local delivery of decentralised energy to a development. The term ESCo does not denote a particular legal
form and an ESCo can be formed to support any type of development e.g. regeneration area, residential
development, hospital or multi-unit development of commercial offices or retail outlets etc. The role of an
ESCO in Falkirk could be:

Design & build the energy system i energy centres / heat network (optional);
Finance the energy system;

Operate & maintain the energy system; and

Manage customer billing and heat supply.

= =2 =2 =N

Another version of the direct delivery model could be 6 P i p e C o Galkirkndouncil @wns the transmission

and distribution infrastructure and charge heat suppliers to access the network. Under this model the

Council has the option to operate and maintain the overall system itself, utilise its own ESCo or procure
energysupply. The retailing of heat could | ikewise be kept
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Source: Scottish Futures Trust

Figure 7-2 PipeCo Model



7.6.2. Joint venture delivery model

The benefits of a joint venture model delivery model, where the choice of a venture partner was subject to
public sector procurement rules include:

1 the procurement of heat supply from industrial providers may be simpler;

1 the Council would gain capacity to deliver certain key functions from the choice of the right venture
partner;

1 the burden of financing the project would be shared; and
9 all project risks are shared between the parties.
The downsides of this model are as follows:

1 alower level of control over delivery of the C o u n coveralbabjectives than in the example of a
direct delivery model;

1 few examples of models of this type operating successfully exist (with the notable exception of East
Cheshire);

1 the governance and decision making structure is more complex, involving more stakeholders, whose
interests may not always align, potentially affecting the achievement of high level objectives; and

1 aJV model may make exit options more complex for Falkirk Council, dependent on ownership
structure and SPV articles.

Joint Venture structure

JV Partner

Developer

(Private or Public)

Joint Customers
Venture

Design & Build Operation & Metering &
Maintenance Billing

Source: Scottish Futures Trust

Figure 7-3 JV Delivery Structure

7.7. Conclusions
The project consultancy team offer two possible business models;

1. If Falkirk Council wishes the highest level of control over the achievement of its social and
wellbeing objectives and has the appetite for a consequent high level of risk, then the direct



delivery option, with or without an a r migrsgth ESCo SPV should be favoured (reference Figure
7-1 above).

2. If the Council wishes to transfer and share project risk and is willing to compromise over the
level of control it can exercise then a JV option should be considered. However the consulting
team considers the search for a JV partner from the private sector would prove challenging and
time consuming, unless publicly sourced gap funding can be found to allow a commercial margin
to be achieved for the private sector partner.

There are various hybrid structures relating to the level of risk and control including the extent of the private
sector involvement in the JV structure, should a contractual JV arrangement be considered. A contractual JV
could also sit under a fully council owned ESCO for a particular part of the project.

There are a number of corresponding legal and commercial factors and any decision should be taken in full
consideration of those and following detailed discussion with the Council.



8. Legal

8.1. Introduction

The commercial structure and contracting strategy should be led by project specific matters including cost and
potential returns, the attitude of the Council to funding and risk, the degree of knowledge, resources and
experience within the Council on energy matters, whether the project is about the construction and operation
of a single project or whether it is intended to cover a range of energy efficiency matters, amongst others.

The proposed technical structure provides for (a) the potential construction of a heat network either in phases
or as a single build (b) the separate procurement of heat from a third party source (c) the supply of heat to the
Council and third parties. The technical proposal does not propose long term heat generation by the Council
or a related entity. There is a risk attached to security of supply when generation is in the hands of third party
owners. This could be mitigated, to a degree, if heat can be purchased from more than one supplier. Multiple
sources may introduce an element of competition into the supply chain. There are procurement issues
associated with this approach and with buying heat from any third party.

The Grangemouth District Heating Project may be financially marginal and one of the significant issues with
district heating in the UK has been persuading the private sector to accept sufficient financial risk in projects
where the returns may be limited. Attractive projects to the private sector will have secured a material portion
of the heat loads from strong credit counterparties.

This section should be read in conjunction with Section 7 Business Case, as there is substantial overlap. It
should also be read with reference to Appendix L which contains additional background and consideration of
wider points.

8.2. Council Powers

The Local Government (Scotland) Act 1973 grants local authorities the power to produce heat, to buy or
otherwise acquire heat and to use, sell or otherwise dispose of such heat.

Section 170A(4) provides that a local authority may construct, lay and maintain pipes and associated works
for the purpose of conveying heat produced or acquired by it and may contribute towards the cost incurred by
another person in providing or maintaining pipes or associated works connected with pipes provided by the
authority

A local authority also has an ancillary power, under section 69 of the Local Government (Scotland) Act 1973,
to do anything which is calculated to facilitate, or is conducive or incidental to, the discharge of any of its
functions. This power is relevant in respect of the particular means which an authority may adopt to take
forward an energy scheme (such as the establishment of, or participation in, a company).

The Local Government in Scotland Act 2003 requires that in the C o u n durther@rsce of its duty of Best Value,
it should contribute to the achievement of sustainable development. The same Act also provides for the general
power to do anything which it considers is likely to promote or improve the well-being of its area and persons
within it. This includes power to incur expenditure; give financial assistance; enter into agreements; co-operate
with, facilitate or co-ordinate the activities of any person; exercise on behalf of any person any functions of that
person and provide staff, goods, materials, facilities, services or property to any person. The Council cannot,
however, do anything which it is otherwise limited to do using the power of wellbeing.

8.3. Establishment of a vehicle to undertake District Heating

Projects

Where a local authority decides to develop its own scheme for the supply of heat, it may choose to do this
entirely within the authority or it may choose to do it through an arm



Should the Council wish to adopt only very small parts of the technical proposal, such as a limited extension
to the Callendar Park scheme with supply to council residents, then this could be undertaken by the Council
directly.

However, should the Council wish to proceed with the build out of one or more of the Hubs with the possibility
of joining them together and sales to third parties, we would suggest the establishment of an ALEO for the
purposes of developing district heating projects; an Energy Services Company (ESCo).

8.3.1. Profit or Not for Profit

Should the Council wish to proceed with establishing an ESCO, a decision will be necessary on whether the
declared focus of the ESCo shoul d-fobper oiffiotrad modelomey tecdi or  f
appropriate should the intention be that any profits are recycled into future ESCO initiatives.

Typically, a company limited by guarantee has been the preferred legal entity fora i n foritp r o ESICo. ti give
appropriate flexibility and control.

Should it be a Afor profitod ent i t-engtheoempanyowhblidowaed pye ct t h
the Council who will be the sole shareholder. Alternatively, it could be a Limited Liability Partnership. We would

note that advice should be sought on the tax consequences prior to any route being chosen. An LLP can have

tax benefits to a public authority as tax is only charged at the partner level following distribution of any profits,

unlike corporation tax on a limited company. Again, we would emphasise that detailed tax advice would need

to be obtained and tax planning should only be a limited consideration in relation to the legal form chosen.

The three forms of vehicle discussed above all benefit from limited liability.

The use of other vehicles such as trusts or industrial and provident societies are more likely to occur in smaller
projects which are entirely community led.

There are a number of advantages and disadvantages to different types of corporate vehicles which are driven
by a number of factors including tax considerations, key drivers for the Council including whether or not the
Council wish the money made by the vehicle to be reinvested in the infrastructure. Further work by Council
and its financial advisers would be necessary to determine the best model for the Council.

8.3.2. Benefits of an ESCO

One of the primary purposes of using an ESCo would be to ring fence risk from the Council. However, in reality,
the Council may need to stand behind the ESCo for reputational reasons or to ensure ongoing supply to
Council to tenants.

We expect also that possible commercial partners would be more receptive to discussions with an ESCo rather
than the Council itself. The structure may also have additional non-recourse companies sitting below the ESCo
to undertake specific projects such as the individual hubs. These may be wholly owned by the ESCo or joint
ventures with the private sector. This would give the Council a potential exit strategy against specific projects
and the ability to bring future projects on-line under the auspices of the ESCo structure. Individual project
entities may also be better able to attract project finance.

If the ESCo is entirely Council owned, its function can be focused upon matters of social, economic or
environmental benefit to the area, and where commercial considerations of making a profit are secondary.
This could occur for example, where the proposed scheme is not commercially viable as a free standing
business and significant financial support may be required from the Council. A market led ESCO is unlikely to
deliver public sector policy objectives. If the ESCo owns the assets as well as the revenues from customers,
its commercial incentives should be aligned.

Establishing an ESCo may assist with allowing the Council to develop commercial third party sales of heat
which would have been more challenging for the Council to do directly. An ESCo also gives the Council a
standard delivery mechanism for decentralised heat schemes to assist discussions with potential partners.



Notwithstanding other potential project options discussed below, we would suggest the establishment of a
Council owned ESCo to initiate and manage district heating projects.

8.4. Public Procurement and the ESCO

The Council is a contracting authority and any purchases it makes (including heat from the ESCo) are
potentially subject to the procurement regulations, unless it can benefit from the fi Fhno u gTeakal) exemption.

Public procurement law recognises an exemption from the normal rules (the i T e ¢ &xanhption now formally
reflected into the Regulations) where a public body is purchasing from an a r méngth body it has established,
such as the proposed ESCo, provided certain conditions are met:

(a) the contracting authority, jointly with other contracting authorities, exercises over that person
control similar to that which the authorities exercise over their own departments;

(b) the person carries out more than 80% of its activities in the performance of tasks entrusted to it by
the contracting authorities or by other persons controlled by those authorities; and

(c) no other person has direct capital participation in the person with the exception of non-controlling
and non-blocking forms of private capital participation required by any enactment, in conformity with
the Treaties, which do not exert a decisive influence on the person.

This can only apply where the ESCo is wholly owned by the Council.

