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1.0 Executive summary

This feasibility study has been developed to set out the proposed high-level servicing and energy strategy in relation to the
Royal Marine’s Museum development at the National Museum of the Royal Navy, Boathouse 6, which will include:

1. Royal Marines Museum with physical interactive exhibits at ground floor level.

2. Temporary exhibition space, enhanced conference facilities and ‘Lazer Quest’ at first floor level.

3. Improvements to the building and building services to improve environmental performance, including renewal of
existing heating, ventilation and air conditioning systems with more environmentally sustainable alternatives.

A high-level energy strategy has been set out in response to the aspiration to improve the environmental performance of the
building. The recommendations that have been put forward have been underpinned by some preliminary high-level calculations
that demonstrate significant energy consumption and CO, emissions savings can be achieved through the installation of energy
efficiency services, and particularly through replacing the existing gas-fired boilers with heat pumps.

The high-level servicing proposals take account of the proposed development plans, the aspirations to improve environmental
performance, and the age/ condition of the existing installations, with the majority of existing services installations proposed to
be replaced.

It should be noted that both the energy strategy and high levels services strategies that have been put forward are based on a
number of assumptions which are listed throughout this report. It is recommended that the client team review these
assumptions to ensure they are aligned with expectations.

One of key areas that would benefit from clarification is with regard to the client aspirations with respect to energy/ carbon
savings, and if for example there are any specific targets with regard to achieving net zero emissions, or any strategy/ route
map for transitioning to zero carbon for the wider site which should be considered as part of the design proposals for Boat
House 6. The current proposals allow for a reasonably pragmatic approach with a focus on cost effective savings, but there is
potential to target further improvements and reductions if there is an appetite to do so on the client side (and available funds).

In addition to confirming assumptions with regard to levels of targeted performance, there are a number of technical issues,
particularly with respect to the proposed heat pump installation, that require further investigation. Whilst it is envisaged that the
associated detail will be developed at the Concept Design stage of development, this study includes sufficient information to
enable appropriate cost allowances to be developed.

Finally, whilst it is understood that this feasibility study will inform the ongoing process with respect to applying for funding
under the National Heritage Lottery Fund, it should be noted that whether successful with this application or not, there may be
further opportunities to fund the proposed energy efficiency measures set out in the study, and potentially for the wider site,
including through future phases of the Salix Public Sector Decarbonisation Scheme.
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2.0 Introduction

2.1 General

This feasibility study has been developed to set out the proposed high-level servicing strategies in relation to the Royal
Marine’s Museum development at the National Museum of the Royal Navy, Boathouse 6.

2.2 Project background

Steensen Varming were previously engaged alongside Dannatt Johnson Architects to work on design proposals for Boat House
6 and the Royal Marine Museum as part of the ‘Seamore Project’ in 2017. The Seamore Project unfortunately failed to achieve
funding under the National Heritage Lottery Fund for the delivery stage of the project, and as such, the design proposals did
not proceed beyond RIBA Stage 3 at the time.

It is understood that NMRN are now again seeking to progress a project that will see the creation of new Royal Marine’s
Museum within Boat House 6. There will be some changes to the 2017 design proposals, with the full scope of works to
include:

4. Royal Marines Museum with physical interactive exhibits at ground floor level.

5. Temporary exhibition space, enhanced conference facilities and ‘Lazer Quest’ at first floor level.

6. Improvements to the building and building services to improve environmental performance, including renewal of
existing heating, ventilation and air conditioning systems with more environmentally sustainable alternatives.

2.3 Scope of work

With the new project in its early stages, the current focus is understood to be on confirming the basic scope of the scheme with
respect to the extent of works required and associated costs.

With respect to services specifically, it is noted that the previous design proposals were based on retaining as much of the
existing building services plant and equipment as possible with a view to minimising project costs. To this end, the proposals
included refurbishment/ upgrade of various plant items and equipment rather than wholesale replacement. Now that 6 years
have passed since the previous project, and there are new aspirations with regard to improving environmental performance the
building, there is likely to be less scope for retaining significant elements of the existing services installations, with the strategy
moving toward replacement rather than refurbishment. This in turn could had a significant impact on project costs which will
need to be reflected in any new cost plan.

In support of the main feasibility study Steensen Varming have been asked to review the new design proposals and to review
the associated servicing strategy. The servicing strategy review presented in this report addresses the following specific items:

Review of existing services installations.

Review of previous servicing strategies proposed as part of the Seamore project.

Review of latest architectural design proposals.

Development of outline, high level energy strategy for the proposed development.

Development of high-level servicing strateqgy for the proposed development and confirmation of outline scope of
works in relation to the services installations.

N
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2.4 Design objectives

The design objectives for the project that are specifically related to the services design include:

1. Providing robust, resilient and reliable services installations capable of meeting the demands of the building and new
Royal Marine’s Museum.
2. Improving the environmental performance of the building with a focus on reducing operational carbon emissions.

2.5 Basis of review

This feasibility report has been developed based on a desktop study of available information including:

Boathouse 6 Condition Assessment (174002-Can06), Steensen Varming, 2017

NMRN Seamore Royal Marine’s Museum Stage 2 Concept Report, Steensen Varming, 2017

NMRN Seamore Royal Marine’s Museum Stage 3 Developed Design Report, Steensen Varming, 2018

Carbon Footprint Assessment, Steensen Varming, 2018

Boat House 6 Re-Invigoration Concept Study, Dannatt Johnson Architects, 2023

Quotation for PV installation, Isoenergy, 2023

Various utility bill information supplied by NMRN

O&M Manuals, various record drawings and building information in relation to the building refurbishment works
completed in 2001, supplied by NMRN.

PN RN
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3.0 Existing services installations

The descriptions below are based on site surveys completed in 2017. We understand there have been no significant works or
alterations to the building services systems since then, and as such, these descriptions remain valid.

3.1.1 Existing mechanical Services

HVAC Systems
The existing heating, ventilation and air conditioning system was commissioned in 2001.

The building heat demand is satisfied by three gas-fired boilers located in the upper-level plant room.

