University of the West of England

Northavon House Heat Decarbonisation
Stage 3 Design Report

Reference: REP/01

P01 | 12 January 2024

¥
1S

Al Car Parks
& Departmants

This report takes into account the particular instructions and requirements of our client. It is not intended for
and should not be relied upon by any third party and no responsibility is undertaken to any third party.

Job number 297699-00 © Google

Ove Arup & Partners Limited
63 St Thomas Street

Bristol

BS16JZ

United Kingdom

arup.com



Document Verification

Project title

Document title

Stage 3 Design Report

ARUP

Northavon House Heat Decarbonisation

Job number 297699-00
Document ref REP/01
File reference 4.5
Revision Date Filename REP01 UWE NAH heat decarbonisation Stage 3
design report PO1
P01 12/12/2023 Description Stage 3 Report for comment
Prepared by Checked by Approved by
Name Innes Ross Innes Ross Richard Jones
Alberto Monux Richard Jones
Arthur Cunha
Soares
Signature
Filename
Description
Prepared by Checked by Approved by
Name
Signature
Filename
Description
Prepared by Checked by Approved by
Name
Signature

Issue Document Verification with Document

REP/01 | P01 | 12 January 2024 | Ove Arup & Partners Limited



Contents

Executive Summary

1.
11
1.2
1.3
14
15
2.
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
3.

4,

5.
5.1
5.2
5.3
5.4
9.5
6.
6.1
6.2
6.3
7.

8.

9.
10.
10.1
10.2
10.3
104
11.
12.

Introduction

Energy consumption

Plans for the sites / key challenges
Reference information

Heat decarbonisation approach
Report contents

Decarbonisation Options Appraisal
District heat network

Ground Source Heat Pump (GSHP)
Air Source Heat Pump (ASHP)
Biomass boiler plant

Combined Heat and Power (CHP)
Solar thermal panels

Solar Photovoltaic (PV) Panels
Conclusion

Thermal Modelling

Building Fabric

Mechanical Services

Existing Mechanical Services
Proposed Mechanical Services
Proposed Public Health Services
Plantroom Access and Maintenance
BMS

Electrical Services

Existing Electrical Services
Proposed Electrical Services
Electrical Infrastructure

Acoustics

Structures and Civils

Energy consumption and carbon emissions

Costs, Programme and Resources
Costing

Delivery programme

Resources

Funding Opportunities
Discussion

Next steps

REP/01 | P01 | 12 January 2024 | Ove Arup & Partners Limited

00 0 ~N O O & B B W W W W WDNDNDDNDDNDDNDDNPE

e T e e e e e T e e e e e e e S N T
~N N o o 0l ool DD WWNNDRRPEO

Tables

Table 1 Building fabric performance

Table 2 Heating system performance

Table 3 Energy carbon and cost

Table 4 DEC energy consumption and carbon emissions
Table 5 PV output information

Table 6 IES heating results summary.

Table 7 Existing and proposed facade components and air infiltration rates
Table 8 Heating system summary

Table 9 Ventilation system summary

Table 10 Energy, carbon and cost summary

Table 11 Cost summary for proposed interventions
Table 12 Project team summary

Figures

Figure 1: Estimated GSHP boreholes for Northavon House

Figure 2 Outline of potential roof PV array. Geen zone indicates unsuitable area due to overshading from
towers.

Figure 3 PV generation profile for typical PV array
Figure 4 View of Northavon House from South East
Figure 5 View of thermal model from South East
Figure 6 Elevation indicating building elements

Figure 7 Red dashed line indicates building core areas. Offices/meeting rooms within core typically have 4-
pipe FCUs.

Figure 8 Existing gas fired boilers in roof heating plantroom
Figure 9 Typical office double panel radiator with fins.
Figure 10 Existing ducted chiller in roof heating plantroom

Figure 11 Existing AHU (left) and high level extract fans in the roof ventilation plantroom and the floor soft
spot (right)

Figure 12 Sectional AHU with heat recovery (IV Produkt)

Figure 13 Existing heating plantroom MCP (left) and basement plantroom MCP (right)

Figure 14 Electrical cut-out and metering equipment

Figure 15 LV main swich panel (left) and image of additional outoing feed (right)

Figure 16 Layout of basement plantroom (LV switch panel in yellow)

Figure 17 Existing Package Substation Enclosure

Figure 18 Existing Supply Source Substation location and Incoming Low Voltage Supply route
Figure 19 Indicative delivery programme

Appendices

Appendix A
Building Display Energy Certificates

Appendix B

~N o A NR R R

10
11
14
15
16

~N o O &~ B~

© O 00 ©

10
11
12
12
12
13
13
15



Meter Data Report

Appendix C
Thermal Modelling Design Note

Appendix D

Fabric Performance Audit
Fabric Interventions Assessment

Appendix E
Boiler Nameplate Information

Appendix F
Equipment Selection

Appendix G
Drawings

Appendix H
Electrical Calculations

Appendix |
Costing Assumption and Exclusions

Appendix J
Designer Risk Register

REP/01 | P01 | 12 January 2024 | Ove Arup & Partners Limited



Executive Summary

This heat decarbonisation report is to RIBA Stage 3 level of detail and proposes building interventions to first reduce
the heating demand, and then replace the existing gas fired boilers with a low carbon heating solution.

Northavon House is located on the University’s Frenchay Campus in Bristol and was constructed in 1991. It is an
office building set over 4 floors with a total GIA of 2,281m2. The building accommodation includes:

e Basement accommodating changing spaces and the electrical plantroom
e Levels 1to 3 accommodates university staff offices, meeting rooms, server room and kitchenettes
e Roof plantrooms accommodating the main heating and ventilation plant

The building is not listed and there are no known planning constraints on the building.

Building fabric improvements

The existing building fabric performance is to 1990 UK building regulation standards and the existing facade has
been assessed by a facade specialist. The existing and proposed fabric performance is summarised in Table 1

Table 1 Building fabric performance

Building Element Existing Proposed
W/m2.K W/m2.K

Windows 2.8 13

Curtain walling 2.8 1.3

Roof 0.25 0.16

External walls 0.5 0.5 (no change)

Ground floor 0.7 0.7 (no change)

Heating system interventions

The existing space heating is generated by 3no gas fired boilers in the roof plantroom. The 2no lead boilers are
original and exceed their design life by over 10 years. The third boiler is a backup boiler and was replaced in 2021.

The existing and proposed heating systems are summarised as follows:

Table 2 Heating system performance

System System Size Heat generator efficiency System primary
temperatures

Existing gas fired boilers 3 x 110kwW 0.85 81/72°C

Proposed ASHP 3 X 76kW 3.36 (SCOP) 55/50°C

The following systems are served by the heating system:

o Radiators. The existing radiators shall be replaced except in spaces where the radiator output at a reduced
flow temperature is predicted to be sufficient to meet the predicted space heating loads.

e Fan coil units. The existing 4-pipe FCUs are to be replaced.

¢ Air handling unit heater batteries. The existing AHUs are to be replaced.

University of the West of England
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Ventilation system interventions

The existing central supply AHUs have no heat recovery and make a significant contribution to the heating demand.
The AHUs and associated extract fans are proposed to be replaced with new centralised supply and extract AHUs
with heat recovery.

The open plan offices are predominantly naturally ventilated and it is proposed to retain this approach due to the
building constraints. An upgrade of the existing ventilation DX system and enhanced CO2 monitoring and control is
proposed to enhance comfort in the space.

Electrical systems

Power is distributed from a floor standing LV switchboard panel within the basement plantroom. The electrical
supply to the main electrical switchboard is derived from the utility cut-out and metering equipment located at the
northern end of the building. This is fed exclusively from an external substation located at the east of the building.

The substation’s existing spare load capacity (197 kVA) is sufficient for the electrification of the heating system and
no upgrades are anticipated. The existing basement LV switchboard does not have sufficient outgoing ways with
capacity to accommodate the power supplies for the new heating equipment. A new distribution panel is proposed
between the existing utility intake and the existing LV switchboard to limit the disruption and minimise cost to
existing installation. The resulting spare load capacity following the heating system replacement will be reduced to
57 kVA.

Energy, carbon and cost

Table 3 summarises the existing and proposed energy, carbon emissions, associated fuel costs, and a budget cost.

The heating decarbonisation works can potentially reduce the buildings carbon emissions by approximately 32%
using 2023 carbon factors for gas and electricity. The carbon emissions will reduce further as the electrical grid is
decarbonised.

Fuel costs are approximately the same due to the high unit cost of electricity versus gas, but are predicted to reduce
as the unit cost of electricity reduces in the future.

The estimated budget cost for the heat decarbonisation project is £2.6million and is based on industry pricing books.

Table 3 Energy carbon and cost

Year Electrical energy Fossil Fuel energy EUI Carbon Carbon Operation | Budget
consumption consumption emissions | emissions | Costs Costs
saving
kWh/ m2 | MWh kWh/ m2 MWh kWh/ m2 Tonnes Tonnes £1,000s £m
CO2e CO2e
Existing 52 221,328 525 224,753 104 86 - 54
Proposed 61 261,141 0 0 61 54 33 50 2.6

Decarbonisation high level programme summary

The proposed decarbonisation programme is below.
e Year 0 apply for Salix funding. Stage 4 design.
e Year 1 Contractor Appointment. Fabric upgrades
e Year 2 Boiler replacement with ASHP. Installation and commissioning.

e Year 3 Decarbonisation review / monitoring / updates

Northavon House Heat Decarbonisation
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1. Introduction

In February 2020 the University of the West of England (UWE) declared a Climate and Ecological Emergency and
launched ‘Strategy 2030° which commits to be carbon neutral by 2030. UWE Bristol commissioned a
decarbonisation plan of its Estate and Northavon House was highlighted as falling outside of the Frenchay campus
heat network decarbonisation work due to its location and relatively small heating load.