I f the scheme i nvol vi wigbleaith 8&a% ohidssalek lreimgmabe tdthe dCyuncil, shen
the arms-length ESCo model is not a constraint on this point. Limited third party sales can be made within this
structure

If the 80% rule on sales was breached, contracts between the ESCo and the Council would arguably cease to
benefit from the fiTeckal 06 exemption and may therefore

This is a consideration for the possibility of heat sales to Verdo Renewables, which would potentially be a
major off taker from the scheme bringing the aggregate annual supply to the Council below the 80% threshold.

We would note that notwithstanding that the Teckal exemption may be achieved, the ESCo would then be
classified as a contracting authority and would be obliged to follow the procurement rules in procuring works,
goods and services, including potentially the purchase of heat.

If the 80% threshold is exceeded or the activities of the Teckal company are considered to be commercial, the
company will no longer comply with the above three part test and any contract awarded to it by the contracting
authority would be considered an illegal direct award.

Therefore, if a contracting authority wishes to use a subsidiary company to trade commercially, it would need

to set up a subsidiary which is not intended to be us:¢
subsidiary would be commercial in nature, it could generate income but it would not be able to assist with tasks

or services for the contracting authority itself.

One possibility for achieving this is for a contracting authority to set up two companies: i) a commercial entity
for revenue generation ( and i) s ddéclal company whicb fulfilst theen-h&iSeC o 0 )
exemption requirements (Athe ESCo0) .

This type of arrangement would allow the commercial entity to be commercially focussed and market
orientated, allowing it to contract with third parties and have profit making as its main focus for the benefit of
the contracting authority. The Teckal companyé6s role w
the contractingauthor i t yds services, and such an -aaguseaxergpiame nt wo ul



8.5. Overall Project Structure and contractual requirements

There are a number of models which can be used to deliver a district heating scheme. Choosing the right
model will depend on the technical opportunity, the strategic objectives and appetite for risk of the Council
and the appetite of the private sector. Each of the approaches will allow the ESCo to calibrate its approach
to risk and assess its requirements regarding financial returns.

We would propose that the viable delivery models would include:

wholly owned ESCo utilising Teckal exemptions then:

corporate joint ventures sitting under the Council ESCo;

contractual joint venture with ESCo and private sector sharing both the cost and risks involved in
building district heating networks and the profits that can be derived; and

i1 design, build, operate and maintain contractual approaches, i.e. contractual arrangement with the
Council/ ESCo retaining risk on supply and default by offtakers with separate procurement of heat
supply (essentially an owner/ operator structure)
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The preferred principle by which an ESCo should operate in terms of dealing with risk is to allocate the risks
to the party most familiar with the specific risk and by implication most able to deal with it. The means by
which risk is dealt with T transfer, distribution, mitigation and tolerance 1 reflects the aim to reduce the
possibility of occurrence and impact as far as is practically possible, thereby minimising obstacles to the
long-term financial stability of the ESCO. If there is a full transfer of risk to one party such as a private sector
concessionaire then that party will, naturally, require full control over management of the risks and will be
unwilling to allow outside influence on the operation and development of a project. Risk transfer will also
come at a cost and again may not be achievable where the returns are marginal at best.

8.5.1. Owner Operator Structure
Our expectation is that that a Council Owner/ Operator ESCo structure is likely to be the most viable.

In this structure, the Council/ wholly owned ESCo, would take revenue risk for the project and would be
responsible for ensuring sufficient project returns to meet debt repayment and obligations to third parties such
as the heat generator. This approach has a higher degree of risk, mitigated to an extent by using an ESCo.
We would note however, that the operational risks to the Council would be limited as it would not be a heat
generator (for example no feedstock supply risk). However, that risk is replaced, to some extent, by the risk of
failure by the third party heat supplier.

This would be the preferred structure where returns are anticipated to be too low for it to be attractive to the
private sector. It is also the preferred structure where, the ESCo wished to secure progressive growth of the
network through future investment stages.

Our expectation is that there would be limited private sector interest in a possible JV structure.

Some of the theoretical benefits of a JV Structure may not apply to the same extent on this particular project.
For example, if the ESCo has no heat generating assets, then the lifecycle risk is lower and there is less benefit
in sharing that risk with the private sector. Similarly, a change in law risk relating to the characteristics of
biomass feedstock is unlikely to be a risk that would need to be shared with a JV partner.

Consideration is given to a possible Council owned ESCo structure at Appendix L- Section 1.

A JV structure and possible advantages and disadvantages is nevertheless considered at Appendix L- Section
2

8.6. Public Procurement limitations on purchase of heat

Public Procurement law obliges the Council to run open and transparent tender processes before awarding a
contract. This may apply in a number of possible ways when procuring a district heating project including:

(&) The contract between the ESCo and the Council for the supply of heat for Council properties



(b) The procurement of infrastructure relating to the district heating network; and

(c) Should the infrastructure not include a source of heat generation, the purchase of a supply of heat
from a preferred supplier.

8.6.1. The purchase of heat from a commercial third party provider

It has been proposed that the ESCo buys heat from Silva, INEOS or another party, and that this party could
be the sole supplier of heat for the Council district heating network. Public sector procurement rules potentially
prevent the Council or the Teckal compliant ESCo from simply signing up a heat source.

Public procurement in Scotland is now regulated by the Public Contracts (Scotland) Regulations 2015 and the
Utilities Contracts (Scotland) Regulations 2016.

The Public Contracts (Scotland) Regulations 2015 provide as follows:

7. These Regulations do not apply to procurement for the award of a contract or to the
organisation of a design contest by a contracting entity whered

(a) the contract or design contest is for the purpose of carrying out any of the activities
referred to in Articles 8 to 14 of the Utilities Directive (gas and heat; electricity; water;
transport services; ports and airports; postal services; extraction of oil and gas and
exploration for or extraction of coal or other solid fuels);

The Utilities Contracts (Scotland) Regulations 2016 provide as follows:

8.0 (1) In the case of gas and heat, these Regulations apply to the following activitiesd

(a) the provision or operation of fixed networks intended to provide a service to the public in
connection with the production, transport or distribution of gas or heat;

(b) the supply of gas or heat to such networks.

Our interpretation would be that a district heating network would fall within the definition of a fixed network in
connection with the distribution of heat and the supply of heat to such networks. As such the Utilities
Regulations would apply.

There is a potential exemption from the application of the regulations at Regulation 22 of the Utilities
Regulations:

Utilities Contracts (Scotland) Regulations 2015
22. These Regulations do not apply to procurement for the award of a contractd

(a) for the purchase of water by a utility engaged in one or both of the activities relating to
drinking water referred to in regulation 10(1) (water);

(b) by a utility which is active in the energy sector by engaging in an activity referred to in
regulation 8(1) (gas and heat), 9(1) (electricity) or 14 (extraction of oil and gas and
exploration for, or extraction of, coal or other solid fuel) for the supply ofd

(i) energy; or

(i) fuels for the production of enerqgy.

Regulation 22 refers to the contract being awarded by a utility. A utility is defined in regulation 4 as being a
contracting authority or public undertaking which pursues one of the activities in regulation 8 to 14. Therefore
if the ESCo is set up as a teckal compliant company (i.e. it will meet the tests in Regulation 4(2) and (3)) it
would fall within the definition of a utility for the purpose of regulation 22.

However, the exemption in article 22 is an exemption for a contract awarded by a utility for the supply of energy.
The 2006 Regulations had previously talked about the purchase of fuel. The 2012 regulations then changed
to the supply of energy (as opposed to the purchase of energy) with no rationale that we can find immediately
setting out why there was a change to the wording. Although this term is not used, we think that it would be



reasonable to interpret fi s u p ip & sjmdlar way which would mean that the purchase of energy would be what
was envisaged by that section. We are of the view that energy (based on the normal interpretation of the word)
would include heat.

The purpose of the regulation 22 exemption, as set out in the underlying EU Directive, seems to be where
supplies are purchased directly on a commodity market, including trading platforms for commodities such as
agricultural products, raw materials and energy exchanges, where the regulated and supervised multilateral
trading structure naturally guarantees market prices. This is not what is envisaged here but that said those
conditions do not appear in the directive or in the enacting Scottish regulations. We would therefore suggest
that this approach could be adopted to purchase heat directly from one of the possible named suppliers.

However, the 2016 Regulations are very recently enacted and are not yet subject to judicial interpretation or
to further guidance. We would suggest that this approach should be pursued further but given the potential
scale of the project and the possible capital outlay, we would strongly recommend that this advice is revisited
when the particulars of the scheme are known and
proposed interpretation of these regulations.

Shouldthisfi Ut i lapproactenstde considered viable for any reason, then the fall-back position with regards
to public procurement of heat is considered in Section 4 of Appendix L.

8.7. Other relevant considerations relating to the heat market

1 The supply of heat remains largely unregulated. Any substantial regulation of district heating will
have a bearing on the ongoing viability of the project or any future parts thereof.

1 There is a tendency for long term project agreements of 25 to 40 years to allow the recovery of
capital expenditure. Some competition lawyers have suggested that this may give consumers a lack
of choice and limits transparency on pricing.

9 Price risk transfer mechanisms are also important to match with heat supply costs, such as the mix
of connection fees, fixed standing charges and variable charges using appropriate uplift indices. It
would be important to ensure consistency between the wholesale purchase price of heat and the
sale price whilst ensuring that the Council can continue to be able to provide heat at a price that
achieves objectives such as reducing fuel poverty.

1 For most schemes, the developer will also be the operator. If we assume the ESCo will be
contracting parties with customers, the ESCo will need to determine what customers will have to
pay. This is commonly done by way of a standing charge plus a unit rate. However, the operator
needs to structure this in order to recoup initial and ongoing costs.