Figure 1 - Existing gas boiler plant
The heating plant serving the ground and first floors comprises:

- 2no. Viessman boilers

- Primary heating pumps

- Secondary pump serving the radiator circuit

- Secondary pump serving Exhibition AHU 02 and 03
- Secondary pump serving Auditorium AHU 01

- Pressurisation and expansion equipment

The heating plant serving the offices comprises:
- 1no. Viessman boiler
- Heating circulation pump serving radiator circuit

- Pressurisation and expansion equipment

The incoming gas main enters the building adjacent to the sprinkler tank room and extends to the upper-level plant room.
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The exhibition spaces on the ground and first floor are cooled and ventilated via air-handling units (AHU 2 and 3) located in the
second-floor plant room. Supply air is distributed by way of perimeter ductwork connecting to floor mounted displacement
diffusers. Return air is via two large bell mouth openings outside the plantroom.

Air handling units 2 and 3 are identical and comprise:

- Supply fan

- Extract fan

- Heat recovery wheel

- Electric pre-heater

- Evaporative humidifier/ cooler connected to DX chiller

The auditorium is cooled, heated and ventilated by an air handling unit located in the upper-level plantroom. The auditorium
AHU (1) comprises:

- Supply fan
- Extract fan
- Heat reclaim pump and run-around coil
Toilets at ground and second floors are ventilated by independent mechanical extract systems.
The mechanical systems are controlled by a Trend IQ building management system (BMS).
Mains water
3 no. mains cold water services enter the building in the below ground sprinkler tank room. The cold-water supply extends to

the cold-water booster pumps and 2 no. sprinkler tanks.

Cold-water storage and distribution
The booster set and storage tanks located in the below ground floor plant rooms serve all outlets in the building.

Domestic hot water services
Domestic hot water demands are met by local electric water heaters, generally located in service cupboards.

Above ground drainage
The building is served by a gravity drainage system which discharges to an external packaged sump pump unit at the south-

west corner of the building which in turn connects to the local foul drainage system.

Perimeter roof level rainwater pipework is routed to external hoppers and downpipes that discharge into an open channel
surface drain within the lightwell.

Fire protection systems
The incoming fire main supply connects to a GPR sprinkler tank and pumps within the below ground plant area.

A sprinkler distribution main is routed through the building serving sprinkler heads within zoned areas. The system incorporates
both electric and diesel driven pump sets.

A dry riser is located within the circulate staircase with landing valves serving each floor level.
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3.1.2  Mechanical services life expectancy

Table 1 sets out the life expectancy of the mechanical services, based on the age of the existing installations and CIBSE Guide
M recommendations. To confirm, the life expectancies noted are not based on detailed surveys, and the in some instances, the
life expectancy may be greater or less than stated.

STEENSEN VARMING

Fire alarms

The fire alarm installation comprises a fire alarm control panel and battery located in the ground floor staff area. The main panel
is interfaced and connected to repeater panels; PAVA panel; lifts; BMS; sprinkler system; lighting control units; and detectors,
beacons and sounders throughout the building.

Voice alarm
The voice alarm comprises a control panel and battery located in the ground floor staff area. The voice panel is interfaced and
connected to the main fire alarm panel; paging system; BMS; and voice alarm speakers throughout the building.

Security systems
A basic security system is installed, comprising door contacts and CCTV cameras. The security alarm keypad is located within
the front desk area.

Lightning protection systems

A lighting protection system is installed. The air termination system comprises a meshed conductor network attached to the
roof. The down conductor system comprises rounded tape attached to the building. The earth termination system comprises of
a test point and earth bar mounted in the ground.

3.1.4  Electrical services life expectancy

Indicative life expectancy | Remaining preventative life
. (CIBSE Guide M for expectancy of plant
2GR preventative maintenance)
Years Years
Shell and tube boilers and gas 20 0
burners
Gas burners 15 0
Steel flues 20 0
Water treatment 15 0
Pumps (In-line) 20 0
Air cooled condensers 20 0
Ductwork - galvanised 30 7
Fans - axial 20 0
Packaged air handling units 20 0
Radiators - cast iron 25 3
Pipework systems - copper 40 18
Internal waste, foul and 40 18
rainwater
Wet sprinkler systems and dry 25 3
risers

Table 1 - Mechanical services life expectancy

Based on the CIBSE figures, the majority of the mechanical installations are expected to have exceeded their recommended life
expectancy. Some of the primary distribution systems (ductwork, pipework systems, and drainage) are estimated to have up to
18 years of life expectancy remaining.

3.1.3  Existing electrical services

Low voltage mains distribution

Boathouse 6 is served by a local substation in College Road. The incoming low voltage electrical supply enters the building via
the external lightwell into the LV Switchroom which is located on the ground floor. The incoming electrical supply comprises a
metered low-voltage three phase and neutral (TPN) supply terminating in a local switch fuse isolator with a 1200A rated
incomer, power factor correction unit and surge suppression.

The main switchboard panel is located at ground floor level. This switchboard feeds 2 no. MCCB panel boards and a number of
TPN and SPN distribution boards located on each floor. The local distribution boards serve (un-metered) lighting and power
final circuits throughout the building. Final wiring is generally in single core cabling and configured in ring and radial circuits.
Lighting

Lighting throughout the building is a mixture of recessed, surface and suspended/ track luminaires. The fittings are generally

compact high frequency fluorescents. Fittings are generally controlled by PIR presence detectors or switched locally.

Emergency lighting is provided by a maintained 16kVA central battery inverter system located on the ground floor.
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Indicative life expectancy | Remaining preventative life
. (CIBSE Guide M for expectancy of plant
R preventative maintenance)
Years Years

Principal LV switchgear 30 6
Sub main cabling 30 6
Sub distribution boards 20 0
Final circuit wiring 20 0
Accessories (power points, 20 0]
light switches etc)

Lighting (internal) 20 0
Emergency lighting 20 0
External lighting 15 0
Lighting controls 15 0
Fire alarms 15 0
Voice alarms 15 0
Intruder alarm 15 0
Access control 15 0
CCTV systems 15 0
Telecoms 15 0
Lightning protection 25 1

Table 2 - Electrical services life expectancy

Table 2 summarises the CIBSE guidance in relation to typical life expectancies, and the corresponding remaining life expectancy
based on the age of the current installations.