UWE has several campuses across Bristol including Frenchay, City, and Glenside. Northavon House is located on
the Frenchay Campus and was constructed in 1991. It is an office building set over 4 floors including:

e Basement accommodating changing spaces and incoming electrical plant.
e Levels 1to 3 accommodates university staff offices, meeting rooms, server room and kitchenettes.
¢ Roof plantrooms accommaodating the primary heating and central ventilation plant.

This report proposes a heat decarbonisation solution for Northavon House to RIBA Stage 3 level of detail.

1.1 Energy consumption

The building’s existing energy consumption as reported in the Display Energy Certificates (DEC) over the past 5
years is in Table 4. The DEC certificates report the energy use from the previous year. Additionally, the available gas
and electricity meter data has been evaluated to understand the existing energy use profiles and peak system loads.
The DECs and meter data report can be found in Appendix A and Appendix B.

Table 4 DEC energy consumption and carbon emissions

DEC Year Electrical energy consumption Fossil fuel energy consumption EUI Carbon
emissions

kWh/m2 kWh kWh/m2 kWh kWh/m2 TonnesCOze

2020 61 261,141 49 209,769 110 92

2021 54.91 235,070 52.1 223,040 107 89

2022 50.26 215,163 88.78 380,067 139 113

2023 51.7 221,328 52.5 224,753 104 86

2024 455 194,786 27.71 118,627 73 62

Building GIA used in DECs is 4,281m?

2022 DEC data discounted. Building in covid operation with higher than usual fossil fuel consumption.

2024 DEC data discounted. Low energy consumption impacted by internal fit out works.

2023 carbon emission factors from GHG conversion factors 2023 (0.18kgCO2/kWh gas; 0.2kgCO2/kWh elec)

1.2

restrictions or planning guidance for this building.

Plans for the sites / key challenges
Northavon House is not a listed building and the University have advised that there are no known planning

There are no major refurbishment plans or change of use for the building. Any future improvements will need to

meet UK building regulations as a minimum.

1.3

The following information has been referenced as part of this report:

Reference information

o DEC certificates (2019 — 2024).

University of the West of England
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¢ Incoming gas and electricity meter data between 2022 and 2024
o O&M information — Architectural and Structural record information (MEP information not available).

e SPONS 2024 pricing books

1.4 Heat decarbonisation approach
Fabric first

This project follows a fabric first approach to reduce energy consumption passively. This will reduce the heat loss
from the buildings and reduce energy consumption for the remaining life of the building.

Improving the thermal performance of the building requires the replacement of windows and curtain walling. This
will improve the overall buildings fabric but could impact the building character and aesthetic. The visual impact
will need to be reviewed by the University alongside an appropriate Architect in the next design stage.

Heat source

The building is served by gas fired boilers. The proposal provides an electric based heat source to replace the
existing fossil fuel system. These works would ideally take place outside of the heating season, be completed in a
single phase, and follow with the fabric improvements and AHU replacement.

Heat emitters

The heat output of the existing heat emitters, i.e. radiators and FCUs, will be reduce at the lower flow temperatures.
There will be instances, particularly on the ground floor and top floor, where radiators need to be replaced.

Building electrical works

The heating system electrification requires upgrades to the electrical distribution and additional supplies. The
proposals are outlined in this report and describe the scale and extent of the works necessary to switch to an all-
electric heating system.

Electrical incoming infrastructure

The University’s transition from fossil-fuel based heating systems to electricity-based systems will increase demand
on the existing electrical supply infrastructure.

An electrical load assessment has been undertaken to identify the impact of the proposed system against the existing
building systems. The Distribution Network Operator (DNO) has verified that the existing incoming electrical
infrastructure arrangement has sufficient capacity to accommodate the anticipated increase in maximum electrical
load demand. The DNO have noted that confirmation of the existing equipment is subject to a site inspection to
ascertain the incoming fuse sizes, the incoming cable size from the substation need to be assessed to determine if
further upgrades, with associated charges if required.

Cost

A high-level costing exercise has been carried for the proposed works using industry pricing guidance. The costing
exercise provides the University with an indication of budget costs, and will require the input of a quantity surveyor
during later design stages to verify these. A summary of the costs can be found in section 10.

1.5 Report contents
The contents of this report are as follows:

e Decarbonisation options appraisal

e Building analysis (Thermal model, fabric, mechanical, electrical, acoustics, structure and civils)
e Energy and carbon

e Costs and programme

e Discussion and next steps

Northavon House Heat Decarbonisation
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2. Decarbonisation Options Appraisal

This section provides an appraisal of the various technologies that were considered for Northavon House. A brief
introduction is given for each technology, as well as clarification as to why they may have been discounted, for
either being impractical due to limitations of the site, or due to client preferences.

2.1 District heat network

A district heating scheme typically comprises of one or more energy centres used to generate heat, which is
distributed around a piped network (normally buried), routed to each end user. Heat is transferred into individual
properties and is then used in conventional heating systems. District heating schemes can vary widely in scale.

The Frenchay campus has an existing district heat network with heat generated by CHP engines and it serves several
buildings on the campus. The addition of Northavon House onto the heat network has been considered as part of the
wider UWE decarbonisation plan but has been discounted due to the distance from the existing heat network, the
relatively low heat demand, and disruption created by laying pipework to the building. Additionally, the UWE
decarbonisation plan reports that the pipework heat losses are prohibitively high and therefore connection to the
heat network has been discounted.

2.2 Ground Source Heat Pump (GSHP)
The earth's mass and any water stored within it provides a consistent heat source that can be utilised to heat (and
cool) buildings utilising heat pumps and pipework circuits.

A closed loop GSHP works by pumping a refrigerant (brine or glycol) around a network of pipes in contact with the
earth. This heat from the earth is transferred to the fluid and is then used as the low-grade energy source for a heat
pump. The system adds or removes heat from the water circuit before returning it to the ground.

GSHPs work most effectively when the approximate heating and cooling loads are similar, creating a balance
between the amount of heat removed and put back into the surrounding ground. Typically, GSHPs have a higher
SCOP than ASHPs.

Heat pumps typically operate with a lower flow temperature than a traditional gas fired boiler which can reduce the
heat output of the emitters. This potentially requires installation of additional heat emitters and/or upgrade of the
existing emitters to achieve the required space heating loads.

The GSHP heating plant is typically no larger than a floor standing boiler and can be accommodated in an internal
plantroom. Noise is less of a concern than other types of heat pump types.

The reference service life of a GSHP, including boreholes and all ancillary components (including closed and open
loop systems), is 20 years.

Heat pumps require a fuel input in the form of electricity and are considered a low-carbon technology.

2.2.1 High level GSHP desktop study

Using general guidance documentation, our experience on similar projects, and guidance from manufacturers, we can
estimate the approximate space required to install GSHP as a heating source. This is a high-level study and a more
detailed desktop study would be recommended to provide more detailed analysis and recommendations. The study is

based on the predicted space heating load following the building fabric improvements excluding external wall
insulation and using the following parameters:

Ground temperature: 10.6 °C

Ground conductivity: 2.2 W/mK (based on sandstone geology, assumed by GSHP manufacturer)
Vertical collector (bore hole) max power per unit length: 64 W/m

Bore hole depth: 235m

Spacing between bore holes 12m

University of the West of England
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12 boreholes are required to provide the heating demand for Northavon House GSHP which will cover the entire
northern carpark - see Figure 1. A horizontal pipe arrangement has not been considered due to space limitations.

Figure 1: Estimated GSHP boreholes for Northavon House

A manufacturer GSHP cost estimates for Northavon House is in the order of £ 550,000 for vertical boreholes (based
on manufacturer quotes). Additional costs such as inflation, incoming services, electrical upgrades, and particular
site influences are not included within this figure. Obtaining specific costing advice prior to advancing a GSHP
installation project is recommended.

GSHPs are considered a viable heating solution for the building, however the GSHP output is dependent on
several factors influenced by the local situation and further detailed studies are recommended if pursuing this
technology.

2.3 Air Source Heat Pump (ASHP)

ASHPs works in a similar manner to a GSHPs but ambient air is used as a heat source as opposed to the ground. The
ambient air temperature varies far more than the ground temperature and the efficiencies are generally lower than a
GSHP system. The overall system is typically cheaper to install than a GSHP as the costs associated with installing
a ground loop or boreholes are not present.

ASHPs are available in many sizes and configurations and can operate at different flow temperatures, traditionally
running most efficiently at lower flow temperatures. As with GSHPs, the lower flow temperature reduces the heat
output of the emitters, potentially requires installation of additional heat emitters and/or upgrade of the existing
emitters to achieve the required space heating loads.

ASHPs are located externally which can take up a significant amount of useful space at ground level. Structural
interventions are usually required if ASHPs are accommodated on the roof.

Noise generation from ASHPs can be an issue in noise sensitive areas and often require acoustic treatment.
The reference service life of a ASHP is 15 years.
Heat pumps require a fuel input in the form of electricity and are considered a low-carbon technology.

ASHPs are considered a viable heating solution for the building.