1 Interms of costs, the key for the Council/ ESCo will be to ensure that the pricing mechanism
proposed with any heat supplier offers a discount on the price that would be paid for the equivalent
gas and electricity obtainable on the market.

1 Interms of security of supply from a third party heat supplier i there are a number of different factors
which have an impact on the delivery of supply

o0 atthe outset the construction and testing of the Sllva project takes longer than anticipated
which in turn leads to a delay in supply. The Council may have substantial capital
expenditure by this stage. There are mechanisms such as (i) having longstop dates which if
the supply has not started by a date you can terminate the contract or (ii) including a
requirement to meet any increased costs as a result of the late commencement which could
be used to mitigate this risk. However, the right to terminate would not greatly assist as there
would be no alternative source of heat to the network.

o the heat generating technology or system is unreliable or badly managed which results in a
significant number of outages and (ii) the DHN owner/operator goes into

t hat



administration/liquidation. This is particularly relevant if you have removed/failed to maintain
your existing boilers/equipment such that they cannot be reconnected which means that the
Council may incur a significant capital cost. One of the key factors is that most heat
agreements only permit termination in certain limited circumstances (as this ensures that the
projects are fundable).

0 The reason why these contracts tend to limit the termination rights as much as possible is
that this is a requirement of the funders to secure the income to pay the capital debt of the
project. It is worthwhile testing the period for repayment of the debt with the company and to
discuss whether there can be a differentiation between the first say 10-15 years and the
remaining 10-15 years of the contract. The only other remedy the Council would have would
be the compensation payments for a failure to supply. Careful consideration would have to
be given to the capital costs that the Council/ DNO may incur in having to procure an
alternative heat supply to its existing network.

o Inrelation to the possibility of any potential heat generator going into
administration/liquidation 1 this does present a significant and ongoing risk.

8.8. Legal Summary

In summary, we conclude;

1. An ESCo structure is recommended. A decision will need to be taken on whether the emphasis
shouldbe i p r @rfiiintéoitp r o fThigwill partly determine the legal form of the ESCo. We expect
the form of ESCo to be either a company limited by shares, a company limited by guarantee or a
limited liability partnership.

2. The ESCO structure will provide some theoretical reduction in risk but our expectation is that the
Council would need to stand behind the ESCo for reputation reasons and service provision reasons.
The Council will also need to provide initial funding to the ESCo.

3. Under the ESCo structure, the ESCo can opt to either:
i. publicly procure individual contracts for (a) design and build and maintenance and
(b) separately for the supply of heat into the network
ii. undertake a procurement exercise for a joint venture partner to also supply heat into
the network. Our expectation is that there would be limited interest from the private
sector in a JV arrangement but it would be open to the Council to test the market.

4. An ESCo is a flexible approach with a number of possible hybrid versions depending on the
Council s wultimate investment decision and the pref

5.  With the proposed ESCo structure, the supply of heat from the ESCo to the Council should be
exempt underthe A T e ¢ éxaniption. For a Teckal company at least 80% of trading must be with
the owning public authority. To supply to third parties a separate commercial heat supplier sitting
under the ESCo would be necessary.

6. We have proposed a potential approach utilising the Utilities Regulations to allow for the direct
purchase of heat from one of the relevant parties. Such an approach would require further
consideration once the specifics of the approach were known.

7. Should a procurement exercise by the ESCo for a supplier of heat be necessary (subject to the
Council considering the risks around a direct award), any procurement would need to be undertaken
prior to investment decisions in the overall network. This would potentially preclude direct
negotiations between the ESCo and the 3 party.

8. If the individual Hubs are not economically viable, then the project is likely to be dependent on the
success of this tender exercise for the procurement of heat from a 3 party supplier.



9. There is an ongoing and substantial commercial risk of the 3" party heat suppliers project not
proceeding when investment decisions may have been made in relation to establishing the network.
There is an ongoing commercial and credit risk to achieving a return on the investment made in the
network should there be a failure by the third party heat generator/ supplier.

10. Contractual breaks can be built in to the heat supply contract in the event of procurement challenge
and for the right of termination in the event of non-performance by or failure of the heat supplier. This
would not address the urgent demand requirements, in those circumstances, should the preferred
heat supplier be the sole heat supplier to the ESCc

11. Planning considerations are addressed in Section 3 of Appendix L.



9. Conclusions & Next Steps

9.1. Conclusions

The key requirement for this study was to assess the technical, economic, commercial and legal feasibility of
a district heating network for the defined Falkirk (Western) and Grangemouth (Eastern) study areas. We
would therefore draw the following conclusions for each of these key aspects;

9.1.1. Technical

1 There are a number of good local industrial/ waste heat sources in the area and there has been
positive discussion with these businesses,

1 The absolute heat load in the study area is reasonable, but the area density and linear network
density are both very low,

1 Verdo Renewables provides a significant load (>50% total load), but is a commercial risk as an

anchor load private off-taker,

The day one full build out (Scenario 1) provides a larger scheme in the short to medium term,

The hub option (Scenario 2) allows a phased build out over a longer period to get to the above, with

lower financial risk,

1 The standalone Eastern and Western networks (Scenario 3) provide a6 h a | i ova $petvieen the
loads of the hub and full build out scenarios,

1 Under all options, the final scheme would look to use industrial heat from one or more sources
(INEOS/ Silva/ CalaChem),

i Classification of the above industrial heat supply is key to understanding carbon savings versus
BAU, although it is expected that Only Silva or CalaChem heat would be beneficial from a carbon
perspective.

9  This calls into question the merits of an INEOS heat supply that simply replaces existing locally
generated heat via natural gas (local boilers), for centrally generated heat via same natural gas,

1 There are some residual risks around buried infrastructure that require to be addressed at the next
stage of the project.
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9.1.2. Economic

I The Scenario 1 scheme has an approximate £53m CAPEX. The Scenario 2 scheme has an
approximate £64m CAPEX. The difference being the extra cost to provide temporary energy centres
and generation plant for the hubs as part of the phasing to achieve the full build out scheme,
1 The standalone Eastern and Western schemes (Scenario 3), range from £15m to £37m respectively,
1 When considering the full build out scheme and standalone Eastern scheme, the Verdo load is
critical; only scenariods that include this | oad st
1 The standalone hubs, with the exception of School hub with Verdo, do not provide a return. These
hubs are therefore only considered a means to achieve the full build out scheme with reduced risk,
1 When considering the hubs connected and converted to a central network, the Verdo load is again
critical to the scheme; only scenariobds that incluc
1 Significant capital grants (in excess of £25m) would be required to make the full build out scheme
economically viable, where Verdo is not included as an off-taker.
i Of the standalone Eastern network options modelled (Scenario 3), only the option with Silva heat
supply and including Verdo demonstrates a positive return, although this is a marginal 4% IRR at 25
years (again, noting risks around Verdo load).
1 The standalone Western scheme, served by Silva (Scenario 3), shows a marginal economic return,
with an IRR of 4% at 25 years. It is important to highlight these results are for the fully built out
scheme (i.e. including future build out Gateway and residential connections), and therefore this
scheme could not be progressed at this time, unless done so at the risk of the Gateway development
not proceeding, or heat loads being less than anticipated.

9.1.3. Commercial

The scheme is not considered economically attractive to the private sector (e.g. an ESCo business),
The key to the commercial model centres around how the Council view risk and control,
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1 If the Council wishes the highest level of control over the achievement of its social and wellbeing

objectives and has the appetite for a consequent high level of risk, then the direct delivery option,

with or without an armés | ength ESCo SPV should be
1 If the Council wishes to transfer and share project risk and is willing to compromise over the level of

control it can exercise then a JV option should be considered, within the caveats provided in the

body text of this report,
1 Itis noted that Silva Renewables programme for the proposed biomass CHP plant is likely to be

critical to the DHN project. Silva are likely to require some form of contractual agreement to sell heat

prior to financial close of their project in early 2018.

9.14. Legal

1 An ESCo structure is recommended. A decision will need to be taken on whether the emphasis
should be fi p r o@ffiinttoitp r o fThigwdl partly determine the legal form of the ESCo. We expect
the form of ESCo to be either a company limited by shares, a company limited by guarantee or a
limited liability partnership.

1 The ESCO structure will provide some theoretical reduction in risk but our expectation is that the
Council would need to stand behind the ESCo for reputation reasons and service provision reasons.
The Council will also need to provide initial funding to the ESCo.

1 Under the ESCo structure, the ESCo can opt to either:

o publicly procure individual contracts for (a) design and build and maintenance and
(b) separately for the supply of heat into the network

0 undertake a procurement exercise for a joint venture partner to also supply heat into
the network. Our expectation is that there would be limited interest from the private
sector in a JV arrangement but it would be open to the Council to test the market.

1 An ESCo is a flexible approach with a number of possible hybrid versions depending on the
Council és wultimate investment raiieci si on and the pref

1 With the proposed ESCo structure, the supply of heat from the ESCo to the Council should be
exempt underthe A T e ¢ é&xanption. For a Teckal company at least 80% of trading must be with
the owning public authority. To supply to third parties a separate commercial heat supplier sitting
under the ESCo would be necessary.

1 We have proposed a potential approach utilising the Utilities Regulations to allow for the direct
purchase of heat from one of the relevant parties. Such an approach would require further
consideration once the specifics of the approach were known.

1 Should a procurement exercise by the ESCo for a supplier of heat be necessary (subject to the
Council considering the risks around a direct award), any procurement would need to be undertaken
prior to investment decisions in the overall network. This would potentially preclude direct
negotiations between the ESCo and the 3" party.

i1 If the individual Hubs are not economically viable, then the project is likely to be dependent on the
success of this tender exercise for the procurement of heat from a 3" party supplier.