All systems with the exception of the principal LV switchgear and sub main cabling are expected to be at or beyond their
estimated life expectancy by the time any works associated with this project may begin.
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4.0 Previous scope of works

The outline scope of works associated with the services installations previously proposed for the Seamore project in 2017 is

summarised below.

4.1 Mechanical services

System / Component

Replace

Refurbish Retain

Comments

Chilled water system (Auditorium
cooling)

DX-01 chiller

DX coil

Heating system

B-01 (Exhibition & Auditorium)

Like-for-like replacement

B-02 (Exhbition & Auditorium)

Like-for-like replacement

B-03 (Offices) and associated equipment

<lLla

Excluded from scope

Circulation pumps (Exhibition and Aud.)

Dosing, expansion and pressurisation
vessells and controls

Control hardware and sensors

Radiators (Exhibition)

Radiator valves

Allow for re-commissioning

Space temperature sensors

Re-use control cabling where
appropriate

Overdoor heaters

Air handling and conditioning

AHU2 and AHUS3 (serving exhibition):

Supply and extract fans

Filters

Heating coil (water)

Heating coil (elec)

Evap cooling humidifiers

NINIGININEN

SIS SIS

Ductwork and grilles

Control hardware and sensors

Allow for replacement of faulty
actuators and sensors

AHU1 (serving Auditorium)

Supply and extract fans

Heat reclaim pump and coils

Filters

Heating coil (water)

Ductwork and grilles

Control hardware and sensors

NINININININEN

<lalalelsla e
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System / Component Replace | Refurbish Retain Comments

Ventilation systems

EF-02 (office toilet extract) v Excluded from scope

EF-03 (GF workshop extract) v

EF-04 (GF toilets) v

EF-06 (projector room) v

EF-07 (GF toilet) v

EF0-08 (GF Mezz toilet extract) v

Domestic hot and cold water system

Storage tanks v

Packaged booster pumps set v

Electric water heaters v

Above ground drainage

Waste and surface water systems New drainage to serving new
v wet areas to connected to

existing infrastructure

BMS and control

Head-end PC and server v

Control software v

Distributed control panels v v

Network cabling v

Space temperature sensors v

Actuators v

Electrical services

MCC1 v

MCC2 v

Table 3 - Previously proposed mechanical scope of works

Under the 2007 proposals, the majority of the major plant items including the air handling units and boilers were to be retained
with refurbishment works undertaken as required.

Some maijor items of plant and equipment were proposed to be replaced including the chiller, some extract fans and the cold

water booster set.

The previous proposals also recommended replacing the majority of the control systems.
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4.2 Electrical services

Under the 2007 proposals, the majority of electrical systems were proposed to be replaced, with only the principal LV
switchgear and sub mains cabling, telecoms and lightning protection systems to be retained.

System. component Replace Refurbish Retain Comments

Principal LV Switchgear v v Retain (LV Switchboard, Em
Lighting Inverter, Office DB’s)
Replace - All other items

Sub Mains Cabling v v Retain - Submains cables for
equipment remaining in existing
locations
Replace - All other cabling

Sub Distribution Boards v Replace - All DB’s excluding 2™
Floor office

Final Circuit wiring v Replace - All wiring excluding
2" Floor office

Accessories (power points, spurs, light v Replace - All accessories

switches, minor isolators) excluding 2™ Floor office

Lighting Internal v Replace - All lighting excluding
2" Floor office

Emergency Lighting v Replace - All accessories
excluding 2" Floor office

External Lighting v Replace - All

Lighting Controls v Replace - All excluding 2" Floor
office

Fire Alarms v Replace - All excluding 2" Floor
office

Voice Alarms v Replace - All excluding 2" Floor
office

Intruder Alarm v Replace - All excluding 2" Floor
office

Access Control v Replace - All

CCTV systems v Replace - All excluding 2" Floor
office

Telecoms v Upgrade to 100MBps

Lightning Protection v Refurbish following assessment

Table 4 - Previously proposed electrical scope of works
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5.0 Architectural design proposals

The latest architectural proposals for Boat House 6 include:

1. Ground floor: Re-organisation and refurbishment to house the Royal Marine Museum including welcome/ reception
area; immersive experience areas; exploratory/ remembrance room; and shop.

2. Mezzanine: Refurbishment to house conference facilities; café; and multi-use areas.

3. First floor: Reorganisation and refurbishment to accommodate 400 sqm gallery space; 385 sqm Lazer Quest space;
new WCs. Existing theatre/ auditorium space to be retained.

4. Second floor: With the exception of works to the lifts, there are no further works proposed to the second floor.
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Figure 2 - Proposed Ground Floor Layout, Dannatt Johnson Architects BH6 Re-Invigoration Concept Study, 2023 Figure 3 - Proposed Mezzanine Floor Layout, Dannatt Johnson Architects BH6 Re-Invigoration Concept Study, 2023
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Figure 5 - Proposed Second Floor Layout, Dannatt Johnson Architects BH6 Re-Invigoration Concept Study, 2023
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6.0 Energy strategy

One of the key drivers for the project is to improve energy efficiency and reduce the operational carbon emissions associated
with the operation of the building.

Energy strategies for new and existing buildings are typically developed in accordance with the basic stages of the energy
hierarchy which considers lean, clean and green savings where:

1. Lean savings are those associated with reducing the basic demand for energy through for example considering
building massing improving building fabric performance to reduce heating and cooling demands.

2. Clean savings are those associated with ensuring that the reduced energy demands can be met as efficiently as
possible through specifying high efficiency building services plant and equipment.

3. Green savings are those associated with employing low and zero carbon technologies to help offset the reduced
emissions associated with the reduced energy consumption.

Massing /
Building Form
“.'“' Envelope
Systems
-< » Efficiencies
o ) On-Site

Generation

Renewable

Energy Sources

. Optimised
Hierarchy v Network

In this instance, it is understood that there are no proposals to make significant alterations to the building fabric performance as
part of the architectural design proposals and no associated cost allowance for any fabric improvement works. Whilst there are
no current proposals or associated cost allowances, the potential for ‘lean’ energy savings has been considered below
alongside the potential ‘clean’ and ‘green’ savings.