2.4 Biomass boiler plant

Biomass boilers use wood as their primary fuel source. Biomass fuel source is carbon neutral as the fuel source is
derived from plant material and/or animal waste. The carbon released in the burning of the fuel is offset as from the

Northavon House Heat Decarbonisation
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carbon absorbed from the atmosphere during its growth. It is important to note there is still a carbon emission
involved with biomass, fuelling the delivery vehicles, processing wood into pellets etc.

Whilst it is not a statutory requirement, the biomass fuel should be sourced from a local supplier to ensure that the
carbon emissions arising from the process are not undermined by large carbon emission from transporting the fuel to
site. Although biomass offers a very effective solution to reducing carbon emissions, the operation of the plant is
more complicated and labour-intensive than a conventional gas boiler system. Regular deliveries of fuel are also
required dependant on the size of the store accommodated onsite.

The bio-fuel source must be stored onsite prior to being burnt; therefore, there is a compromise to be made over the
area allocated for storage space. Biomass boiler flues often need to terminate a minimum of 3m above the highest
point of the roof in order to comply with the clean air act.

Due to the large storage requirements, regular delivery of large quantities of fuel, increased NOx emissions and the
generation of dust and noise with deliveries, biomass boiler technology has been discounted. The explosion and
fire hazards associated with biofuel storage also make it a less attractive option.

2.5 Combined Heat and Power (CHP)

Natural gas/biomass can be used in CHP plant for the generation of electricity with waste heat used for space
heating, domestic hot water, cooling (using an absorption chiller), and humidification and dehumidification where
required.

CHP is generally considered to be economically viable if there is a high simultaneous heating and electricity demand
for more than 5,000 hours per year which is unlikely for this building. Thus, CHP has been discounted as a
solution for this project.

In addition, for gas-fuelled CHP systems, the carbon dioxide emissions from the electricity grid will decrease as the
national grid is de-carbonised, and so a solution that is based on consumption of electricity, would be expected to
emit fewer carbon emissions in the long term. It is projected that condensing boilers will become more carbon
efficient than CHP in the short term, and air source heat pumps are significantly less carbon intensive both now and
in the future.

2.6 Solar thermal panels

Solar thermal panels absorb sunlight to heat hot water that can then be used within the building. Solar thermal panels
are more efficient than PV panels and can significantly reduce domestic hot water loads when running at peak
efficiency during the summer months.

The building has a very small domestic hot water load and the provision of solar thermal panels has been
discounted.

2.7 Solar Photovoltaic (PV) Panels

Photovoltaic (PV) panels convert sunlight into electricity and therefore are most effectively mounted on an
unobstructed south facing roof area, angled at an elevation of around 10-30 degrees from the horizontal axis.

For the southern part of UK, a PV array is typically able to provide a useful output of 90-110kWh per annum for
every 1m? of array.

The carbon reduction benefit from the installation of PV reduces overtime as the carbon factor associated with grid
electricity reduces year on year. Despite this, PV is a mature technology which reduces grid electrical consumption
and therefore PV is a viable technology.

2.7.1 High level PV desktop study

Using general guidance and information from manufacturers, we can estimate the approximate output from a roof
mounted PV array. This is a high-level study and a more detailed desktop study is be recommended by a specialist
PV designer should this technology be chosen. The study is based on the available roof area indicated in Figure 2

An array covering the east and west roofs only can generate approximately 143MWh per annum which is
approximately 57% of the buildings current electrical consumption.

University of the West of England
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Table 5 PV output information

Roof Area Orientation Angle Peak output Annual output
m2 kW MWh
430 E 35° 86 71
430 W 35° 86 73
172 143
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Figure 2 Outline of potential roof PV array. Geen zone indicates unsuitable area due to overshading from towers.

The peak PV generation is predicted between April and August and for a large portion of this time the building is
unoccupied during the summer holiday period. Also, the building’s peak electrical demand is expected in winter with
a building with an all-electric heating system.

Monthly energy output from fix-angle PV system
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Figure 3 PV generation profile for typical PV array

There is limited opportunity for the building to share the energy generated with other buildings on Campus as
Northavon house is on a separate electrical distribution circuit to the wider campus.

The University has also raised concerns regarding the maintenance of pitched roof PV systems due to issues with
other building on campus and for this reason PV has been discounted.

Northavon House Heat Decarbonisation
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2.8 Conclusion

A selection of LZC measures have been evaluated for their site suitability, carbon reduction potential and client
needs. From this, it has been demonstrated that ASHPs are a suitable solution to provide a meaningful reduction in
carbon emissions.

GSHPs offer slightly improved energy savings versus ASHPs, however ASHPs are preferred due to the smaller
capital costs and reduced site disruption.

University of the West of England Northavon House Heat Decarbonisation
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3. Thermal Modelling

A Dynamic Thermal Model has been built in IES Virtual Environment 2023 to assess the impact of the proposed
building fabric interventions. Refer to Appendix C for thermal modelling report.

The building geometry was built in IES using the available architectural general arrangement layouts and sections. The
dimensions were validated using approximate site measurements and information from a 3D Lidar scan of some spaces.

The IES model has been baselined against the 2023 DEC annual energy consumption and the available half hourly
metering data to inform the existing peak building loads.

The proposed thermal model is based on improved fabric (windows, curtain walling and roof), AHUs with heat
recovery, and a gas heating system with 85% efficiency (for comparison with the actual building performance). The
peak thermal load is based on sensible heat load (discounting the boiler efficiency losses) to give the peak heating load
required for sizing of the heat pumps.

A summary of the results in included in Table 6 below.

Table 6 IES heating results summary.

Scenario Annual gas Comments
heating IES Thermal Peak thermal load
consumption model vs actual KWh
kwh

Actual building 291328 ) 170 Annual heating energy consumption based

performance ' on DEC 2023 output for fossil fuels
IES result is within 10% of actual DEC

IES Base model 233,505 -6% 185 2023 data and therefore considered
reliable.

IES Proposed model 154,623 -34% 143 Improved fabric and ventilation upgrades

(10% management factor applied).

University of the West of England
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Figure 4 View of Northavon House from South East

Figure 5 View of thermal model from South East
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4, Building Fabric

The existing facade thermal performance of the walls, windows and curtain walling has been assessed by the Arup
facade team and recommendations for the improving the building fabric are proposed. See Appendix D for facade
reports.

The roof and ground floor U-values are, based on visual inspections and from record drawings, assumed to be to
1990 Building Regulation limiting U-values.

Two fabric upgrade options have been considered; a deep retrofit and a light retrofit. The deep retrofit option
includes all the proposed retrofit targets outlined in Table 7. The light retrofit discounts the external wall overclading
but includes all other measures. The recommendations are discussed in the facade report.

A light retrofit is proposed for this building, i.e. windows, curtain walls, and roof insulation upgrade. The deep
retrofit has been discounted due to the significant cost uplift and likely disruption for only a marginal improvement
in the overall thermal performance.

A building air test should be completed following the fagcade upgrades to measure the building airtightness.

Additionally, the University should explore recycling options for salvaged materials to further the University’s
commitment to sustainable practices. Consideration should be given to include this as a question in the Contractor
procurement process.

The fagade report discusses the condition of the existing building fabric and recommends a list of actions:

e An intrusive survey is recommended to confirm the wall’s build-up and if the insulation material is combustible.
e Investigate the extent of corrosion of lintels above window and curtain wall openings on ground and first floors.
e Undertake minor repointing for brickwork and mortar.

¢ Replace hardened silicone at movement joints.

Clean and remove stains and organic growth from surfaces.
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Table 7 Existing and proposed facade components and air infiltration rates

Facade component | Proposed retrofit options Estimated existing Retrofit thermal
thermal performance performance target
Walls (deep retrofit | = Reclad or overclad with additional external 0.5 W/m2K | 0.26 W/m2K deep retrofit
not proposed) insulation:
» Remove existing combustible insulation, if
necessary.
» Reclad with brickwork or alternative cladding,
ensuring the lintels above all openings are
installed in compliance with standard industry
specifications.
The above are included to illustrate the potential
improvements
Windows * Replace glazing system 3.1 W/m2K 1.3 Wim2K
g-value 0.7 g-value 0.4
Curtain wall + Glazed area: Replace secondary components. | 31 W/m2K 1.3 W/m2K
» Opaque area: Replace opaque panel and value 0.7
blockwork with insulated opaque panels. g '
Replacing the entire curtain wall system should
be considered if the above works are insufficient
in achieving the target thermal performance and
has been allowed for in costing.
Roof Additional mineral wool insulation added to 0.25 0.16
existing to achieve target u-value
Ground floor N/A 0.7 N/A
(ground contact)
Airtightness Airtightness target based on proposed measures 7.5 ACH light retrofit
6-ACH deep-retrofit
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Crewtany | | Prfyulel Poste Gl Py {evesle Thmy Mudey Woder
S T Pemted T Wi Papous e fpat om B
1
& e T ]
T 5 ] = 0 o e b0 ol el e - I
i 0 %
? {EHEN]
- = - — = - ! [ = o e ——
L1 ! i |I'.| ll r. L L] F'I
| wn shosr s — c_‘_-é;:_it:&., ::p:::?pxn:lmjm
i o asaeat s ;
Curtain Walls : : — Roof — cold void

Figure 6 Elevation indicating building elements
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5. Mechanical Services

5.1 Existing Mechanical Services

There is no available M&E O&M information. Our understanding of the existing system is from site walkarounds
and discussions with site staff.