1 There is an ongoing and substantial commercial risk of the 3 party heat suppliers project not
proceeding when investment decisions may have been made in relation to establishing the network.
There is an ongoing commercial and credit risk to achieving a return on the investment made in the
network should there be a failure by the third party heat generator/ supplier.

1 Contractual breaks can be built in to the heat supply contract in the event of procurement challenge
and for the right of termination in the event of non-performance by or failure of the heat supplier. This
would not address the urgent demand requirements, in those circumstances, should the preferred
heat supplier be the sole heat supplier to the ESCc

1 Planning considerations are addressed in Section 3 of Appendix L.

9.1.5. Overall Conclusions

We conclude that a level of capital grant funding would be required for the full scheme to be economically
viable.

While the results for the full build out scheme suggest this projecti s ecdrtomically viable, our work does
suggest that one or more smaller schemes could potentially provide a viable proposition; effectively by
O0cherickingd the parts of the scheme that have the best



1. Western Network: Extension of the existing Council owned Callendar Park CHP scheme.
2. Western Network: Stadium hub, potentially when the future Gateway loads can be realised.
3. Eastern Network: Sports hub, including Verdo load (but noting risks presented under item 2 above).

A standalone economic assessment for the Sports hub (with and without Verdo) demonstrated the viability of

this option depends on whether Verdo is included. The difference between heat purchase price from INEOS
and heat sale price to Verdo, for such a large annual load, drives a significantly positive NPV and IRR.

However, previously noted risks around Verdo remain for this option.

The standalone Western network (Scenario 3), served by Silva, is a longer term scheme and is dependent
on Gateway masterplan loads being realised as this scheme progresses. As discussed in the Executive
Summary, there are options for the Council to phase this scheme as part of the Callendar Park and Stadium

hub

net wor ks.

Depending on the

Council 6s view on

from Silva now, accepting that future Gateway loads may not materialise, or could be less than anticipated,
with associated impact on economic return.

9.2.

Next Steps

With regards the Western and Eastern networks, the only schemes considered viable for further assessment
are the Callendar Park hub & Stadium hub (both Western) and Sports hub, with Verdo (Eastern) i noting
risks for the Eastern option.

To allow the project to move forward, our key recommendations for each of these schemes are described
below. Unless otherwise noted, it is anticipated these actions would be led by Falkirk Council.

Stadium hub,
potentially when
the future Gateway
loads can be
realised.

As presented under Section 1.4
above, the Stadium hub with
temporary generation plant does
not demonstrate an economic
return. Creating a permanent
scheme, with a purpose built
energy centre would therefore
only serve to make this
economic case worse (higher
CAPEX for new energy centre).

The key to this scheme is
therefore the ability to harness
additional future loads from the
Gateway development, which
may help to provide an
economic return. Clearly these
loads are; (a) unknown at this
time with regards scale, and (b)

tem |DHN Scheme Commentary Key Actions
1 Western Area: Callendar Park CHP scheme is Depending on the outcomes of the
Extension of the | an existing Council owned heat recent feasibility study, remedial
existing Council network, serving 6no. works could be undertaken, and the
owned Callendar | Residential tower blocks. additional connections made to
Park CHP scheme. | the system has some inherent remaining tower blocks. This
design/ operational issues that assumes the study proves key
have been the subject of a Council criteria have been met e.g.
recent Council study, carried out economic return, enhanced system
by the consultant NIFES. performance, increased carbon
savings etc
2 Western Area: Obtain confirmation from the new

Forth Valley College development
whether the building plantroom/
heat generation source could be
expanded out to serve part/ all of
the Stadium hub (LCITP to advise).

Work with Gateway developers to
confirm the heat demands and
programme for the build out, and re-
assess the viability of this network
when more certainty has been
obtained.

Liaise with Silva to assess options
for heat supply from biomass CHP
plant and, potentially, Silva
involvement in developing/
operating the hub (possibly taking a
stake in any ESCo structure).

In addition to item 3 above, specific
legal advice should be sought by

r
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Iltem

DHN Scheme

Commentary

Key Actions

unconfirmed. As such this is not
deemedandé i mme ddéhente.e

It is noted that the new Forth
Valley College development is
currently being designed. Initial
discussions with the College and
consultant design team suggest
the development is being
progressed on the basis of a
standalone plantroom with a
ground source heat pump to
serve this building only.

the Council regarding further
engagement with Silva around any
possible heat supply and/ or joint
ESCo arrangement.

Standalone
Western Network
(Scenario 3)

In terms of the larger Scenario 3
Western network (effectively
combining the two smaller
Western hubs at Callendar Park
and Stadium), we consider there
are three realistic options to
progress this scheme. The
preferred option will depend on
the Councils appetite for risk.

Option 1
1 Progress the remedial
works/ extension of the
existing Callendar park
scheme, as described
under Item 1 above.

1 Monitor the Gateway
development, and re-
assess the Stadium area
when these loads have
a greater degree of
certainty, as described
under Item 2 above.

1 Assuming the loads and
economics for the
combined scheme
demonstrate adequate
viability, the overall
Western network could
be progressed with a
heat supply from Silva
(or alternatively a local
energy centre if shown
to be viable at that time).
Itis noted the timescales
for this option may
however preclude a heat
supply from Silva, owing
to their programme for
CfD application.

3. As perltem 1 and 2 above,
dependant on preferred option.

4. Council to review risk/ reward of
progressing with the scheme now to
secure a Silva heat supply, at the
risk of the future Gateway loads not
materialising.
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DHN Scheme

Commentary

Key Actions

Option 2

M

Wait until Gateway loads
have a greater degree of
certainty (as per Item 2)
and then re-assess the
whole Western network
scheme (including
Callendar Park) at that
time. As per Option 1,
this could involve a heat
supply from Silva, or a
local energy centre if
shown to be viable.

As with Option 1, the
timing of this option may
preclude obtaining a
heat supply from Silva.

Option 3

T

In order to obtain a Silva
heat supply, the Council
could choose to proceed
with the Western
scheme now, but this
would be at risk, without
certainty of the Gateway
loads materialising.
Ultimately this is a
decision for the Council.

Eastern Area:
Sports hub,
including Verdo
load

The Sports hub is discussed
under Section 1.4 above,
including the option to serve this
network with a heat supply from

INEOS.

The key opportunity and risk
around this network is the
inclusion of the Verdo demand.

10.

11.

Liaison with Verdo to explore the
terms and conditions of a potential
heat off-take agreement. Key areas
will include; annual demand (MWh),
temperatures, availability, heat sale
price, duration of concession and
break clauses.

Liaison with INEOS to explore the
potential for heat supply to a
smaller network, with Verdo as a
private sector anchor load.

Firm up any heat loads, through
obtaining annual half-hourly data
over multiple years (where
available).

Further assessment of the
classification of INEOS heat (waste/
industrial) and the associated
carbon emissions factor.

Obtain quotations from statutory
utility providers for new power
supplies (e.g. to serve the heat
transfer station).
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12. A Ground Penetrating Radar (GPR)

survey could be commissioned to
de-risk the heat network route (but
noting this could be deferred and
the risk placed on a D&B contractor,
depending on the procurement
route).

General

Over and above the actions for
specific networks described
above, there are a number of
common/ general actions that
should be progressed at this
stage.

10.

11.

12.

Confirm the proposed ESCo
structure for the chosen scheme(s)
described above, noting this could
include one, two or three schemes,
depending on viability and timing.
Falkirk Council to explore whether
they are willing to underwrite the
scheme, given the level of risk.

Progress Memorandum of
Understanding (MoU), or contracts,
with any proposed heat off-takers.

Explore any capital grant funding
options e.g. current LCITP funding
call, or TIF options.

Further review of technical
proposals in conjunction with TIF
plans, as these develop.

The Council may also wish to seek
detailed financial advice on private
funding options, given the lack of
economic viability for the scheme
(this could be undertaken via a soft
market testing exercise to gauge
interest).
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Stakeholder Meeting Record

ATKINS

Project: LCITP Falkirk DHN

Meeting with: Silva Renewable Energy Limited

Date: 6t July 2016

Location: Falkirk Council Offices, Abbotsford House, David's Loan, FK2 7YZ
Present: Silvai [Redacted]

Falkirk Council T [Redacted]
Atkins i [Redacted]

Ref: 51458961 OOPM 1 05

Subject: Biomass CHP Plant and Heat Network Connection

1.0 Project Overview

At kins have been commi ssioned by the Scottish Gov
Transition P r o g r a(CH@Yto produce an outline business case for a heat network scheme
for Falkirk Council.

During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.

The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.

2.0 Meeting Overview

Silva are in the process of developing plans for a significant scale biomass CHP plant around the
Carron Dock area of Grangemouth. There is potential for Silva to provide surplus heat (and
potentially power) to local decentralised energy networks serving the local Grangemouth and
Falkirk area.

The meeting was held early in the study programme, as the heat supply has the potential to be a
key element of the district heating scheme and the overall business case.

3.0 Meeting Notes

The following notes were taken during the meeting;

Item Note Atkins Comment

01 Silvads background is biomass f
They were originally involved in the Forth Ports/ SSE led biomass
CHP scheme (same site) in a fuel supply capacity, but have since
elected to take on development of the whole scheme.

02 The proposed scheme has Section 36 consent for a 120MWe/
200MWt biomass CHP plant.

The main grid electrical connection from the plant is likely to be in

an area to the north of Falkirk town centre, requiring Silva to run
cables through the town.
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Item

Note

Atkins Comment

03

[Redacted]

Refer to Actions
Arising section
below

04

The plant will supply electricity to grid via a PPA, and Silva are
working to secure agreements to provide steam to local industrial
users.

In order to achieve the necessary CHP Quality Assurance (QA)
threshold, a minimum quantity of heat generated must be used
(rather than rejected); this could include a low temperature hot
water district heating main. Using heat for this purpose may also
help Silva to obtain Contracts for Difference! (CFD).