Figure 6 - Energy Hierarchy Approach

6.1  Existing Annual Energy Demands

An assessment (CAN 012, Carbon Footprint Assessment, Steensen Varming, 2018) was undertaken in 2018 of the existing Boat
House 6 annual energy demands. As this assessment was based on a period when the building was still in regular use as
‘Action Stations’, the energy consumption data from this period is considered appropriate for use in estimating the baseline
building energy consumption which is:

- Whole building:
o Electricity: 261,841 kWh/ year
o Gas: 510,384 kWh/ year
- Whole building, less Level 2 office spaces:
o Electricity: 216,814 kWh/ year
o Gas: 444,024 kWh/ year
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From the above figures it can be seen that the gas consumption accounts for approximately two thirds of the building energy
consumption with electricity consumption accounting for the remaining third.

As domestic hot water demands are met by electric hot water heaters, the gas consumption is associated purely with meeting
the building’s space heating demand.

Preliminary heat loss calculations and an assessment of the existing heating installations suggest that the space heating peak
demand is roughly split as follows:

1. Fabric losses: 15%
2. Infiltration losses: 45%
3. Mechanical ventilations losses: 40%

It is worth noting that the fabric losses are relatively low when compared to the infiltration and ventilation losses.

With mechanical ventilation losses accounting for approximately 40% of the peak heating demand, this is an area worth
targeting for energy savings, alongside investigating the potential for improvements with respect to the efficiency of heat
generation.

6.2 Lean savings

Fabric and infiltration losses can be reduced through making improvements to the building fabric. However, in this instance, the
opportunities for making fabric improvements are likely to be limited due the listed nature of the building. The possible
exception to this is with regard to the glazing, and the potential for introducing secondary glazing a possibility.

Preliminary heat loss calculations suggest that glazing losses account for approximately half of the total fabric heat losses.

With the introduction of secondary glazing to all areas, it may be possible to halve the current glazing heat loss. This would
represent a total reduction in the peak heat demand in the region of 3%. The introduction of secondary glazing would also
potentially achieve further savings through reducing infiltration.

As the potential savings are relatively small, likely to be costly, and will have an impact on the heritage value of the building, it
may be preferable to focus on implementing more cost-effective energy efficiency measures as part of this project.

6.3 Clean savings

‘Clean’ energy savings can be achieved through the specification of energy efficient building services plant and equipment.

To this end, all equipment should be specified with appropriate controls and to ensure that efficiencies improve upon the
minimum values set out in Building Regulations Part L. This approach is applicable to building services systems including:

Lighting.

Air handling units (including fan and heat recovery efficiencies).
Stand-alone pumps and fans.

Domestic hot water generators.

Chillers.

Heat generation plant.

oo p N

Due to the high building heat demand, the most significant opportunity for targeting energy savings for Boat House 6 is with
respect to reducing heat losses associated with mechanical ventilation and improving the efficiency of heat generation.
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6.3.1 Reducing the heat losses associated with mechanical ventilation

Mechanical ventilation heat losses can be reduced in two ways:

1. Ensuring that mechanical ventilation systems are controlled efficiently so that they are only operational when required,
and that the supply of outdoor air is controlled in response to demand/ occupancy.
2. Optimising heat recovery.

Heat is lost through mechanical ventilation by extracting the warm air from inside a building and replacing it with cold outside
air. The associated heat losses can be reduced by ensuring the ventilation systems are only operating when they need to
(through effective controls) and through design of the air handling units to allow for the outside air be modulated based on
demand. Through implementing CO, control, the outside air can be adjusted fo the minimum required to maintain the required
air quality levels, and this in turn will avoid conditioning excess outside air unnecessarily. The existing air handling units do not
incorporate this functionality.

In addition to reducing the supply of outdoor air to a minimum, further savings can be made through recovering heat from the
air which is exhausted and transferring this to the outdoor air supply. This process effectively pre-heats the outdoor air supply
which in turn reduces the load on the AHU heating coils. The existing air handling units incorporate heat recovery systems, but it
is likely that modern AHUs with heat recovery efficiencies in the region of 80-90% would represent a significant improvement
on the existing installations.

In light of the potential for significant energy efficiency improvements (and considering their age) it is recommended that the
existing air handling units should be replaced with energy efficient modern equivalents. In addition to improved heat recovery
efficiency and the potential for controlling/ minimising outdoor air, new AHUs would be supplied with more efficient fans, and
could be designed to accommodate heating coils that would be compatible with an alternative heat source, like air source heat
pumps, which typically have lower operating temperatures than conventional gas boiler supplied heating systems.

6.3.2 Improving the efficiency of heat generation

The existing heating demands are met by gas-fired boilers located in the roof top plant room. Two boilers serve the ground and
first floors, with a third boiler serving the second-floor office spaces. Having been installed in 2001, the boilers are now
considered to be at or approaching the end of their operational life expectancy.

It is understood that there are currently no plans to introduce any kind of district heating system utilising a central energy centre
to serve the wider National Museum of the Royal Navy site, and that the existing steam system operated and maintained by the
Ministry of Defence is in the process of being decommissioned. On this basis, a connection to a local district heating system has
been discounted, and the assessment below focuses on the replacement of the existing gas boilers with local sources of heat
generation.

The most viable options for replacing the existing gas-fired boilers are summarised below:
1. Modern, more energy efficient gas fired boilers.
Replacement with more modern gas fired boilers would deliver some improvement in efficiency and reduction in
carbon emissions as a result of the improved efficiency of modern boilers (90%+) compared to the existing boilers. This

option would be the most straight forward with the new boilers likely to be installed in the existing roof top plant room
which already has all necessary infrastructure in place.
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Air source heat pumps (low temperature).

Air source heat pumps (ASHPs) extract heat from outside air using the compression refrigeration cycle, to produce hot
water. Typical air source heat pumps can run with efficiencies of around 300%. With the carbon emissions factors for
gas and electricity now nearly equivalent to each other, heat pumps have potential to make significant energy and
carbon savings in comparison with gas boilers due to the much greater efficiencies.