511 Existing heating
3no gas fired condensing boilers are located in the roof heating plantroom. See Appendix for boiler nameplate
details.

e 2no original Strebel condensing boilers. Lead boilers installed 1991.Boilers past end of service life.

e 1no Strebel condensing boiler. Back-up only. Installed 2020.

The primary LTHW system includes a dirt/air separator and pressurisation unit with associated expansion vessels.
The secondary LTHW circulation systems are:
e LTHW VT circuit serving radiators. Twin head inverter driven pump in heating plantroom.

e LTHW CT circuit serving AHUs and FCUs. Twin head inverter driven pump in heating plantroom.

The LTHW pipework is distributed from the plantroom and through the roof void to a vertical riser where it drops to
serve the lower levels. The LTHW VT pipework branches off the riser pipework at low level and runs within the
floor voids. The LTWH CT pipework branches off the riser pipework at high level and runs within the ceiling voids.

The perimeter radiators are double panel type with fins and are located throughout the building.

4-pipe fan coil units are located within the ceiling voids of meeting rooms and offices in the core areas of the
building only.

Figure 9 Typical office double panel radiator with fins.

Figure 7 Red dashed line indicates building core areas. Offices/meeting rooms within core typically have 4-pipe FCUs.
The heating plant and distribution is original. Where visible, pipework is in steel and insulated along its length.

The lead boilers, pumps and controls exceed their design life and should be replaced. The original backup boiler
recently failed and has been replaced. The external condition of the distribution system appears to be good, however
water testing should be undertaken to confirm the overall pipework system condition.

University of the West of England Northavon House Heat Decarbonisation
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5.1.2 Existing cooling
A ducted air-cooled chiller is in the roof heating plantroom and is ducted to the roof.

The CHW serves the office supply AHU and the 4-pipe FCUs in the meeting rooms.

The chiller has integral circulation pumps and the CHW is distributed from the plantroom and through the roof void
to a vertical riser where it drops to serve the fan coil units and the AHUs.

In addition to the chiller, there are multiple DX systems within the building providing heating and cooling.
e Server room on ground floor

e Open plan offices. 6no duct-mounted DX batteries on supply air ducts to offices (2no per level) to provide
summer cooling only. The building primarily uses natural ventilation to reduce risk of overheating, with the
cooling system operating only on the hottest days and when internal space temperatures in open plan offices
exceeds 24°C.

The cooling plant, FCUs, and CHW distribution is original and exceeds its design life. It is reported to be in good
working order.

5.1.3 Existing ventilation
The open plan offices and meeting rooms are predominantly naturally ventilated using openable windows.

There are 3no balanced ventilation systems; 2no are in the roof AHU plantroom and 1no in the basement plantroom.
The supply AHUs and extract fans are described as follows

e AHUL serves WC core and is located in the roof AHU plantroom. A supply AHU and inline extract fan provides
make up air and extract air to the WC areas. The AHU has a heater battery connected to the LTHW CT circuit.

o AHU2 serves offices and meeting rooms in the core area and is located in the roof AHU plantroom. A supply
AHU and inline extract fan provide fresh air and extract air. The AHU has a heater battery connected to the
LTHW CT circuit and a cooling coil on the chilled water circuit.

e AHUS serves the basement changing area and is located in the basement plantroom. A supply AHU and inline
extract fan provides make up air and extract air to the WC areas. The AHU has a heater battery connected to the
LTHW CT circuit.

The open plan offices have a summer cooling system (6no in total) which comprises of a supply fan with DX cooling

coil for cooling only. Oval ductwork in installed at high level within each open plan office with linear deflection
grilles. The system is controlled to run on hot days and when the space temperature exceeds a setpoint of 24°C as
described earlier in this report.

The entrance foyer has a general extract system and a smoke extract system. The extract fans are located in the roof
AHU plantroom.

There are several local wall mounted extract fans which serve kitchenettes, café and server room.
The ventilation plant and distribution is original and exceeds it's design life.

5.1.4 Existing cold water services

The incoming cold water enters the building in the basement and rises to a cold water storage tank in the heating
plantroom. The cold water tank has been disconnected since the University is satisfied that the flowrate provided by
the incoming mains water is suitable for the building.

The pipework distribution is original and within its design life.

University of the West of England
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5.15 Existing domestic hot water services
A 150 litre direct electric hot water cylinder is in the roof AHU plantroom and serves the WC core on ground,first
floor and second floor. A circulation pump distributes the domestic hot water around the recirculation system.

Local electric point of use water heaters serve kitchenettes.

The pipework distribution is original and within its design life. The cylinder and circulation pumps have been
replaced recently and are within their design life and appear to be in good condition.

Figure 11 Existing AHU (left) and high level extract fans in the roof ventilation plantroom and the floor soft spot (right)
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5.2 Proposed Mechanical Services
The proposed mechanical systems are:

e ASHPs to replace the existing gas fired boilers.
e AHUs with heat recovery to replace the existing central supply AHUs and associated extract fans.
e Upgrade open office summer cooling ventilation system.

These are described in more detail in this section.

5.2.1 Proposed Low Temperature Hot Water (LTHW) heating plant

The existing gas boilers and associated flues shall be removed. The existing primary circulation pipework and pumps
shall be removed. The gas supply to the plantroom shall be capped at the entrance to the plantroom. The meter can be
removed as gas shall no longer be consumed within the building.

3No. Mitsubishi MEHP-iS-G07 0102 ASHP units with 76kW capacity each shall be installed in an external ground
floor plant enclosure. An integral pump shall be included with each ASHP. This allows the flow rate of the primary
system to change in line with the ASHPs being brought online. A header pipe shall connect the ASHPs within the
enclosure. Heating pipework shall rise up the outside of the building to the roof heating plantroom. The pipework
will enter the building at low level in the plant room. A new drainage point local to the ASHP enclosure is required
for ASHP condensate.

A plate heat exchanger (PHX) shall be installed within the roof level plant room to maintain separation from the
existing system and to control the return temperature to the ASHP. Pipework connections shall be made from this
PHX to the existing boiler circulation pipework. A flow and return low loss header shall be installed on the building
side of the PHX and existing secondary heating pipework shall connect into them.

A buffer vessel shall be installed in the plantroom to achieve the minimum system water volume for the ASHPs. The
total hydraulic content of the primary system required for the ASHPs is approximately 2,400 litres. The anticipated
content of the primary LTHW pipework can be included from the hydraulic water content.

The VT and CT heating circuit pumps shall be replaced with twin-headed pump to suit the new system duty.
New plinths shall be installed for the PHX and the buffer vessels.

The proposed ASHP arrangement provides resilience for the heating systems and, should one ASHP be out of
operation during the peak heating season, the remaining heat pumps can provide the building heating duty. i.e. N+1

See equipment selection in Appendix and drawings in Appendix

5.2.2 LTHW system

The existing LTHW system operates at 81/72 °C flow and return and this shall be reduced to 55/50°C to allow the
ASHP to operate efficiently. The reduced flow temperature will require some heat emitters to be replaced due to a
lower heating output and shall be investigated in the detail design stage. The reduction in flow and return
temperatures of the LTHW system will reduce the emitter output by ~45% as the MWT reduces from 70 °C to 50 °C.
A cost allowance has been made for replacing ground floor and top floor radiators if the existing output is not
sufficient to meet the space heating load following the fabric improvements.

The existing supply only AHUSs are to be replaced with efficient supply and extract AHUs with heat recovery and the
AHU heating demand will reduce significantly. The CT circuit shall be recommissioned for the new pumps and new
flowrates.

The existing FCUs are in the spaces with tempered fresh air supply from the central ventilation system It is proposed
that the existing fan coil units are replaced as they are unlikely to achieve the required space heating duty at the
lower flow temperatures and they also exceed their reference service life.

The Table 8 below summarises the existing and proposed primary heating plant conditions.

University of the West of England
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Table 8 Heating system summary

System System Size Heat generator efficiency System primary temperatures
Existing gas fired boilers 3 x 110kW 0.85 81/72°C
Proposed ASHP 3 X 76kW 3.36 (SCOP) 55/50°C

523 Proposed ventilation — central ventilation systems

The existing supply AHUs and associated extract fans shall be removed along with AHU heater batteries (frost and
space heating) and other accessories. The existing supply and extract distribution ductwork shall be retained.

3no supply and extract AHUs with heat recovery shall be installed in place of the roof and basement AHUs. Each
AHU shall be complete with a supply fan, extract fan, thermal wheel, heater battery, motorised dampers and integral
controls. Integrated heat pump units can also be considered and a cost benefit analysis should be conducted at the
detail design stage.

Sectional AHUs are proposed to allow the AHU sections to be posted through the existing ventilation plantroom soft
access spot in the floor of the plantroom (see Figure 11).

."V“f -

Figure 12 Sectional AHU with heat recovery (IV Produkt)

Each AHU is to be connected to the existing BMS system for control and monitoring.

Local ductwork modifications shall be required within the ventilation plantroom to accommodate the new AHUs and
acoustic attenuators. Local room ductwork modifications are proposed (office AHU system) to provide local
ventilation demand control based on room CO2 levels. Ventilation demand control on BMS.

524 Proposed Ventilation — Open plan offices
The 6no existing supply fans and associated accessories and oval ductwork shall be retained.

The existing cooling only DX system (ductwork DX coil and external DX unit) shall be replaced with a DX system
capable of heating and cooling along a new DX coil shall replace of the existing coil. Ductwork modifications shall
be required to suit new DX coils. External condenser to be located in the same location as existing and reuse existing
power supply.