05

The district heat supply is therefore likely to be crucialto Si | v a
business model, and as such they are willing to explore;

1 Funding and building out a heat main into Falkirk and/ or
Grangemouth

1 Providing 4.5MW+ of heat to the network
1 Providing a future private wire electrical network

1 Becoming part of the ESCo commercial structure to deliver
and run the district heat & power scheme

06

Silva noted that whilst heat supply figures of up to 9MW have been
discussed previously, they could have a significantly greater
guantity of heat available, should the demand be present.

07

Discussions around the heat main suggested two key 6 d ayn e 6
connections;

1. Connection from plant to the New College/ Falkirk Stadium
area,; with a view to serving the New College, the Stadium
and potentially local schools.

2. Asecond tee from the above main to serve the
Grangemouth town area.

08

It was noted Silva do not see Verdo Renewables being a day one
heat customer, primarily due to the scale of the heat load
(potentially too large for the overall heat supply available), and the
risks associated with making a private business the key anchor
load for the heat network scheme.

09

Silvads intenti on wo unhathtolceournt®r ¢

additional future loads and expansion of the heat network scheme.

10

Owing to the proposed programme for the development and build
out of the biomass CHP plant (see below), Silva noted they may be
willing to provide temporary heat generation plant and connections
for the buildings around the New College and Stadium area (exact
buildings scope to be established).

This would most likely take the form of temporary biomass boiler(s)
or gas fired boiler(s).

11

Whilst a heat sale price from the biomass CHP plant was not
formally discussed (£/MWh), Silva noted they appreciate this must
be below the price of the gas equivalent, to make the scheme

viable from the Council s per sj

12

Si | yprajécitimescales are approximately;
1 CFD auction begins October 2016

i CFD auction results circa March 2016

1 https://www.gov.uk/government/collections/electrigiharketreformcontractsfor-difference
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Iltem |Note Atkins Comment
1 Go/ No Go decision depending on outcome of CFD
application March 2016
1 Biomass CHP project Financial Close [Redacted]
91 Project Build period circa 30 months
1 Heat and power 6 o aatfe circa 2021
13 Based on the above programme, and assuming Silva are

successful with their CFD application, they would be required to
substantially close out all heat/ power sale contracts as early as
possible after March 2016.

This is likely to mean Falkirk Council would need to run an OJEU
compliant procurement exercise for the heat network/ supply
contract, in tandem with Silvad(
Assuming Silva were the successful district heating scheme
tenderer, this should allow them to sign a contract with the Council
within their required timeframe prior to Financial Close.

Actions Arising
The following actions were agreed as an output of the stakeholder meeting;

Item |Action Date Due Status
01 Atkins to meet with Fichtner to review technical aspects | TBC Open
of proposed heat off-take.
(Fichtner contact is [Redacted], based in Manchester)
02 Atkins to issue technical RFI to Silva requesting any 11t July 2016 |Open
information required to complete the heat network
study.
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Project: LCITP Falkirk DHN
Meeting with: Inchyra Macdonald Hotel
Date: 13t July 2016
Location: Inchyra Macdonald Hotel
Present: Ross Developments and
Renewables Limited i
[Redacted]
Atkins T [Redacted]
Ref: 5145896 7 OOPM 1 05
Subject: Heat network connection opportunity
1.0 Project Overview
Atkins have been commissioned by the ScottishGover nment &éLow Car bon
Transition P r o g r a (@i Yto produce an outline business case for a heat network scheme
for Falkirk Council.
During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.
The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.
2.0 Meeting Overview
Ross Developments undertake work on behalf of Macdonald Hotels, in relation to engineering
and energy efficiency. Atkins therefore met with [Redacted] to explore options for the Inchyra
hotel to become part of the proposed district heating network.
3.0 Meeting Notes

The following notes were taken during the meeting;

Iltem |Note Atkins Comment
01 Macdonald Hotels have a nationwide drive to increase energy
efficiency of their sites and, where practical, consider on-site low
carbon generation options.
They previously reduced energy consumption by 15% up to 2015,
and now have a further 20% reduction target by 2020.
02 [Redacted]
03 The hotel has four individual boiler plantrooms, which would each
require a heat connection.
04 [Redacted] has previously investigated a small scale biomass

CHP option for the site, which demonstrated a favourable
payback period.

I nfr

C
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Item

Note

Atkins Comment

05

[Redacted] provided a hard copy of 2015 gas and power
consumption/ costs. He estimates 15% of the gas load will be for
kitchens and also noted any future heat demand estimate should
take account of the 20% demand reduction target.

06

Macdonald Hotels would be interested in taking heat from any new
district heating network, but it was noted that a long term supply
agreement would be difficult for the organisation to sign-up to.

07

[Redacted] suggested Macdonald Hotels may be interested in
becoming a supplier to the Council heat network, locating the
generation plant on their site.

Actions Arising
The following actions were agreed as an output of the stakeholder meeting;

Item

Action Date Due

Status

01

[Redacted] will advise within the next 2 weeks whether |27% July
Macdonald Hotels would be interested in further
investigating the option for them to supply heat to the
Council scheme.

Open
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Project: LCITP Falkirk DHN
Meeting with: Ineos
Date: 13t July 2016
Location: Ineos Offices, B 0 6 n Rosds Grangemouth
Present: Ineos i [Redacted]
Falkirk Council i [Redacted]
Scottish Enterprise i [Redacted]
Atkins T [Redacted]
Ref: 5145896 i OOPM i 05
Subject: Industrial heat off-take
1.0 Project Overview
Atkins have been commi ssioned by the Scottish
Transition P r o g r a (@i Yto produce an outline business case for a heat network scheme
for Falkirk Council.
During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.
The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.
2.0 Meeting Overview
Falkirk Council has engaged Ineos over a number of years to establish the potential to take heat
from the refinery plant, to serve a local district heat network. This meeting was primarily to
establish some further detail around the specification of any supplied heat, potential off-take
location(s) and the availability of heat annually.
3.0 Meeting Notes

The following notes were taken during the meeting;

Item Note Atkins Comment

01 Ineos reinforced the point that they do not have significant
guantities of 6 w a sheéakod the site; where possible they look to
recover heat to increase the efficiency of a process.

Any heat off-take should be referredtoas ¢ | nd uleatr i al 6

02 The structure of the business ¢
(IICL) supply heat (steam) and power to the various subsidiary
companies on the site, and connected third parties such as BP
(Kinneil) and BOC. [Redacted] is the Energy Business Manager
within the energy supply area of the Ineos business.

03 The Grangemouth CHP (GCHP) plant (ex-Fortum) has a capacity
of 145MWe and 257MWHt, located on Inchyra Road.

Gov
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Item

Note

Atkins Comment

There is a separate energy centreclose-by of f Bodnegq
housing 3no. large capacity steam boilers. Typically one boiler is
serving the steam network, with the others kept warm for resilience
purposes. The boilers have a significant turn down ratio (operating
between c20 1 200t/ph)

The site has a steam transmission main running at 125bar, which
steps down to 44bar via local steam turbines at each process area
(with electricity as a by-product).

04

The central energy generation systems have very high availability/
resilience levels; an unplanned outage has a significant financial
impact on business operations.

05

Ineos would be interested in further exploring supplying heat to the
district heating scheme, and noted the following;

1 Heat supply to the DHN could effectively just be another
supply contract underthe 8 ES Co 6  (thim arkeasieg
process internally, as precedent exists)

1 It would be easier to supply heat directly from the central
energy centre plant, rather than trying to recover heat from
a process area in the refinery

1 Heat supply is likely to come from the standby steam
boilers, as these are kept warm in any case and the DHN
supply is likely to be minimal in comparison to the capacity
of the plant

1 Availability to the DHN is unlikely to be an issue, owing the
high levels of availability required by the central plant for
the site operations

1 Ineos have current gas costs significantly below wholesale
gas rates. They would look to sell heat to the DHN at a rate
equivalent to their generation cost. Even after taking into
account boiler efficiency and a percentage overlay for
0O&M, this suggests the £/MWh heat sale cost could be

very low.

Actions Arising

The following actions were agreed as an output of the stakeholder meeting;

Iltem |Action Date Due Status
01 Ineos requested Atkins provide an approximate TBC Open
indication of the I ikely (¢

converted to a steam demand (t/ph), to allow Ineos to
understand the potential technical impact of the heat off-
take.
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Project: LCITP Falkirk DHN
Meeting with: Verdo Renewables Limited
Date: 14t July 2016
Location: Inchyra Macdonald Hotel
Present: Verdo Renewables Limited i
[Redacted]
Atkins i [Redacted]
Ref: 5145896 i OOPM i 05
Subject: Heat network connection opportunity
1.0 Project Overview
Atkins have been commi ssioned by the Scottish
Transition P r o g r a (@i Yto produce an outline business case for a heat network scheme
for Falkirk Council.
During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.
The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.
2.0 Meeting Overview
Verdo are a biomass wood pellet supplier, processing ¢55,000t/pa and are owned by a Danish
parent company.
They have a significant heat demand for drying the pellets.
3.0 Meeting Notes

The following notes were taken during the meeting;

Item

Note

Atkins Comment

01

Verdo have a significant annual energy spend; c950k/yr on
electricity and c£1.2m/yr on gas.

02

The Grangemouth site has struggled to be profitable to date, and
closure has been discussed previously with the parent company.

03

Verdo created a viable business plan for a gas CHP for the site,
with a c3yr payback i however investment was not obtained from
the parent company.

Verdo have also discussed the potential for a heat pump system
with Star Refrigeration; using heat extracted from the pellet drying
areas.

04

It was noted Ma b b enavé recently completed an options study for
on-site CHP, through Scottish Enterprise.