Low temperature heat pumps produce hot water at around 45°C. This is less than the operating temperatures of
conventional gas fired boiler heating systems which typically utilise low temperatures of 70-80°C. The lower operating
temperatures of heat pumps means that they are well suited to be used in parallel with under-floor heating systems
but are not always suitable for retrofitting into existing buildings, or for use with existing secondary heating systems.

In addition to meeting heat demands, one significant benefit of heat pumps is that they can be operated in reverse to
effectively become a chiller and be used to meet any site cooling demands as well.

Air source heat pumps (high temperature - COy).

High temperature air source heat pumps work in the same way as low temperature heat pumps, but sometimes use
different refrigerants (like CO,) and can produce flow temperatures of up to 85°C. The higher operating temperatures
mean that high temperature ASHPs can be easier to retrofit within exiting buildings. They do however have high capital
costs and lower operating efficiencies than low temperature heat pumps.

Air-source and water-source heat pumps in 2-stage/ cascade configuration.

An alternative to using high-temperature heat pumps in a single stage configuration to boost operating temperatures is
to use a 2-stage cascade approach with air source heat pumps used in parallel with water source heat pumps. In this
scenario, the water source heat pump is used to boost the temperature of the water supplied by the air source pumps
before it is circulated to the secondary heating systems. This approach is becoming more standard for retrofit
applications, allowing gas boilers to be replaced with more efficient heat pumps without having to replace the entirety
of the heating systems. In some scenarios, the low temperature heat can be used to meet heat demand in some areas,
with the water source heat pumps used to boost the operating temperature only to the areas/ systems that require the
higher operating temperatures.

Water source heat pumps using the Mast Pond as water source.

Water-source heat pumps work in the same way as air-source heat pumps, but as the name suggests, using water
instead of air as the heat source. Water source systems are more efficient than air source systems because water is
better at transferring heat than air, and open water source temperatures tend to be more stable throughout the year.

Water-source systems can be open or closed loop. In this instance, a closed loop system would comprise coils of
pipework laid in the Mast Pond. An open loop system would extract water from the Mast Pond and run it through a
heat exchanger to extract heat before returning it to the Mast Pond. The ecological impacts of either option would need
to be considered further before proceeding with this option.

A combination of the above options.
In practice, it is likely that the preferred approach in this particular instance may be a combination of the above options

to enable the benefits of some of the more energy and carbon efficient heat pump options to be realised whilst at the
same time mitigating any associated drawbacks and site constraints.
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emissions compared to gas
boilers.

* No on-site combustion
related emissions/ air quality
issues.

* Can be used to meet site
heating and cooling
demands.

compared to gas boilers.

* Increased operational costs
compared fo gas boilers.

* On site refrigerants.

Technology Advantages Disadvantages Further considerations
Gas boiler * Low capital costs. * Less efficient/ increased
* Low operational costs. emissions compared fo heat
* Simple integration with pump alternatives.
existing systems. * On-site combustion/ associated
air quality issues.
ASHP (Low Temp) * More efficient/ reduced * Increased capital costs * A suitable installation location

would need to be found noting
that ASHPs are typically located
externally. There may be
constraints/ difficulties from a
planning perspective with regard
to both visual impact and noise.
+ Additional internal plant space
may be required for thermal
stores/ buffer vessels.

* ASHPs typically operate at
lower temperatures than
conventional gas fired heating
systems, which in turn means
they can be difficult to integrate
with existing secondary heating
systems.

* Retrofitting heat pumps can
lead to a significant increase in
site electrical demand which may
in tfurn necessitate costly supply
upgrades.

ASHP (High Temp)

As ASHP (Low Temp) but
with reduced efficiency

improvement over gas boiler.

As ASHP (Low Temp) but with
further increases to capital and
operational costs.

As ASHP (Low Temp) but better
suited to integration with existing
secondary systems.

ASHP+WSHP

As ASHP (Low Temp) but
with reduced efficiency

improvement over gas boiler.

As ASHP (Low Temp) but with
further increases to capital and
operational costs.

As ASHP (Low Temp) but:

* Better suited to integration with
existing secondary systems.

* Requirement for internal plant
space in addition to external.

WSHP/ Mast Pond

As with ASHP (Low Temp)
but with increased efficiency

improvement over gas boiler.

As with ASHP (Low Temp) but
with further:

* Increases to capital costs.

* Potentially increased
maintenance costs.

* No need for external plant, but
internal space required to house
heat pump/ associated buffer
vessels.

* Pipework would need to be
installed from Mast Pond to heat
pump location within internal
plant room.

* Retrofitting heat pumps can
lead to a significant increase in
site electrical demand which may
in turn necessitate costly supply
upgrades.

Table 5 - Summary of advantages and disadvantages for different heat generation technologies

The potential energy and CO; savings associated with the different heat generation options are summarised in the Table 6.
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Heat generator Efficiency, % Annual energy Energy saving | Annual CO; emissions, | CO. saving, %
consumption, kWh/ kgCO./ year*
year

Existing boiler 75 408,000 N/A 81,600 N/A
baseline

Modern Boiler 90 340,000 17% 68,000 17%
ASHP (Low Temp) 300 102,000 75% 21,420 74%
ASHP (High Temp) 250 122,400 70% 25,704 69%
ASHP/ WSHP 200 153,000 62.5% 32,130 61%
Cascade

WSHP 400 76,500 81% 16,065 80%

Table 6 - Potential energy and CO2 savings for different types of heat generation
*Based on UK Government GHG Conversion Factors, 2022: Electricity, 0.21 kgCO.e/ kWh; Gas, 0.20 kgCOqe/ kWh

Table 6 shows that each of the heat pump options offer potentially significant energy and carbon savings over the existing
boiler - baseline scenario. As such, it is proposed that one, or a combination of the heat pump options should be considered for
implementation as part of this project.

As discussed above, each of the options has associated advantages and disadvantages, with some further more detailed
assessment required to assess the viability of the individual options. An initial assessment has been completed to review the
key issues as summarised below:

Potential plant locations
An air-source heat pump would need to be mounted externally, with the most obvious location being at roof level. Figure 7
shows the existing roof with the location of the existing plant room indicated by the blue hatching.