In addition, each supply fan shall be controlled using new room CO2 and temperature sensors. The CO2 sensors
shall control the fan speed to run at a background speed (25% adjustable) when the space CO2 level rises above an
adjustable setpoint, say 1000ppm, linearly to full speed at a CO2 level of 1500ppm (adjustable). The fan shall be off
at all other times unless called upon for cooling when the fans shall operate as the existing control regime.

The BMS shall control and monitor the fans and sensors.

Northavon House Heat Decarbonisation
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Installation of local MVVHR units in the open plan offices to replace the existing supply fans has been appraised for
the following options:

e Centralised AHU with heat recovery. AHU per open plan offices wing, i.e. north wing and south wing. Existing
supply ductwork retained. New return air grille local to AHU. This is discounted due to the plantroom and riser
space requirements and additional large opening in the fagade for the louvres.

e Decentralised MVHR units. Single high level MVHR unit serving single floor on each wing. Existing supply
ductwork retained. This has been discounted due to the space height limitations and the disruption caused by
installation including new builderswork holes for louvres.

o Decentralised hybrid ventilation units. Multiple high level hybrid ventilation units serving single floor on each
wing. Existing supply ductwork removed. Hybrid ventilation units temper incoming fresh air by mixing warm
return air to prevent cold draughts in winter and are controlled on room CO2. This has been discounted due to the
space height limitations and the disruption caused by installation including new builderswork holes for louvres.

525 Ventilation system summary
The table below summarises the existing and proposed primary ventilation plant.

Table 9 Ventilation system summary

System Flowrate Heat recovery | Additional requirements
m3/s
wcC Existing 1.2 n/a
Proposed 1.2 80%
Meeting rooms | Existing 1.6 n/a Demand control vent in each room using local CO2 monitoring in
each space.
Proposed 1.6 80%
Basement Existing 0.68 n/a Volume reduced. Serves changing area only at 10ACH.
Proposed 0.35 80%
Open plan Existing n/a n/a Natural ventilation
offices Supply fan connected to DX cooling coil for controlling peak space
temperature on hot days.
Proposed n/a n/a Natural ventilation.
Winter ventilation demand control based on CO2 in space.
DX unit with heating and cooling coil in ductwork to help mitigate
cold draughts in winter.
Temperature control on hot days as existing.
5.3 Proposed Public Health Services

Pipework modifications shall be required to the local cold water and drainage system within the roof plantroom for
the proposed pressurisation units.

Local external drainage shall be required for the new ASHP external enclosure for condensate waste.

54 Plantroom Access and Maintenance

Access to both roof plantrooms is via vertical ladders from the floor below. In addition, the ventilation roof
plantroom has a soft spot within the floor for plant replacement. There is an accessible walkway is between the roof
plantroom in the roof void.

A method statement and safe working procedure will be required for the plant replacement and work in plantrooms.
The basement plantroom is accessed via stairs and a lift from the ground floor.

University of the West of England
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5.5 BMS

The existing heating plant equipment is controlled by the main panel located in the roof heating plantroom. The
basement ventilation plant is controlled by a MCP in the basement plantroom. See Figure 13.

The panels contains all contactors, overloads, relays and BMS outstations that control the local boiler plant,
associated pumps and roof ventilation plant. The outstation connects to the existing site-wide University system.

-
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Figure 13 Existing heating plantroom MCP (left) and basement plantroom MCP (right)

The controls package will include the necessary modifications to the existing panel sections associated with the
removal of all redundant components associated with gas boiler system and roof ventilation plant and the addition of
the new interface equipment to the controls and BMS sections for remote alarms and monitoring.

This will include, but not limited to all associated new electrical and control cabling, upgraded/replaced controllers,
additional over-ride controls and switching, new sensors and switches, interfaces with pumps and metering.

Additionally, the BMS will monitor all sub-meters as part of an automatic monitoring system.

Submeters will include heat meters (ASHPs and heating circuits), mechanical plant (DHW, Ventilation, DX) and
electrical distribution boards.

A detailed points list will be developed during the detailed design to include all appropriate points.

The panel currently powers, controls and provide interfaces for space heating and ventilation and consideration will
be given to cost effectiveness of replacing the entire controls enclosure during the detail design stage.

A new user platform interface graphics will also be considered in detail stage to incorporate the ASHPs, new pumps
and ventilation plant to show locally their operating status and the conditions within the system.

Northavon House Heat Decarbonisation
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6. Electrical Services

6.1 Existing Electrical Services

6.1.1 Existing building main electrical intake and supply

The electrical supply is derived from a dedicated external package HV/LV substation located east of the building. A
400Amp rated TPN fused cut-out and metering equipment from the Utility is located within a cupboard on the north
wing of the building which directly feeds the main Low Voltage (LV) switch panel in the basement.

The cable distribution route to the main switch panel in the basement plant is assumed to be on cable tray within the
ceiling void and drops within a riser.

Figure 14 Electrical cut-out and metering equipment

6.1.2 Building electrical distribution

The existing main LV switch panel, located in the basement, is a floor standing front and rear access enclosure which
has top and bottom cabling entry/exit and a 600 Amp rated incoming device protection. The switchboard comprises
of HRC fuse switched outgoing protection devices. From visual observations, it is noted that subsequent additional
outgoing feeds have been retrofitted on the rear side of the panel.

6.1.3 Electrical metering

The electrical power is metered via a local meter and display within the main incomer at the LV switchboard. It has
been observed that the main electrical switchboard does not incorporate submetering for the various power
distribution to sub-distribution boards, panel boards and loads.

Distribution boards are generally unmetered. Where DBs incorporate integral metering, they are not of a split load
type and do not allow split metering of small power and lighting. The meters data is not recorded on an automatic
monitoring system.

6.1.4 Lighting systems

The building is undergoing a lighting system replacement and switching to modern LED luminaires with automatic
presence detection. This has been largely completed in the office areas with circulation and back of house areas still
to be upgraded.

University of the West of England
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Figure 15 LV main swich panel (left) and image of additional outoing feed (right)
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Figure 16 Layout of basement plantroom (LV switch panel in yellow)
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6.2 Proposed Electrical Services

The electrical distribution will require upgrades to accommodate the increased electrical requirement. The existing
LV panel can accommodate the estimated additional load and has 2no. 63Amp 3-phase spare outgoing ways
(currently in the ‘OFF’ position) however these are not of the required capacity to accommodate the new ASHP
power supplies.

A new MCCB panel board is proposed to be installed in the vicinity of the current utility LV intake equipment and
shall serve as new source of electrical distribution for new equipment. The existing supply cabling from the LV
intake and metering position supplying the main LV switch panel in the basement plantroom shall then be de-
commissioned and existing panel be re-supplied from the proposed new panel board.

Additional outgoing ways on the new panel board shall supply a new external feeder pillar dedicated for the new heat
pumps and external equipment. Spare ways shall be allowed for in the new panel board for potential future
connections of a PV installation and EV charging points. Additional studies are required if EV charging and PV is to
be considered for this building.

This is considered to be the most effective solution which minimises the impact and level of disruption to the
existing systems.

During the detailed design stage, the equipment selections must consider power supply requirements and specific
considerations in the mitigation of effects of potential distortions including harmonic distortion and neutral currents.

Sub-metering is to be installed to monitor and log electrical consumption of the key items of mechanical plant
including, but not limited to, ASHPs, AHUs, pumps, DX condensers, DHW generation. A comprehensive metering
strategy will be developed in the detailed design stage.

6.3 Electrical Infrastructure

6.3.1 Existing

The HV/LV substation located east of the building and is operated by the Distribution Network Operator (DNO) who
is National grid. The transformer at the substation has a maximum rated capacity of 315kVVA. The agreed capacity
for the current electrical supply to the building is 210 kVA from the DNO .

The recorded maximum electrical load demand for the building has been observed to be 118kVA at the local meter
display of the main LV switchboard and therefore the substation has a maximum spare load capacity of 197 kVA.

6.3.2 Proposed

A building maximum demand of 258 kVA has been estimated after the proposed electrification of the heating
system. This is an increase in electrical maximum load demand (peak) of approximately 140 kVA (202 Amps) which
exceeds the current agreed capacity with the DNO. The substation maximum spare load capacity would reduce to
57kVA.

National Grid has confirmed that the load allowance is available and agreed capacity can be increased to 258kVA to
cater for additional loads without any upgrades. There is fee payable to the DNO of £82 to attend site to complete a
short shutdown of power to ascertain the fuse size, replacing it if required, to cater for the 258kV A requirement.

The University need confirm the meter tail size on the existing arrangement is a minimum of 185mm? to be suitable
for a larger load. If it proves that the existing tails require upgrading then a formal quotation will be required for
National Grid to attend during the replacement to complete their element of the work.

and any future increase in the load required from the utility substation would require physical upgrades to the
incoming supply cabling and equipment to the building.

It shall be noted that the 258kVA is a peak simultaneous demand. The gas meter information indicates that peak load
demand associated with heating occurs in the earlier part of the day, while the existing electrical load daily demand
typically peaks in the earlier afternoon and it is unlikely that both peaks will occur simultaneously. Therefore it is
predicted that the maximum demand will be below the 258 kVA.