Gov
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Item

Note

Atkins Comment

Another study is being progressed by Synergie Environ to assess
general energy efficiency options for the plant.

05

Verdo would be interested in exploring options to buy/ sell heat to/
from a local district heating network.

It was noted their parent company operate generation and district
heating schemes in Denmark, and are actively looking for new
schemes in other countries.

06

Verdo would be looking to implement an on-site generation option
in the short term (to help drive business profitability), but could
leave this future-proofed for modular expansion to serve the
Council district heat network at a later date.

07

Verdo would also be open to exploring the option for a third party
ESCo locating generation plant on their site, and serving Verdo
plus local buildings (e.g. Inchyra Macdonald hotel, Grangemouth
High school etc) under a Design, Build, Finance, Operate
arrangement, with Verdo (and others) buying energy from the
ESCo.

Actions Arising
The following actions were agreed as an output of the stakeholder meeting;

Status

Iltem |Action Date Due

01 Verdo to provide Ma b b eoptiébnsstudy and details of 141 July
proposed gas CHP scheme

02 Atkins to provide the Mace DHN study Executive 15t July

Summary to Verdo, to allow them to try and engage
their parent company with the district heating scheme.

Open
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Project: LCITP Falkirk DHN
Meeting with: CalaChem Ltd
Date: 2314 August 2016
Location: CalaChem Site
Present: CalaChem i [Redacted]
Atkins T [Redacted]
Ref: 5145896 i OOPM i 05
Subject: Potential heat supply
1.0 Project Overview
Atkins have been commi ssioned by the Scottish
Transition P r o g r a (@i Yto produce an outline business case for a heat network scheme
for Falkirk Council.
During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.
The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.
2.0 Meeting Overview
Falkirk Council and Scottish Enterprise have engaged CalaChem over a number of years to
establish the potential to take heat from the chemicals plant, to serve a local district heat network.
This meeting was primarily to establish some further detail around the specification of any
supplied heat, potential off-take location(s) and the availability of heat annually.
3.0 Meeting Notes

The following notes were taken during the meeting;

Item | Note Atkins Comment

01 CalaChem outlined plans for a new build Energy-from-Waste (EfW)
plant on the site that will serve their operations, plus the wider
business part (e.g. Fujifilm, Asda).

The plant is likely to have somewhere in the region of 2 1 3MW of
spare heat, that could potentially be used to feed the heat network.
It was noted that the overall plant capacity could possibly be
increased to provide a greater capacity, but it was recognised
timing and commercials around this would be challenging.

The new plant will have significant resilience; most likely three/ four
12tonne gas boilers.

Gov
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Item

Note

Atkins Comment

02

The timescales for the EfW plant are approximately;
1 Planning decision due September 2016
9 Circa 30 month build; therefore online early-to-mid 2019

03

The EfW plant will be located to the south-west area of the site,
(east of Beancross Road, north of railway line). Hence there may
be potential to make a connection to the network without a
significant run up Earls Road (to be reviewed and confirmed by
Atkins)

04

CalaChem confirmed they are likely to be a heat suppler to the
network, rather than an off-taker.

05

The scale of heat available means CalaChem could not be a sole
source of heat supply to the network. A mix of heat suppliers would
therefore be required.

06

Ca |l a C hfaein@aste) contracts mean they could, potentially,
offer a circa 15 year heat sale agreement period, however this
would be subject to further discussion and negotiation.

07

Understandably CalaChem were unable to provide a potential heat
sale price, but it was noted Atkins will model a range of prices to
understand what price would be required to make the DHN scheme
viable (as per other potential off-takers).

Actions Arising
The following actions were agreed as an output of the stakeholder meeting;

Iltem |Action Date Due Status
01 n/a n/a n/a
02 n/a n/a n/a
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Project: LCITP Falkirk DHN
Meeting with: Falkirk Council Roads Department
Date: 2314 August 2016
Location: Falkirk Stadium
Present: Falkirk Council i [Redacted]
Atkins i [Redacted]
Ref: 5145896 i OOPM i 05
Subject: Heat network routing/ planning
1.0 Project Overview
At kins have been commissioned by the Scottish
Transition P r o g r a(CH@Yto produce an outline business case for a heat network scheme
for Falkirk Council.
During the course of the study Atkins are engaging with a number of key stakeholders, including
potential heat suppliers and heat customers.
The purpose of this Stakeholder Meeting Record is to record the discussions with these
stakeholders, along with any arising actions. The records will be included as part of the final
study output report.
2.0 Meeting Overview
Atkins have undertaken preliminary sizing and routing of the proposed DHN network as part of
the feasibility study. This meeting was arranged to review these routes with the roads department
to understand any major opportunities or constraints within the study area.
3.0 Meeting Notes

The following notes were taken during the meeting;

Item Note Atkins Comment

01 GP outlined the current Falkirk Council (FC) 6 T Iprejécts relating
to road/ junction infrastructure upgrades in the Grangemouth and
Falkirk area;
1 £60m investment over 10 years
1 Key aim to improve accessibility and therefore attract new
business (each project must have a positive economic

case)
1 FC have produced a series of drawings outlining proposed
works
02 The works will generally involve carriageway widening, but it is

unlikely spare ducts for DH pipes could be incorporated, unless a
detailed design is known ahead of time.

03 GP noted routing of pipes in roads is generally preferred strategy,
subject to usual roads approvals process.

Gov
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Iltem |Note Atkins Comment
04 No areas of non-Council (private) land were identified based on

initial viewing of current Atkins DHN drawings, however these will

be issued to roads department for further review/ comment.
05 Specific items noted based on review of current DHN routes;

I Stadium Area;

M9 underpass confirmed as probable best location for
motorway crossing (as shown on current drawings)
Carriageway widening on Grangemouth Road adjacent
to new College site (opportunity to run pipes in road, if
design progressed in time?)

1 School Hub Area;

Noted major process services pipelines running in area
of Inchyra Road/ Wholeflats Road (A905/ B9143) e.g.
British Oxygen services

Falkirk Council owned flood relief channel in the vicinity
of proposed DHN pipe run to Inchyra MacDonald Hotel

Actions Arising
The following actions were agreed as an output of the stakeholder meeting;

Item |Action Date Due Status

01 Atkins to issue current DHN route drawings to Roads 241 August
Department for review/ comment

02 Falkirk Council to provide TIF plan drawings 23 August
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[Redacted]

From: [Redacted]@ineos.com

Sent: 05 August 2016 18:45

To: [Redacted]

Cc: [Redacted]

Subject: Re:FW:Falkirk/ Grangemouth heat load profile
[Redacted],

Thanks for the information - interesting as a high level view of possible numbers. Looks like the peak demand is
equivalent to ~ 30 tph EHP steam / summer demand ~10 tph. | am not sure that annual demand is quite correct at
89,543 MWh ~ 10MW which is the minimum load shown (I would have thought the average to be nearer 15MW ~
130,000 MWh pa. from inspection of the graph). These demands are not incompatible with our supply / demand
balances on site.

In terms of schedule, | am less working to a schedule in this area then you are, so am happy to take my lead from
you. [Redacted].

| have been having a little thought on the economic challenge of this:

1

I think from our conversation we landed on the logic that the price to "bid away" the heat from us would need
to be based on the cost of generation (closely linked to wholesale gas prices) plus some margin for managing
the flows etc (not sure, but suspect that we will also need to confirm whether or not there is a Climate Change
Levy impact).

The benefit to the end consumer is to get heat at a price that is below what they are paying at the moment, so
in most cases this will be based on the retail price of natural gas.

So, with a bit of simplifying and largely ignoring heat losses etc; the "opportunity” is the delta between the
wholesale and retail price of natural gas (assuming my boilers and the consumer's boilers are broadly the
same efficiency)

In the case of your start up heat demand = 89,543 MWh pa. x Delta (Retail - Wholesale), the question is
whether or not there is sufficient "opportunity" to be able to pay for the annual operation, maintenance and
administration plus the Capital (including Finance) plus any return from an investor (if appropriate) AND
achieve a lower price for the end consumer?

I guess the follow up question is whether there is an alternative (policy) way to achieve the same level of
benefit for the end consumer?

Anyway, | look forward to seeing the output in mid-September and if you have any questions from 22nd August
onwards, please get in contact.

Regards,
[Redacted].

[Redacted] | INEOS | Grangemouth | Energy Business Manager | +44 1324 476603 | +44 7584 267860 | [Redacted]@ineos

From: [Redacted]@falkirk.gov.scot

To: [Redacted])/GB/OP-EU/INEOS@INEOS

Cc: "[Redacted]@atkinsglobal.com, [Redacted]@atkinsglobal.com " [redacte d ] @at k i n s g[tedabted]@atkirsgiobal.com, "Duff, Douglas”,
[redacted]@falkirk.gov.scot

Date:  04/08/2016 13:47

Subject: FW: Falkirk / Grangemouth heat load profile



Hi[Redacted] followingon from our recentdiscussioraboutdistrict heatingin Grangemouth; pleaseseeattachedthe
aggregateheatload profile which Atkinshaveworked up for the scheme.

I havecopiedin [Redactedjwho youmet andhiscolleagugdRedacted]to answeranyquestions.
Wearemorethan happyto havea discussiorbasedon this ¢ we are on scheduleto completethis pieceof work by mid

Septemberat which point we will sharethe findingswith you and cantalk about next stepsq doesthis fit in with any
timeframeswhichyou needto work to?

Anyquestions]et meknow.

Regards,

[Redacted]

[Redacted]

Economic Development Officer
Tel. 01324 590 988

Mobile: 0789 460 3142
[Redacted]@falkirk.gov.scot

The information contained in this e-mail is confidential and is intended only for the named recipient(s). If you are not the intended recipient, you must not
copy, distribute or take any action or reliance on it. If you have received this e-mail in error, please notify the sender. Any unauthorised disclosure of the
information contained in this e-mail is strictly prohibited.