There is some flat external roof space available in the areas indicated by the red hatching, but these spaces are likely to be too
small to accommodate air source heat pumps including the necessary access space. It is also noted that these areas house
existing intake and exhaust louvres, and such, are not an ideal location for new plant.

There is a large amount of flat roof space available in the area indicated by the green hatching. This area is likely to be the
preferred option at roof level, though this location would need to be assessed in more detail with regard to planning
requirements, structural suitability, and potential access arrangements to the plant.

If air-source heat pumps were to be installed externally at roof level, is it envisaged that associated plant (e.g. pump sets and
buffer vessels) could be located within the existing roof top plant room in the space that would be vacated by the existing
boilers.

If the roof top location proves not to be suitable, an alternative option may be to build a dedicated enclosure at ground floor
level, perhaps taking over some of the existing parking provision adjacent to the building, though this would again be subject to
planning permission and agreement with the relevant parties.

If a 2-stage cascade system were to be installed, space would still be required at roof level for the air-source heat pump,
though potentially with a reduced footprint. Additional space would also be required to accommodate a water-source heat
pump in an internal plant room, with the existing roof-top plant room likely to be the preferred location.

If the option of installing a water-source heat pump to draw heat from the Mast Pond is pursued, it would be necessary to find
an internal location for the heat pump, and a pipework route from the heat pump location to the Mast Pond. It may be possible
to locate some of the pipework below the Boat Houses that are adjacent to the Mast Pond, but it would also be necessary to
find a route to cross back to Boat House 6 whilst respecting any associated heritage constraints. The exact routing of the
required pipework would need to be assessed in more detail if there is an appetite to pursue this option.
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Figure 7 - Plant space availability on the roof of Boat House 6

Available capacity of existing electrical supply

Boat House 6 is understood to be served by an electrical supply from a local substation with an incoming breaker rated at
1200A. Whilst the breaker is rated at 1200A, which would equate to a load of around 800kVA, the estimated load for the
existing building is around half of this, which suggests there may be spare capacity.

It should however be noted that the whilst the existing breaker is rated at 1200A, the agreed supply capacity may be less than
this, and there is a reasonable chance that any spare/ available capacity at the substation has been diverted to serve other
demands/ customers.

If the full 1200A is not available to Boat House 6, a more detailed assessment would need to be made to determine the
available spare capacity, and in turn, what size of heat pump installation could be supported. If the existing capacity is not
sufficient, there may be costs associated with increasing the capacity of the existing supply to match the estimated demand.

If however the full 1200A capacity is available, there is likely to be sufficient spare capacity to meet the additional demands
associated with any of the proposed heat pump solutions without any necessary upgrade to the incoming electrical
infrastructure.

Compatibility with existing secondary systems/ potential heat emitters

As noted above, it is often not possible to replace existing boilers with low-temperature heat pumps without making further
changes to the secondary heating systems to account for the lower operating temperatures. This may mean for example
intfroducing additional, or increasing the size of existing radiators to compensate for the lower temperatures and maintain the
same level of heat output. In existing, older buildings which may have relatively poor thermal performance in comparison to
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modern buildings, there can sometimes also be difficulties in meeting the basic heat demands with the lower operating system
temperatures, even with replacement of heat emitters and secondary systems.

In this instance, there is scope to replace the secondary heating systems as part of the project, but due to the relatively high
building heat losses, it may still be challenging to meet the building heat demand if the existing heating strategy, which relies
on heating via the ventilation systems and radiator circuits, is retained.

It is envisaged that the mechanical ventilation system strategy will be retained. The air handling units can be fitted with heating
coils that are sized to work with low temperature heat pumps to assist in meeting part of the building heat demand. In addition
to this, a second form of heating will be required to maintain acceptable temperatures. If low temperature heat pumps were to
be used with conventional radiators, the radiators would need to significantly increase in size to achieve the required output.
Possible alternatives to this approach include:

1. Underfloor heating.
2. Fan coil units.

Underfloor heating works well with low temperature heat pumps because there is a large area across which the heat can be
transferred into the room, and this large area compensates for the relatively low temperatures. However, in this instance, due
to the heritage nature of the building, retrofitting an underfloor heating system is likely to be challenging, particularly at ground
floor level (though there may be opportunities to do so elsewhere).

The second alternative is to consider the use of fan coil units instead of conventional radiators. Fan coil units can be wall/ floor
mounted similar to radiators, and may be of a similar size to the existing radiators. As the name suggests, they incorporate a
heating coil and fan to increase the heat output beyond what would be possible with conventional radiators. In this way,
modern fan coil units can work well with low temperature heat pumps and can work well in retrofit applications.

Figure 8 - Example Fan Coil Unit (PowerKon LT)

The alternative to specifying heat emitters that will work efficiently with low temperature systems is to instead specify the
central plant to be capable of achieving higher operating temperatures as would be possible with a high temperature heat
pump, or ASHP and WSHP installed in a 2-stage cascade configuration.

Further detail on the proposed heat generation/ heating strategy is set out in Section 7.0.
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6.4 Green savings

Having addressed the potential for ‘lean’ and ‘clean’ savings, further opportunities for ‘green’ savings through the installation of
low or zero carbon (LZC) technologies should be assessed.

In this instance, low carbon heat pumps are already proposed to be installed to meet the building heat demand, but further
opportunities should also be considered. Beyond sources of heat generation, the most viable LZC technology options are likely
to be solar thermal panels or solar photovoltaic panels.

In this instance, the building has limited domestic hot water demands which means solar thermal panels are unlikely to offer
significant energy or carbon savings, and instead the installation a solar photovoltaic (PV) array is likely to be the preferred
option.

The building has a large roof area with potential for the installation of PV panels and it is noted that a feasibility study to
determine the potential capacity of such an installation for Boat House 6 has already been undertaken as part of a wider
appraisal for the National Museum of the Royal Navy Site by ‘Isoenergy’

The Isoenergy quotation (3@ October 2023) allows or PV arrays located on the foot of the auditorium, the plant room, and a
further area of south facing sloped roof.

The estimated peak output of the proposed installations is 58kW, with an estimated annual yield of 52,416 kWh. This is
equivalent to approximately 20% of the annual electricity demand for the existing building (not including proposed heat pump
installations).