The load estimate calculation can be found in the Appendix .
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Table 10 Energy, carbon and cost summary

7. Acoustics

Year Electrical energy Fossil Fuel energy EUI Carbon Carbon Operation | Capital
consumption consumption emissions | emission | Costs Costs
. o . _ . . . . saving
An acoustic survey of the site is required to assess the existing background noise and to inform the required acoustic
:jreft_rlngnt-to thte heat pump enclosure and any additional new plant. This will need to be completed as part of the W mz | Mwh KWhimz | Mwh KWh/ m2 | Tonnes Tonnes c c
etail design stage. CO2e CO2e
As a result of the acoustic survey, the inclusion of attenuator baffles may be necessary for the ASHPs. A cost
allowance had been made for acoustic rated enclosure for the ASHPs. Eﬁﬁgi%% 50 221328 | 525 224753 | 104 86 ] 54 ]
- . Proposed

8. Structures and Civils Building | 61 261,141 | 0 0 61 54 33 50 2.6
2023
Proposed

811  Externals _ Building | 61 261,141 | 0 0 61 27 59 36

The existing bike shelter in the north car park shall be demolished to make way for a new plant enclosure. The 2030

enclosure shall include a new base and acoustic rated screen will be installed in the approximate area to house the

new ASHPs and associated plant. A drainage point is required for the ASHP condensate connection. Building area is 4,280

. 2023 gas and electricity costs based on BEIS retail prices for Commercial/public sector, central, Nov 2024. (5p/Wh; £0.19p/kWh elec

A new service duct route shall be trenched for the new ducts between the new plant enclosure and the new panel J Y P P G P )

board on the north wing. 2030 gas and electricity costs based on BEIS retail prices for Commercial/public sector, central, Nov 2024. (4p/kWh; 14p/kWh elec)
2023 carbon emission factors from GHG conversion factors 2023 (0.18kgCO2/kWh gas; 0.2kgCO2/kWh elec)

8.1.2 Plantrooms 2030 carbon emission factors from FES 2023. Falling short scenario (0.18kgCO2/kWh gas; 0.1kgCO2/kWh elec)

The new internal heating plant and the replacement AHUs shall be supported on the new plinths within the roof
plantrooms. The existing structural record drawings included with the O&M information confirm a plantroom live
load of 7.5kN/m2.

9. Energy consumption and carbon emissions

The resulting energy use, carbon emissions, and running costs for the proposed building upgrades versus the building
as existing are illustrated in Table 10.

The building Energy Use Itensity (EUI) of the existing building is 104 kwWh/m?2. Following the proposed fabric and
heating improvements the EUI is predicted to reduce to 61kWh/m?,

The heating decarbonisation works can reduce the buildings carbon emissions by approximately 32% using 2023
carbon factors for gas and electricity. The carbon emissions will reduce further as the electrical grid is decarbonised.

Fuel costs are approximately the same due to the high unit cost of electricity versus gas, but are predicted to reduce
as the unit cost of electricity reduces in the future.

University of the West of England Northavon House Heat Decarbonisation

REP/01 | P01 | 12 January 2024 | Ove Arup & Partners Limited Stage 3 Design Report Page 14




10.

10.1 Costing

Costs, Programme and Resources

The proposed measures have been costed using industry pricing books and is at an appropriate level of detail and
accuracy for RIBA Stage 3. A summary of costs has been outlined in Table 11.

The assumptions and exclusions for this project can be found in the Appendix

Table 11 Cost summary for proposed interventions

Item Budget Comments

Cost

£m
Fabric Upgrades 0.21
Heating upgrades 0.38 Manufacturer lead times to be considered. At time of report issue lead times
were typcially 10-14 weeks.

AHU replacement 0.21 Manufacturer lead times to be considered
Office ventilation upgrade 0.080 Allowance for DX heating and cooling to office supply fan.
Radiator replacement 0.09 Allowance for ground and level 2 radiator replacement.
FCU replacement 0.07 Allowance for 10no FCU to be replaced.
AHU ventilation demand control 0.13 Central office AHU only
Contractor Prelims 0.52 Includes allowance for building scaffolding
Contractor OH&P 0.1 Contractor OH&Ps @ 10% to construction costs
Contingency 0.19 10% contingency of total construction cost
TOTAL 2.0
Design Team fees 0.2 @10%
TOTAL exc VAT 2.2
TOTAL inc VAT 2.65

University of the West of England
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10.2

Delivery programme

The indicative programme in Figure 19 is based on a traditional single stage tender contractor procurement route.
The University’s intention is to apply for funding via the Salix Public Services Decarbonisation Scheme (PSDS) and
the programme below has been developed to suit a 2-year funding period.

Yro0

Yrl

Yr2

Yr3

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Salix PSDS funding

Appoint design team /
Stage 4 design / planning

Tender period

Contractor appointment/
site set up

Order long lead in items

Fabric upgrades

MEP upgrades

Commissioning

Decarbonisation review /
monitoring / updates

Figure 19 Indicative delivery programme
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10.3 Resources

This section aims to provide context on the existing resources available and outline the future resources required to

develop and deliver the heating decarbonisation.

10.3.1 Project Team

The project team will be responsible for preparation of the design and review of construction information and final

commissioning information prior to building completion.

Table 12 Project team summary

Role Design Stage Responsibilities

Client / Project Manager All Interface between the Design Team and the Contractor. Assist in the
appointment of the design team

Contract administrator Stage 4 onwards Plan and coordinate project team and monitor progress.

Architect Stage 4 onwards Design and review all matters related to the fabric upgrades including
any changes to aesthetics of the building and planning preparation

MEP Engineers Stage 3 onwards Prepare matters relating to the mechanical and electrical engineering
and energy analysis for the building.
Assist client in preparation of the Salix funding application.

Facades Engineer Stage 3 onwards Review information related to upgrade of the existing fabric

Structural Engineer Stage 4 onwards Provide support and design related to new fabric upgrades and plant
modifications.

Civil Engineer Stage 4 onwards Provide support and design related to external works

Acoustician Stage 4 onwards Prepare acoustic report and inform acoustic treatment required for
proposals

QS Stage 4 onwards Prepare and review costs

CDM Stage 3 onwards
The contractor will be appointed at an appropriate time to carry out the

Contractor Stage 4/5 onwards construction works.
The Contractor will report through and the contract administrator at
regular project team meetings.

104 Funding Opportunities

The Salix Public Sector Decarbonisation Scheme (PSDS) provides grants for public sector bodies to fund heat

decarbonisation and energy efficiency measures.

Funding for the building heating decarbonisation should be available from

The last round of funding (PSDS Phase3c) closed in November 2023 and it is anticipated that there will be a new

window opening for funding applications in 2024.

Salix funding in the previous application rounds has been based on the amount of fossil fuels energy displaced by a
non-fossil fuel system. Based in the 2023 DEC information for fossil fuels energy consumption (224MWh), a
potential Salix grant of £265,000 is available. This figure will need to be validated when the next PSDS application

form is released.
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11. Discussion

Fabric

The fabric first approach of improving the thermal performance of curtain walling, windows and roof can reduce
annual energy consumption by approximately 17%. Installing external cladding to improve the wall U-value to from
0.5W/m?.K to 0.26 will further enhance this saving however is not considered to be cost effective.

The facades survey highlights potential issues which should be investigated further such as possible flammable wall
insulation and also the corrosion of the lintels above windows.

Minor repairs to other elements of the existing fabric are recommended prior to the facade upgrade works as
discussed in the fagade report.

Mechanical

ASHPs are proposed to replace the gas fired boilers and are considered to be the most cost-effective low carbon
heating solution. GSHPs are slightly more efficient than ASHPs but the capital cost is much higher. A GSHP system
uses less external plant space in the car park (once the boreholes have been completed) and, if GSHPs are preferred,
an additional study can be undertaken.

The proposed lower flow temperature reduces the heating output of the existing radiators and FCUs and will require
some heat emitters to be replaced due and shall be investigated in the detail design stage. The existing 4-pipe FCUs
are proposed to be replaced due to their age and reduced output (although exact details for the FCUs are unknown).

New supply and extract AHUs with heat recovery can reduce peak heat demand significantly. Central plant heat
demand can potentially be reduced further using AHUs with integral heat pumps and a cost-benefit analysis should
be undertaken in the next design stage.

Plant replacement in the roof plantroom must be considered in more detail. Access is assumed to be available via the
soft spot in the ventilation plant room floor. The University will need to confirm this access route is available. The
alternative is to lift the plant through a temporary opening in the roof.

The proposed BMS modifications are significant and consideration will be given to cost effectiveness of replacing
the entire controls enclosure during the detail design stage.

Electrical

The electrical substation’s existing spare load capacity (197kVA) and is sufficient for the electrification of the
heating system and no upgrades are anticipated. The National Grid have advised that a nominal fee is required to
replace/upgrade the fuse in the substation. However, this assumes that the cable size if sufficient for the load and this
should be confirmed by the University. If the cable size if smaller than the required size advised by National Grid
then the cable will need to be upgraded at an additional cost.

Energy and Carbon

Carrying out the heating decarbonisation works can potentially reduce the buildings carbon emissions by
approximately 32% using 2023 carbon factors for gas and electricity. The carbon emissions will reduce further as the
electrical grid is decarbonised.

The fuel costs are approximately the same due to the high unit cost of electricity versus gas, but are predicted to
reduce as the unit cost of electricity reduces in the future.

Funding Opportunities and Costs

The estimated budget cost for the heat decarbonisation project is £2.6million and is based on industry pricing books
and Arup experience.

The Salix PSDS scheme is expected to announce funding for public sector decarbonisation in 2024 and this report
should be the basis of an application. Further input will be required from Arup and the University to complete the
application.