The views and opinions expressed in this e-mail are the senders own and do not necessarily represent the views and opinions of Falkirk Council.
[attachment "160803 Heat Network Demand Chart Profile.docx" deleted by

Colin Pritchard/GB/OP-EU/INEOS]



[Redacted]

From: [Redacted] @verdorenewables.co.uk

Sent: 14 July 2016 13:42

To: [Redacted]

Subject: Verdo Grangemouth CHPConsiderations

Attachments: CG17012 Nat Gas1200kWe MN8O.pdf; CG1703-12 Heat Schematic.pdf;Q9759

Verdo Renewables.pdf;Options Summary Sheets.doc

Hi[Redacted],
Nicemeetingwith you earlier.

AsdiscussegleaseseeattachedMabbett optionssummarycontainingvariousequipmentoptionsasper our
feasibilitystudycarriedout earlylastyear.Alsol haveattachedthe FinninggasCHPsolutionwe were onthe verge
of buying.

Bestregards
[Redacted]

[Redacted]
PlantDirector

V — R DORenewabIeStd

Email;redacted]@verdorenewables.co.uk

[Redacted]

This emailhasbeenscannedy the Symanted&mail Security.cloudservice.
For more information please visittp://www.symanteccloud.com



http://www.symanteccloud.com/

Appendix D. Heat Load Profile
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Appendix E. Heat Loads and Metrics
Assessment

Building Annual Heat Attributed Service Pipe |MWhrs/yr/m of service
Demand MWhsg |Length (m) pipeso

Stadium Hub

Falkirk Football Stadium 737 150 49

Forth Valley College 1,588 20 79.4

Fire Station 89 225 04

Victoria Primary School 394 570 0.7

Callendar Hub - Graeme

Graeme High School 4,551 50 91.0
St Andrew's Primary School 493 140 35
Callendar Business Park 1,085 500

CSA Building (old) 1,637 10 163.7
CSA Building (new) 454 120 3.8

Callendar Hub - Tower

Callendar House 38 n/a n/a
6 Tower blocks 4,858 n/a n/a
3+2 Tower blocks 4,048 870 4.7

Grangemouth - School Hub

Grangemouth Stadium 517 8 64.6

Bowhouse Primary school 352 60 5.9

39 Data taken from actual utility metering, heat map data or benchmark data in descending order of
preference

40 Buildings with a line density of < 1 MWhrs heat load per linear metre of service pipeline are perhaps
questionable connections; line density of between 1 and 3 MWhrs are considered borderline. Careful
consideration will be required whether to make a final connection to these properties, although there may be
overriding factors; i.e. social benefits, or integration of future main network routes.



Building

Annual Heat

Demand MWhg3g

Attributed Service Pipe
Length (m)

MWhrs/yr/m of service
pipeso

Grangemouth High school 2,033 200 10.2
Sacred Heart Primary School 308 200

Verdo 40,179 60 669.6
Inchyra Hotel 1,686 355 4.7
School Hub Resi 733 1300 0.6
Grangemouth -Sports Hub

G'Mouth Sports Complex 2,583 30 86.1
Kingseat Avenue 320 1000 0.3
Grangemouth -Oxgang Hub

Moray Primary School 621 20 31.1
Cunningham House 411 30 13.7
New Oxgang School 1,200 150 8.0
Oxgang Road 323 180 1.8
Grangemouth -Distillery Hub

White & Mackay Distillery 850 75 11.3
Newhouse Business Park 95 30

Distillery resi 77 1560 0.5
Day 1 Build Out

Asda 3,696 200 18.5
Beancross School 425 110 3.9
Territorial Army 170 110

Oakwood school 569 85 6.7
Grangemouth Town hall 586 100 5.9




Future Build Out

Gateway 7,631 n/a n/a
Gateway Residential 857 n/a n/a
Grangemouth Residential 4,551 3021 15
Selected Other Buildings given

consideration*

Falkirk Council estates 239 460 0.5
management

Grangemouth Police Station & 226 180 1.3
Library

Paragon Housing Association 69 60 12
Inchyra Road office 228 130 1.8

41 Due to their low load densities and their general remoteness from the rest of the network, these properties
have not been included in the Day 1 built out scheme.




Network heat density is relatively low for the scheme, as identified when considering network heat losses:

School Hub
Without
Verdo

Callendar
Graeme
Hub

2315

688

6040

10.2%

£133,643

Callendar
West

5222

823

8965

8.4%

110 £75,808

Stadium
Hub

1830

629

2808

18.3%

132 £37,964

Oxgang
Hub

1557

477

2642

15.3%

101 £56,779

Distillery
Hub

2892

623

1411

30.6%

77 £51,191

Sports Hub

2215

477

2951

13.9%

70 £73,187

55 £43,746

Day 1 incl
hubs

31800

10904

34294

24.1%

1657 £786,580

Future
Buildout
Total

59319

15986

47307

25.3%

2471 £674,267




Appendix F. Building Surveys
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ExistingHeating Plant

ExistingPlant Age.

Building Heating Circuits

LTHWTemperalures:

Locationfor DHNHeat Exchanger

DHNincomer

Building Pattern of Use

Building / plantroominspections

surveyonly

electricaliyheated

FakirkStadium Stadium | FloorstandingHovalCosmaboilers. 12years [VTradiator circuit c.80degClow. Spacavailablein 4th floor Constannolumecircuitscouldbe
(Weststandonly) Winter boiler (c. 1.2MW) CTconstantvolume AHUGircuit plantroom fagade, .2
Summerboiler (c.0.6MW) port
580kW temp. SunThurgam-10pm pumps
Frisasam2am
nire |Sports Dry: rdry Istioor [Spors. Drycircut
Wet & dry sports v Boilerssetto 40degQ(summer  [plantroom. plantroomon outer fagadeatrearof [6am- 11pm Constantolumecircuitsawkwardto
2 x 450kW 3 mode) po the building replace;multiple local2 port valves
90 kW gasfired water heater radiantpanel was70degC No spacein wet plantroom: a Mechanicaprotectionatlow levelto needed Alternativelya shallow
(Wet: FloorstandingDiDietrich et et slopecompensatectiruit couldbe
2xc 1MW 70degC andpiped belowgroundto wet possible.
CTeonstantvolumecircuitto DHWS plantroom(3ometres). I Wet circuit
Pealgasusageata(1.3MW)suggests plateneatexchanger Constannolumecircuitscouldbe
that eachset of boilersare duty / CToonstantvolumecircuitto pool temp. .
standby calorifiers(3no.) port valvesandreplacementof
pumps.
Distllery No data available Nospacein Willow House Directlyfrom streetto Willow Muchof
Willow House- Office Floorstandingldeal boiler plantroom butviablespacefor House. o district connections Willow
(Workshopunit c.80kW [Workshopboilerc. 15 i i be servedby Houseis the mainfocus.
Factoryunit (3rdparty Workshop: s housingrequired poppingup to first floor boiler
buiding) Fioorstandingboiler location.
BritishCoalEnterpriseq3rd
partybuilding) (Theremainderof workshopis electricor
BritishCoalEnterprisesMostly electric
with 2 workshopunits with gasfired
appiances
Grangemoutttadium School | Original Original: riginal . 80degQiow. Nospacein either planiroorm Directlyfrom carparkio new Mon-Frigam 9pm Ambiradgasfired radiant panelsto
Originaistadiumfacility & 2 DiDietrichfloor standing >25years Vradiator circuit housing
newerindoorCentre o.60KW HU  [Returnat newer from district,and>5 yearsite cycle
Indoor Centre: circuit . plantroom with housingrequired A remaining,
Indoor centre: 12years connectiorwouldbemadeacrosso
Fioorstandingmodularboilers Indoor Centre: originalplantroom (20metres) This Constanvolumecircuitscouldbe
2x200kW VTradiator circuit would follow rake of stand. changedo variablewith the
Plusdirectfired radiantheatersto CTeonstantvolumecalorifiers AHU introductionof 6no.2 port valves
runningtrack circuit andreplacementof pumps.
Pealgasusage(141kW)suggests
loversizingof Indoor Centreplant
Callender CHP Callender |2 x 2MW floor standingbolers Original “temporary Gperatingat 8050 degC Wa a 2417 heatingto estate Notethat not all propertiesin tower
boiler” 10 years,the  [Servesvariablevolume district network |Althoughsite hasspacefor blocksservedhaveadopteduseof
ratherthanload CHP1.069MWel.063MWth restnewer expansionOriginalenergycentre district heatingand retain gasor
was designedo accepta 2MW. electric
boiler, whichis still housedin
temporaryhousing.
spacesavailableshouldenergy
centreexpand.
g Callender c.110kWeach |17 years 4n0.vT; psc.65degCliow. plantroom 7 i c
Highschoolwith community radiatorsbut someradiant parels. 7.30am7. 0
Returnat significannumberof 2 portvalves
approximatesize CTconstantvolume AHUcircuit temp. of piantroom with housing (c. 25) andreplacementof 3 no.
CTconstantvolume DHWSheat required pumps
exchangecircuit(2x209kW)
circuit
Callender a Wa Wa Wa a a
Not f have
surveyonly VRFsystemsandmaynot stite DHN
connection.
g School 900K 8 years [4n0.VTz0nes pachservingmostly Flowtemps 75degCiow. plantoom. 7 assuming, |
radiatorsbut someradiant parels. et exists otherwisetill 18.00 0
useandswimmingpool significannumberof 2 port valves
Pealgascapacitis 1500kW suggesting CTeonstantvolumeAH Ueircuit(& pool |temp. of plantroom,with housing (c.25) andreplacementof 2 no.
a degreeof oversize exchanged 00kw) Designwouldappearto be 75/55  [required pumps
CTeonstantvolumeDHWSheat degCat peakioad
exchangecircut (2x160kW)
Moray Primary School |2 no.floor G0kWeach. most
Includesthe currentOxgang be g |systemoff, retur occasionatveninglets.
isasingle
would seemto stayin use. from 1958 pipe. constantvolumecircuit)
whenthe new build nextdoor
opens.
Oxgang a wa wa wa a a
Note, Nolarge
surveyonly fluesevident It wouldappearthat small
boilersexistfor someoffice areas,but
overalithe existingheat usageappears
low.
Oxgang boiler_|Unknown Unknown Unknown Unknown Fromcar park Unknown
Not
surveyonly sizewould suggests. 200-300kWeach.
School itwas a a a Wa wa a
Not the building was
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Technical Note

ATKINS

Project: LCITP Falkirk
Subject: Heat Loads Risk Analysis Author:  [Redacted]
Date: 2 Aug 2016 Ckd: [Redacted]

Following progress meeting of 28 July 2016, this note presents Atkins source of heat profile data for each of

the key loads in the study. Each load is assessed based upon confidence of source data, with mitigation
measures identified against any high risk loads. Appended to this report is a record of site surveys

undertaken by Atkins to assist in assessing the heat profile data.