The equivalent annual carbon savings of the proposed installation assuming all electricity is used on site, and therefore the
carbon emissions associated with the equivalent amount of grid supplied electricity would be offset, are approximately
11,000kgCO,/ year.

6.5 Summary

The key recommendations that have been set out above are summarised below:

Lean Savings
- Whilst there may be potential to install secondary glazing to help reduce fabric losses, this option is not proposed due
to the relatively small potential savings, potentially significant costs, and heritage impacts.

Clean Savings
- All new services installation to be specified with appropriate controls, and to ensure efficiencies improve upon
minimum values set as required under Building Regulations Part L.
- Replace existing air handling units with new modern equivalents with improved heat recovery efficiencies.
- Gas boilers to be replaced with a heat pump solution, with the exact design proposals to be confirmed. The summary
calculations below assume generic heat pump installations with a combined COP of 2.5/ efficiency of 250% to
demonstrate the relative magnitude of savings in relation to the other proposed measures.

Green Savings
- Installation of 58kW PV array.

The graphs below show the energy and CO, savings associated with the above measures in comparison to the existing
baseline.
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Figure 9 - Estimated annual Energy Consumption Savings
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Figure 10 - Estimated annual CO:z savings

It can be seen that the implementation of the clean savings has a big impact with an estimated reduction in energy consumption
and CO, emissions of 53% and 52% respectively.

The installation of the PV array produces a further saving in energy consumption and CO, emissions of approximately 7% and
giving total savings in the region of 60%.
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7.0 Proposed servicing strategy

A number of assumptions have been used to inform the development of the proposed servicing strategy. The following key
assumptions should be reviewed/ agreed with the client team:

The level of architectural intervention in relation to the services design is to be kept to a minimum with the locations of
existing plant rooms to be retained, and existing distribution routes to be reused where possible.

With the exception of the potential increase to the electrical load associated with the proposed heat pump installation,
the building energy demands will remain approximately as they were when ‘Action Stations’ was operational.

Based on the age of the existing installations, the significant works to be undertaken, and the client’s aspirations with
regard to improving energy efficiency, the expectation is that much of the existing building services plant and
equipment will be replaced as part of this project.

The 2" floors offices are to be remain occupied/ operational with limited works proposed to local services in those
areas, though it is accepted that central plant that serves the office areas in addition to the rest of the building will need
to be replaced as part of this project.

The basic fire strategy for the building will remain as existing.

Limited works are proposed to the building fabric that may result in any improvement in the thermal performance of
the fabric.

7.1  Mechanical services strategy

Heating
Some of the options for the heating strategy have been set out under the ‘Clean’ savings section of the previous Energy
Strategy chapter.

In short, it is recommended that the existing gas-fired boilers are replaced with heat pumps to meet the majority of the space
heating demand for the building. The exact configuration of heat pumps, and associated secondary heating system design will
need to be informed by a number of factors including client aspirations with regard to carbon savings; associated costs,
technical considerations including available electrical supply, and potential constraints with regards to plant locations that may
require planning permission and/ or listed building consent. As these detailed considerations cannot be fully resolved at this
stage, it is recommended that an allowance be made for the following provision at this stage:

Low-temperature (reversible) air source heat pumps will be used to meet the majority of the building heat demand
Back up gas boilers to be installed to assist in meeting peak heating demands, and to provide resilience to the heat
pump systems. The boilers would also be used to supply heating to the office areas, assuming existing secondary
heating systems in the office areas are to be retained.

Existing radiators to be replaced with fan convectors specified to operate at lower temperatures to be compatible with
the proposed air source heat pumps.

Refer summary scope of works in Section 7.3 for more detail.

Cooling

Cooling is currently only provided to the auditorium via a DX coil in the auditorium AHU which is connected to an external
condenser unit/ chiller outside the roof top plant room.

With heat pumps proposed to meet the building heating demand, it is proposed to make these reversible, or ‘4-pipe’ units so

that the same heat pump plant can be utilised to meet both the building heating and cooling demand. This approach will ensure
the efficient use of plant and plant space, help to reduce capital costs, and create the potential for improved energy efficiency.
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The main AHUSs serving ground and first floors are proposed to be fitted with cooling coils to provide the opportunity of cooling
to these areas. It is envisaged that some of the internal rooms that will be created on the ground and first floor may have a
cooling demand, particularly the proposed Lazer Quest facility.

Refer summary scope of works in Section 7.3 for more detail.

Ventilation

The existing building is mechanically ventilated. A dedicated AHU located in the roof top plant room serves the auditorium. Two
AHUs located in the second floor plant room serve the ground and first floors via supply ductwork which feeds diffusers located
on the north and sound sides of Boat House 6. Return air is transferred back to AHUs 2 and 3 via return air bell mouths at
second floor level.

The existing approach utilising perimeter only diffusers and a single bell mouth to return air to each of the AHUs relies on the
ground and first floor spaces being relatively open to ensure a reasonably distribution of outdoor supply air throughout.

The design proposals include the creation of some new internal spaces/ rooms including the exploratory/ remembrance room at
ground floor level and separate gallery and Lazer Quest areas at first floor level which are assumed to be enclosed.

Whilst the basic existing strategy can be retained, the creation of internal spaces within the ground and first floors means that it
will be necessary to extend the ductwork distribution fo serve these areas.

Refer summary scope of works in Section 7.3 for more detail.

Domestic Water

The existing domestic water services strategy will be retained with a boosted cold-water supply used to meet the water
demands of fittings and appliance throughout the building.

Hot water demands to be met by local electric water heaters.

Whilst the existing strategy will be retained, all plant shall be replaced, including cold water booster set and local electric water
heaters. It is assumed existing pipework can be retained with alterations as necessary to suit the proposed layouts.

Refer summary scope of works in Section 7.3 for more detail.

Drainage
Existing drainage systems to be retained with alterations as necessary to suit the proposed layouts.

Refer summary scope of works in Section 7.3 for more detail.
Fire Protection/ Sprinklers
It is assumed that the fire strategy will remain the same with the existing dry riser retained and sprinkler provision required

throughout the building.