University of the West of England
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The programme of the works can be spread over 2 years to suit the Salix PSDS 2 year programme. In our experience,
the 1 year Salix PSDS funding stream typically leads to the new heat source switchover in the heating season which
can potentially cause disruption to the building users and lead to a shorter commissioning period.

As part of the PSDS application, we recommend that a Contractor is contacted to price the works. This is valuable
for obtaining real costs and programme input.

12.  Next steps

This RIBA Stage 3 report that should be reviewed in conjunction with the information within the appendices.

This report is suitable as the basis for an application for Salix funding through their Public Sector Decarbonisation
Scheme (PSDS) when the next application window opens. Arup can work together closely with the University to
prepare and submit the application. We recommend seeking input from a Contractor on the costs and programme
prior to the Salix application window opening to provide a higher level of cost and programme certainty.

Further development of the design to RIBA Stage 4 is necessary ahead of a contractor developing their installation
design for construction.

Prior to the work commencing, we recommend the University conducts the following surveys, investigations, and
studies are completed.

e Full MEP survey of the building to ascertain equipment details and services distribution. Survey to include
layout drawings with sizes, schematics, condition assessment of plant.

o Detailed above and below ground survey of external landscape to determine any buried services.

e Trial lower space heating flow temperatures, e.g. reducing the flow temp to 55°C flow and 45°C return prior
to the ASHP installation to reduce energy costs and test building performance for installation of ASHP.
Study to take place before and after fabric upgrades.

e Monitoring existing CO2 levels and space temperatures in key occupied spaces, e.g. open plan offices,
meeting rooms.

e Establish if EV charging points in the car park are anticipated in the future.

e Confirm tail size of existing utility incoming power cable. A minimum size of 185mmz2 is required for the
proposed load.

e Anintrusive survey of external wall buildup. This will inform wall’s actual build-up and performance and
confirm the type of insulation material and its flammability.

e Further investigation is required to confirm the extent of corrosion in lintels at window and curtain wall
openings on both the ground and first floor.

o Gas and electricity unit costs paid by UWE to provide more accurate payback analysis.

o Detailed radiator survey and output check across the whole building.
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DEC 2020

ratonal rating

Certificate number

‘alid wntil:

Total usefu

Energy perormance cperational rating

The building's &n perfarmance aperational rating is based
on its carb‘;%\ dinxi ar:-:l::z} misslmpﬁnr the last ygar.

Il is given a score and an operalional rating on a scale fraom A
[lowest emissions) ko G (highest emissions).

The typical score for 8 public building is 100. This typical score
gives an operational rating of D.

Score Operational rating This building | Typical

TE=100 D
e e [ T

126150

Previous operational ratings

Date Operational rating

October 2018 - sc
— Cme

Total carbon dicedde (CO2) emissions

This tells how much carban dicxide the building
emils. It s tonmes per year of CO2,

Date Electricity Healing Renewables
Cclobar 2019 143 40 1]
Ociober 2018 153 44 i]

Agsessment detalls

As5essor's name lan Sheallard

EmployenTrading name  ESOS Energy

EmployerTrading 2nd Floor, Tower House,

address Fairfax Street, BS1 3BM
higps:\find-pnergy-cerificate, serdce, gov.uklerengy-certificate 24 56- 102 7-0800- 1805-8391 fprint=trus 112
15112023, 09:35 Display energy certificala [DEC) — Fird an anergy cerlificate — GOW.UK

This bullding's energy use

Energy use Electricity QOther fugts
Annual enargy use
(kWhim2iyear) 61 ®
Typlcal energy use
(RAhIm2lyear bl s
Energy from renewables. 0% 0%
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Contracior to the ocoupier for

Assessor's declarabon EPBD services only.

Accreditation schame Stroma Certification Ltd
Issue date 16 Jume 2020
Mominated date 31 October 2018

DEC 2021

erational rating

Enargy performance operational rating

Tha building’s ana Eerfﬂrrnamn oparational rating is basad
on its carbon dioxig?[ 02) emissions for the last year.

It is given a score and an operational rating on a scale from A
(lowest emissions) to G (highest emissions).

The typical score for a public buiiding is 100, This typlcal score
gives an operational rating of D,

Secore | Operational rating | This building  Typical

51-T5

®c
76-100 D

R AR ') 1y S

101125 E

126-150

hitps (finc-anargy-cedificale service gov.ukienengy-cerificate2417-1116-2387-2102-8721 Tprint=true

Certificate number:

Valid until

Tl Tl Ml

Previous operational ratings
Date Orperational rating

— «a
October 2019 ssc
October 2018 - mc

Total carbon dioxide (CO2) emissions

This ledls you how much carbon dioxide the building
emits, It shows tonnes per year of COZ.

Diabe Eleciricity  Heating Renewables
October 2020 129 43 ]
October 2019 143 40 0
October 2018 153 44 0
Assassmant details
Assessor's name lan Shedlard

181152023, 09:34 Display enangy cartificate (DEC) - Find an enargy cerificate — GOV UK
This building's energy use EmployerTrading name  ESOS Energy
Energy use Electricity Oiiver fuels
2nd Floor Tower Housa,
Annual energy use E;ﬂd:::;:frmﬁﬂﬂg EEH‘“ Slreet, Bristel, B1
{KWhim2/year) 54.91 52.10
. " Contractor to the occupier for

Typical enargy use Assessor's declaration EFBD services only,
(RARIm2lyEay 95 111,60

Accreditation scheme Stroma Cerification Lid
Energy from renewables 0% 0% :
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DEC 2022

Operational rating

Total useful

Energy performance operational rating

The building's erralagyr perfarmance operational rating is based
on it carbon deoxide (CO2) emissions for the last year.

It iz given a score and an operational rating on & scake from A
(lwest emissions) to G (highest emissions

The typical score for a public building is 100. This typical score
gives an operaticnal rating af D.

Score  Operational rating  This building  Typical

Pravious operational ratings

Date Cperational rating

Oictober 2021 -
Oclober 2020 . %C
October 2019 smc

Tatal carban dioxide (COZ) emissions

This tells you how much carbon dioxide the building
emits. it shows tonnes per year of CO2.

76-100 D Date Electricity Heating FRenewables
furnssunsahansnasnnsnsnnannsnasnsapuusssnsnsnnanapes JO0 October 2021 118 4 o
101138 E Octaber 2020 129 43 0
Octaber 2019 143 40 ]
126-150
Assessment details
Assassor's nama Adrian Mawton
Fittps:ifind-andrgy-certificals, serice. gov.ukianang y-certificale'd 92 3-9792-6018-3203-0883 T print=lrug 12
151172023, 09:33 DiEplay enengy cedificate {DEC) - Find an anangy canificabe - GO LK

This building's energy use

Energy use Electricity Other fugls

Annual energy use 50.26 8678

{KWhim2year) : :
ical energy use

M}'} 95 122,68

Energy from renewables 0% 0%
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EmployerTrading name  ESOS Energy Lid

2nd Floor Tower House,

EmployerTrading : :
address gsﬂax Street. Bristol, BS1
Assessor's declaration E‘gggghrm mm‘:l";mpi“ for

Accreditation scheme CIBSE Certification Limited

Igsue date 25 April 2022

Mominated date 31 October 2021

DEC 2023

England
arbour Lane

Energy periormance operational rating
The building’s ene Eerfc-rrnanc:e operational rating is based
on its carbon diaxi?ﬂy[ 02) emissions for the last year

It is given a score and an operational rating on a scale from A
(lowest emisgions) to G (highest emissions).

The typical score for a public building is 100, This typical score
gives an operational rating of D,

Scoere | Operational rating | This building  Typical

‘mc
76-100 D

bassessasshrassusrarsassnnasassashassasassnssasches J00) =

101125 E

126-150

re medres

Previous operational ratings

Duate

October 2022

Octaber 2021

October 2020

Operatianal rating

Total carbon dioxide (CO2) emissions

This tells you how much carbon dioxide the building
emits. It shows tonnes per year of CO2.

Date Electricity Heating Renewables
October 2022 122 ad (1]
October 2021 118 74 0
Octaber 2020 129 43 0

Assessment details

AsSA550r'S NaMme Adrian Mewlan
hittps:(find-anangy-certificale service gov uklenangy-cenificaled2842-1401-T926-8205-922 1 7 print=true 112
15115803, 09:33 Display anargy certificase (DEC) - Find an enengy cerificabe — GOV UK

This building's enargy wse EmployerTrading name  Esos Energy
Energy use Electricity Oiiver fuels

EmployarTrading Sth Floor, Castlamead tower,

| addrass Lowar, Brislol, BS1 3BN

(KhimaTyaay > 51.70 52.50

Assessor's declaration Eggfg:'{;:“ﬂ';wm pler for
o Bhargy use 85 11273

Accraditation schame CIBSE Certification Limited
Energy from renewables % %

Issue date 21 September 2022

Mominated date 30 October 2022

Northavon House Heat Decarbonisation

Stage 3 Design Report

Page 3



Appendix B

Meter Data Report

University of the West of England Northavon House Heat Decarbonisation
REP/01 | P01 | 12 January 2024 | Ove Arup & Partners Limited Stage 3 Design Report Page 1



Subject University of the West of England Northavon HouseARl | P
Meter Review

Job No/Ref 297699-00

Date 24 October 2023

1. Introduction

The purpose of this document is to report on Arup’s findings from the metering information
provided by the University of the West of England for Northavon House. The data will be used to
assess building heat loads and inform provisional plant selections.