Only loads that account for a significant portion of any one local h u btéta heat demand and therefore
present a risk to the conclusions of the analysis have been assessed.

1 Alow confidence identifies that action is necessary.

1 A medium confidence indicates that, generally, the magnitude of the load is relatively clear, although
its profile is less certain and benchmark data is used to produce heat profiles.

1 A high confidence indicates that hourly actual data was available.

Load Centre Heat Load Data Source Confidencein Proposed
(MWhrs/annum) data Mitigation
New Forth Valley 1,588 College design Medium i loadisa | None at this stage.

College

(49% of local hub)

team

design estimate of
an incomplete
design.
Comparison to
benchmarks
suggest figure is
sensible.

Review in future.

Falkirk Stadium 737 Monthly utility data | Medium-High
(23% of local hub)
Callander Park 4,869 Nifes report, but Medium-High
Tower Blocks (53% of local hub) ultimately from
(already monthly heat
connected) metered data.
Callander Park 4,049 Pro-rated from Medium
Tower Blocks (still (44% of local hub) existing flats
to be connected)
Callander Business | 4,175 Heat map data Low i site Benchmark data

Park

(44% of local hub

REVISED TO:
1,085
(18% of local hub)

observation did not
support load.
Benchmark data for
office loads used
instead,
discounting office
that was clearly

used in lieu of heat
map to improve
confidence.

VRF fed.

Revised

confidence:

Medium
Graeme High 2,439 Hourly utility data, High
School estimated boiler

(42% of local hub)

efficiency from site
survey




Technical Note

ATKINS

Load Centre Heat Load Data Source Confidencein Proposed
(MWhrs/annum) data Mitigation
School Hub 1,384 Heat map data Medium Comparison to
Residential (29%/22%?) benchmarks
suggest load is
reasonable.
Grangemouth High | 2,049 Hourly utility data, High
(3%/33%) estimated boiler
efficiency from site
survey
Verdo 49,000 Customer reported | Medium Risk relates to
(80%) annual load, single high
estimated boiler commercial load
efficiency dominating local
hub
Grangemouth 2,592 Hourly utility data, High
Leisure Centre (76%) estimated boiler
efficiency from site
survey
Moray Primary 621 Monthly utility data | Med-High
(18%)
Abbotsinch 480 Heat map data Medium Site inspection
Industrial Estate (14%) indicated some
dispersed gas
usage, although
not one large load.
Oxgang Primary 1,200 School design Mediumi loadisa | None atthis stage.
(34%) team design estimate of Review in future.
a completed
design.
Distillery Hub 449 Heat map data Medium Comparison to
Residential (27%) benchmarks
suggest load is
reasonable.
Whyte & Mackay 850 Customer reported | Medium
(52%) annual load,
estimated boiler
efficiency

1 This hub is dominated by Verdo, a commercial connection. Risk has been re-assessed in the absence of

Verdo.




Appendix H. Pipework Routing &
Constraints

H.1. Approach

To determine the feasibility and financial robustness of each option modelled, Atkins assessed the proposed
network routes and local plant locations. As well as looking at hydraulic issues and most effective pipework
routes, the following sources were also explored to assess constraints or opportunities:

1 Site walkover of routes, determining ease of access, viability of alternative i s @ fi tgputes and other
terrain features that may impact upon routings.*?

1 Review against Falkirk Local Development Plan, identifying planning constraints*?
1 Air Quality Management Zones and Action Plans for Falkirk and Grangemouth?#

9 Utility data; due to timescale of survey, only SGN gas network plans were available for review
against the network routes.

1 Meeting with Falkirk Council roads department to review draft drawings

Initially the local hubs were focused on, as the smaller hub areas are more sensitive to the cost risk and
opportunity inherent in small changes to network routing. Following this assessment, the broad network
interconnector routes were then assessed; this assessment was more strategic, as the interconnecting
pipework tends to follow well defined main routes with limited opportunity for alterative routing.

Where locations for local heat production units are considered, they are ideally located either in the centre of
a hub, or at location close to where a future network interconnector would join it when the larger network is
considered. We have only located plant on land that appears to be already under the direct or indirect
ownership of the Council, except with the specific exception of Verdo Renewables. Local acoustic and
pollution constraints have been considered, and areas that facilitate delivery of fuel without substantial roads
works have been prioritised.

Refer to network drawings contained with Appendix | for the outcomes from this work. Where specific
constraint cannot be avoided, cost allowance has been made within the financial modelling.

Residual risks in network routing are included within the project risk register.

42 Access was limited to public or council owned land.
43 http://www.falkirk.gov.uk/services/planning-building/planning-policy/local-development-plan/
44 hitp://www.scottishairquality.co.uk/lagm/agma?id=371



http://www.falkirk.gov.uk/services/planning-building/planning-policy/local-development-plan/
http://www.scottishairquality.co.uk/laqm/aqma?id=371

H.2. Stadium Hub

Area between stadium car park & road provides
suitable location for energy centre, either stadium
or road side depending on land issues. Access for
delivery through stadium carpark.

Constraint: avoid zone of influence of transmission
lines for construction activity. Otherwise, area east
of A9 has few obvious obstructions.

2 crossings of busy A9 / A904 unavoidable.
Otherwise potential soft dig routes as far as College

Route on boundary of college would require
coordination with design team.

Partial soft / partial side road dig to avoid mature
tress when running adjacent to A904

Soft dig up Middlefield Rd, then cross to primary
school.




H.3. Callendar Hub

>

3 i,
™ Lon

g, Y
School appears to have space that could be utilised
for heat centre, without reducing playing facilities.
Allows use of existing service entrance for road
deliveries. Interface with PPP concession holder.

Alternative energy centre location; no existing road
access plus level change makes it a less attractive
location. Potentially decent soft-dig route for
pipework.

Roman wall is major constraint in these hub, with
excavation within buffer zones, subject to
appropriate controls. Necessitates route straight
across roundabout.

Campus nature of business park makes routing in
the ring-road the least disruptive route.




CSA area is access only road, relatively straight
forward dig; route to avoid tree boundary.

Existing pipe size would require a connection
halfway down Seaton Place to integrate existing
network.

Callendar Park has relatively straightforward routes
through to connect the network.

Connecting Callendar Park direct to Callendar
Boulevard is not practical; substantial mature trees /
lakes make route difficult.

Alternative route to Callendar Boulevard via narrow
lien of trees to Callendar Business Park.

Existing CHP site has room for expansion, if
required.

Flanged connections for boiler; currently boiler still
in temporary housing.




H.4. Schools Hub

Verdo property not accessed during survey. Should
they be an energy supplier or major heat user to the
scheme, their heat load suggest the energy centre
is located on Verdo land.

Outside of Verdo, the grounds of the existing
Scottish Water asset, Bowhouse SPS, may provide
a possible location for an energy centre.

Significant traffic management from routing in
Inchyra Road; intermediate pressure gas main.

While a soft dig is possible most of the way, routing
to Inchyra Hotel is a significant distance, >0.5km.

Stadium car park provides some respite from
Kersiebank Avenue.

Pedestrian route provides best interconnector route
at rear of schools.




H.5. Sports Hub

Rear service area of sports centre has space for
energy centre and is well serviced. Provides short
route to the main load, the two sports centre
plantrooms.

Burn separating sports centre to park and onwards
distribution to residential area.

¥
i

Alternative bridge crossing to temporary diversion
of burn. Routing under burn will provide a more
robust solution, subject to permissions.

Soft dig from burn to Kingseat Avenue properties.

Easy route from park to Kingseat Avenue.

Route in Kingseat Avenue to serve properties on
other side of road.




H.6. Oxgang Hub

Location at side of existing primary would seem
most effective location for energy centre; acoustic
measures to account for nearby residential.

School boundary allows some potential for soft dig
on distribution pipework.

New school in construction; coordination with final
design drawings required for pipe routing.

Private housing means that reaching Cunningham
House involves routing right around Saltcoats
Drive.

Viable route found to Abbotsinch Industrial Estate,
but survey did not suggest abundance of viable
heat loads.




H.7.  Distillery Hub

Energy centre location tricky at this location. Best Smaller size of hub may make a packaged plant
site appears to be in private ownership. area in Newhouse Business Park an acceptable
location, with the loss of some parking.

Wood Street relatively quiet, taking pipeline as far Routing around residential off Lumley Street
as entry point to Whyte & Mackay. straightforward, but many scattered entry points.

Residential feeds require to route on all four sides
of blocks, and to inner courtyards.




Appendix |. Drawings
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