An allowance should be made for replacing the existing sprinkler pumps, and making alterations to existing pipework
distribution to suit proposed layouts as a minimum.

Refer summary scope of works in Section 7.3 for more detail.
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7.2  Electrical services strategy

LV mains and small power

As noted in the Energy Strategy section, the existing electrical supply infrastructure to the building is expected to be sufficient
to meet the increased electrical demand associated with the proposed heat pump installations, but it is not known whether the
agreed supply capacity is equivalent to the 1200A supply. Further investigation is required to confirm the available spare
capacity on the existing supply, and any potential costs associated with increasing the agreed supply capacity if required.
Irrespective of any change to the supply agreement with the local district network operator, it is assumed that the existing
incoming supply and main switchgear can be retained. It is however envisaged that the remainder of the electrical installations
will need to be replaced.

Refer summary scope of works in Section 7.4 for more detail.

Fire alarms/ Voice alarms
It is assumed that the existing fire strategy will remain as existing (fo be confirmed by Fire Engineer).

The existing fire alarm installations shall be replaced in their entirety, with a new BS 5839 compliant system.

The fire detection system should also have functionality to provide occupant warning alarms via PAVA speakers throughout the
building.

Refer summary scope of works in Section 7.4 for more detail.

Security and CCTV
Existing security and CCTV installations to be replaced in line with client requirements.

Refer summary scope of works in Section 7.4 for more detail.

Data
New ICT installations to be provided in accordance with client requirements (TBC).

Refer summary scope of works in Section 7.4 for more detail.

Lightning Protection
The existing lightning protection system shall be retained with alterations as necessary to align with the design proposals.

Refer summary scope of works in Section 7.4 for more detail.

Lighting
External and internal lighting systems, including emergency lighting to be replaced in their entirety.

Refer summary scope of works in Section 7.4 for more detail.
PV Installations
As described in the ‘Green Savings’ section of the Energy Strateqy chapter, a large PV array is proposed to be installed on the

roof of Boat House 6.

Refer summary scope of works in Section 7.4 for more detail.
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7.3 Mechanical services scope of works

Heating
- Allow for new air source heat pumps sized to beet approximately 70% of the peak heat demand (approximately 400

kw).

Allow for associated buffer vessels/ thermal stores and controls installations.

Allow for installation of new back up/ peak demand gas-fired boiler plant (approximately 300 kWw).

Allow for ASHP heating circuits to serve LTHW heating coils in 3 no. air handling units and new fan-coil heaters to

replace radiators on ground and first floor.

Assume existing secondary radiator spaces in offices to be retained.

Cooling
- Allow for reversible heat pumps to be installed to meet heating and cooling demands

Allow for cooling heat pumps to supply cooling coils in 3 no. AHUs

Allow for additional chilled water pipework circuit and associated fan-coil units to meet cooling demands associated

with the proposed Lazer Quest facility on the first floor.

Ventilation
Allow for replacement of AHU 2 and 3 with new high efficiency heat recovery AHUs incorporating high efficiency plug
fans, low temp ASHP compatible LTHW heating coils, cooling coils, capacity for modulating outdoor air
Allow for replacement of intake/ exhaust ductwork to AHU 2 and 3, utilising existing routes.
Allow for new extended supply and return air ductwork to serve ground and first floors, with an allowance for additional
ductwork to serve the new ‘internal’ spaces that will be created on the ground and first floors.

Allow for replacement (or full/ significant refurbishment) of AHU 1 serving the auditorium.

Allow for refurbishment of intake/ exhaust ductwork to AHU 1.

Allow for refurbishment of supply/ return air ductwork and associated grilles/ diffusers serving the auditorium and
projector room.

Allow for replacement of ground floor and mezzanine toilet extract system.
Allow for replacement of ground floor workshop extract system.

Allow for refurbishment of projector room extract system.

Assume offices toilet extract system out of scope/ to be retained.

Domestic water
Allow for replacement of main cold-water booster set and storage tank.
Allow for existing main pipework distribution to be retained, with new insulation.
Allow for extensions to existing cold water distribution to serve new fittings and appliances including ground floor cafe,
mezzanine café and first floor WCs.
Allow for replacement of existing electric water heaters and provision of new electric hot water heaters to meet new
hot water demands (e.g. ground floor café, mezzanine café and first floor WCs).
Assume no works 2" floor office areas.

Drainage
Assume existing systems to be retained.
Allow for new drainage installations to serve new area with drainage demands including ground floor café, mezzanine
café and first floor WCs.

Fire protection/ sprinkler system
Allow for replacement of electric and diesel sprinkler pump sets.
Allow for alterations to existing sprinkler distribution pipework as may be required to suit proposed layouts.
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7.4 Electrical services scope of works

LV mains and small power
Any requirement to adjust/ increase capacity of existing agreed supplied capacity to be confirmed.
Allow for existing main switchgear to be retained.
Allow for all other electrical distribution to be replaced.

Fire alarms/ Voice alarms
Allow for replacement of existing fire alarm system in its entirety, including panels, call points, detectors, sounders, and
any necessary interfaces to other building systems.
Allow for replacement of PAVA systems.
Allow for VESDA type system and beam detection in the auditorium.
Assume second floor office field devices to be retained and connected to new panel.

Security and CCTV
Allow for replacement of existing security and CCTV with new systems designed in accordance with any specific client
requirements (TBC).

Data
Allow for new ICT installations including head end equipment, Wi-Fi points to serve all areas of ground and first floors,
and associated cabling/ containment.

Lightning Protection
Allow for alterations as required to bond any new external plant and equipment (e.g. heat pumps, PV installations) to
the existing lightning protection system.
Allow for new surge protection devices to be installed.

Lighting
- Allow for new external lighting to front facade.

Allow for feature lighting at main entrance.

Allow for new lighting and emergency lighting across ground, mezzanine and first floors.

Allow for new lighting to auditorium, including stage lighting.

Allow for new lighting controls throughout (client requirements TBC).

Assume second floor office areas excluded from scope.

PV Installations

Allow for installation of 58kW PV array on the roof of Boat House 6,
Allow for associated electrical infrastructure.
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