2. Metering information

A summary table of the half hourly meters is in Table 1.

The meters are on the incoming supply and serve Northavon House solely, as a result no
manipulation or assumptions of utility usage was required.

Table 1 DH1 heat meter summary

Meter University Meter Ref Meter Location Service Meter Notes
Ref Resolution
kwh
Elec Northavon Gas {EA data} (kWh) Northaven Electricity | 10 Electrical usage of
Plantroom whole building. Not
limited to space
heating.
Gas Northavon Main Elec {Stark} (kwh) Northaven Gas 100 Gas usage for
Plantroom existing gas boiler.

Page 1 of 4



Subject University of the West of England Northavon HouseARl | P
Meter Review

Job No/Ref 297699-00

Date 24 October 2023

3. Metering Analysis

We have reviewed the metering data to assess the building’s gas and electricity profile and to
estimate the peak gas usage and electrical load. The outputs from the meter analysis will be used
inform the building thermal model loads and profiles.

A summary table for the meters is below. Metering data graphs for each of the meters are included

in Appen

dix A.

Table 2 DH1 heat meter analysis

Meter Location Equipment | Peak Load/ | Notes Heat Meter
Ref Installed meter Output Data
Load KW Quality
kW
Elec Northaven - 84kW peak |o  The readings were consistent and showed a Good
Plantroom (48KW avg repeated occupancy profile throughout the year.
daily) ' This a!igns with the building type and hours of
operation.
e  Electrical meter data is on the incoming supply
and includes both regulated and unregulated
energy use.
Gas Northaven - 320kW warm e  Consistent spike in the gas load is observed in Good
Plantroom up peak load early morning throughout the year (typically
200kW arc_)und 5 a.m.),_ suggesting a p(e-heat peric_)d to
daytime bring the bl_JlIdlng up to set-point after losing
operation heat over night. _
heat load.  |* Pre-heat stops at around 6:30 a.m., leading to a
relatively consistent load throughout the day.
e  The building heating profile drops off at 5pm
on most evenings suggesting heating is turned
off at this time.
e A longer pre-heat period can reduce the spike
and reduce the peak load.
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Subject University of Bath DH1 Heat Meter Review AR' | P
294786-00

Job No/Ref
Date 19 June 2023
4. Summary

The metering data quality appears to be good and provides a useful insight into the building
operational loads and profiles that can be used to inform the next phase of work.

Some key observations are below:

e The meter data period is between 1%t October 2021 through to 30" September 2023 for both
meters.

e Electrically, it is evident that usage is much greater during the week (Monday to Friday)
than the weekends. Consistently, electrical usage starts rising at round 7am for an hour.
After that, the usage level stays steady between 8am to 4pm before slowly dropping as
occupancy reduces into the evening. This is consistent with the assumed building type and
its expected profiles.

e The electrical metering data is for the incoming electric to the building as a whole and is not
broken down by end use, e.g. small power, lighting, ventilation, hot water, cooling.

e As expected, gas usage was low in the summer months (June to August) since there is
minimal heating demand and the domestic hot water is all electric.

e A short pre-heat period was observed most mornings, with a spike in gas usage during a 1-2
hour preheat time from around 5am. The heating returns to a steady heating input rate from
approx. 7am until 5pm when the heating usage drops. This aligns with feedback from the
university.

5. Recommendations

We have the following recommendations from the Northavon House metering review.

e Existing metering data appears to be good. The meters should be well maintained and
replaced periodically to ensure the maintain their accuracy.

e Additional meters are required to provide a breakdown of energy use by end use as
recommended in CIBSE TM39., e.g., small power, lighting, heating, cooling, domestic hot
water, Server, Lifts, etc. This allows a more in depth energy analysis and can be used to find
faults in the operation and performance of the building systems.

6. Next Steps
The estimated peak load information in Table 2 will be used to inform base case thermal modelling
and this will feed into the Northavon House Decarbonisation Study

Page 3 of 4



University of the West of England Northavon House

ARUP
Meter Review

Job No/Ref 297699-00

Date 24 October 2023

Appendix A

Heat Meter Analysis

Page 4 of 4



University of the West of England Decarbonisati
Northavon House Electrical Meter

ARUP

50

45

40

35

30

25

2

kWh in half hour
(=]

1

w

1

o

X Y Ny Y Y Y
& & & & &
Q> i Qv av ¥
D ) o Q 0
O @,\Q Q\,\\’ Q,N\N’ @,\'\’

Northavon House Electricity Meter

"Total Consumption (kWh in the half hour)"

42kWh in 30min = 84kW
peak electrical load

24kWh in 30min = 48kW
typical daily peak

M
Q
o

Y S F
X $ $
o 2 2
% % %
© o >
M o
o © ©
N4 N4 )¢




University of the West of England Decarbonisati

Northavon House Electrical Meter

ARUP

December 2022 Electricity

kwh inhalf hour

Ln

ra
=]
fed
=]
ra
=]

[

01/12/20 06/12/20 11/12/2

16/12/2022

—"Total Consumption (KWh in the half hour)”

Peak Week in December 2022 Electricity

[
(¥ )

kwih inhalf hour

L

12/12/2022 00:00 13/12/2022 00:00 14/12/2022 00:00 15/12/2022 00:00 16/12/2022 00:00

—"Tatal Consum ption (KWh in the half hour)"

24kWh in 30min = 48kW
average daily peak

1701272022 00200 18/12/2022 00200




University of the West of England Decarbonisati AR' ' P

Northavon House Gas Meter

160kWh in 30min = 320kW peak morning warm up Northavon House Gas Meter 100kWh in 30min = 200kW peak heating output
180
e e e T e e R e e e
140
_ 120
3
o
= - - - I - o o o o e o e e o ] U HE B bl | e - e e o - o - o e e o e e e o mm e o o mm e o e mm mm mp| wt ow He |l OB A - - - - - - - B o o o o m m m mm mm m mm mm mm mm mm mm o e mm e e o o
= 100
(]
=
S 80
=
S
60
40
) “ ‘ ‘
0 | | | 1
N ) o ) ) N N o ) N ) ) ) N o o N ) N ) o N o )
o $ & $ & § & & & S S § S §° & & & S & & §° & & S
e e e Qv v ¥ qv av Qv Q¥ v a o ¥ v 3 3 3 5 W 3 e a° 3
N S N N S S N N S N S N S S N S S S N S N N N N
Q¥ \v \V Vv v \V oV v Qv /\\q’ q,\'" v QY v Vv v \V \v o\ v v AV q,\q’ v
SN G N A N N N N N N N N N N A N S N AN N N GO 6
N 4 N} [\ 3 N Q¥ ¢ [\ 1\ 4 N4 [\ N N Q> [\ 1\ ¢ X N ¢ N 4
Total Consumption (kwWh in the half hour)




University of the West of England Decarbonisati AR' ' P
Northavon House Gas Meter

December 2022 Gas

180

160

140
120
2
= e—_— S e N e e e L
T
= |
gt

06/12/2022 11/12/2022 16/12/2022 21,/12/2022 26/12/2022 311272022
Total Consumption (kWh in the half hour)
160kWh in 30min = 320kW peak morning warm up Peak Week in December 2022 Gas 100kWh in 30min = 200kW peak heating output

180

160

140 1
120
=
ol 3 IS I N O I R
@
=
3

20

oy LA A

12/12/2022 00:00 13/12/2022 00:00 14/12/2022 00:00 15/12/2022 00:00 16/12/2022 00:00 17/12/2022 0000 18/12/2022 00:00

= Total Consum ption (kKWh in the half hour)




Appendix C

Thermal Modelling Design Note
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Fabric Performance Audit
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Fabric Interventions Assessment
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Boiler B1

Boiler B2

Boiler B3

Clyde Combustion L
Ambassador120 CG Boil

C€ 0063

Type: Ambassador 120 DuoZ
Serial Nr. 012-1 13-062-43-06

P\N-nr.: 0063BP3254
GB, Cat.\\2H3P, Type B23.C13x.C33x,C43X, Cs53,C63%x,C83X%
Set for: 124 G20 (Nat.Gas) 20 mbar

Nom. \nput EE 24,4-213,5 | kW (Hs)
Nom. \nput |ECH 22,0-111,2 | kw (Hi)
|
|

kW (80/60) C
m. Output CH 109.1
K‘:loom Ou\‘:)ul CcH 23.5-120.1 kW (50/30) C

NOx-class: 5

NOx nr.: BPOO1
% Wax boiler Flow Tempt’a:alsu;e Q90° C
: el Press. C ar;
';A‘;’!V\l’\vglﬁo‘:?z Aa16W ; B23, Cxx(x) P40

Mamrufscturer Eco Heating Systoems B V NL
Partosre irvwtatiing e boller, road carefully the

rrmraast. The Doiler as to be irymtonttenct
Arvet et ae ey
Aen e ewentl wenrviitamtened FERCTY

Clyde Combustion L
Ambassador 120 CG Boile

rell=a

Installed 1991

Installed 2020

Clyde Combustion Strebel Ltd Clyde Combustion
Ambassador 120 CG Boiler S-SC 120 Ambassador 120 CG Boiler
Output 109.1kW Output 105.5kW Output 109.1 kW

Installed 1991
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Appendix F

Equipment Selection
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Appendix G

Drawings
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Appendix H

Electrical Calculations
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Appendix |

Costing Assumption and Exclusions
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Appendix J

Designer Risk Register
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