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1 Executive Summary 
The coal fired steam reticulation network at the Burnham Military Camp is near the end of its working life 

and needs to be replaced. In recent times, NZDF have made clear intentions to reduce their operational 

carbon footprint. The upgrade of the existing coal fired system is a key opportunity for the site to reduce its 

operational carbon emissions. 

Four different options have been assessed for technical feasibility in this report and their predicted cost 

and carbon emission savings calculated. These options are: 

• Variable Refrigerant Flow (VRF) heat pump systems in secondary / small scale buildings with direct 

electric hot water heating. Localised LPG boilers in primary / large scale buildings (retaining existing 

space heating & DHW plant). 

• VRF heat pump systems in all buildings (primary and secondary) & direct electric water heating. 

• VRF heat pump systems in secondary / small scale buildings with direct electric hot water heating. 

Air to Water Source Heat Pumps (ASHP) in primary / large scale buildings (retaining existing space 

heating & DHW plant). 

• VRF heat pump systems in secondary / small scale buildings with direct electric hot water heating. 

Open Loop Ground Water Source Heat Pumps (GWSHP) in primary / large scale buildings (retaining 

existing space heating & DHW plant). 

The results of the study are as follows: 

Option Estimated 

Capital Costs 

Carbon 

emission 

saving vs 

existing coal 

fired system 

Carbon 

emission 

saving per $ 

invested 

(capital) 

$ % $/kg 

Option 1 - VRF & LPG Heating Systems 20.4 million 76 5.44 

Option 2 – VRF heat pumps & ASHP Systems 24.1 million 91 5.33 

Option 3 – VRF heat pump systems in all spaces 20.9 million 93 4.53 

Option 4 – Open loop ground source heat pump 

system & VRF heat pumps 

Cost to be 

provided by QS 

92 
N/A 

 

In summary option 3 (VRF systems in all spaces) provides the greatest carbon savings and the lowest 

estimated capital costs. It should be noted, that in terms of installation it could be considered more 

disruptive than the other three options as VRF indoor units would need to be installed in all rooms 

requiring heating.  

Regarding options 2 and 4 (air and water source heat pumps), it was found that these systems cannot 

operate at optimum efficiency when connected to the existing radiators and hot water cylinders in the 

barracks buildings. This is because the flow and return temperature on the existing system (estimated at 

80/70oC) is not conducive to efficient operation of these systems.  As such, the predicted carbon savings 

are less than that of the traditional VRF system, even though more sophisticated technology is being used 

2 Background 

2.1 Context  

The planet has warmed by around 1°C since pre-industrial times, mainly due to human greenhouse gas 

emissions and this trend is accelerating. The world has agreed (as per the Paris agreement 2015) that we 

must limit warming to well below 2°C, and that we should be aiming for below 1.5°C. This requires global 

CO2 emissions to reach net zero by early in the second half of the century, along with deep cuts in our 

polluting greenhouse gas emissions. Buildings in New Zealand currently account for around 20% of total 

carbon emissions, which highlights an urgent need for us to reduce emissions in this sector. 

Changes in New Zealand Government policy are now driving an increased focus on the switching of fuel 

supplies from non-renewables to renewables (e.g. coal to electricity) to reduce the emissions for energy 

utilised across the state sector. The New Zealand Defence Force (NZDF) have responded with an 

implementation plan with regards to the climate crisis. This goes on to recognise how the impacts of 

climate change will become more pronounced as time goes on. It also examines the potential security 

implications of climate change and highlights the NZDF’s position as a key stakeholder in the world’s 

climate crisis. 

Currently, NZDF have clear intentions to reduce their operational carbon emissions and WSP has been 

developing low emission design concepts for the replacement of the existing energy system at Burnham 

Military Camp (BHM). Presently, much of the space heating and DHW at the BHM is via an existing coal-

fired steam boiler and subterranean pipe network distribution system. The remainder is achieved through 

retro-fitted electric heaters and heat pumps.  

2.2 Previous work  

WSP (formerly Opus and WSP Opus) have completed several reports to assess the existing infrastructure 

and undertake technical assessment and financial analysis for the options to replace the existing energy 

centre and meet the energy demands across the camp. Some of the buildings on-site have already been 

converted to use electrical heating solutions and others will be in the future. 

2.3 Current installation 

The existing coal-fired steam boilers and steam reticulation installed in service tunnels are approaching 

the end of their life and need to be replaced with a new heating system. 

As reported in a previous energy audit of the BHM site, the total output of the existing steam boiler system 

is 5,600 kW, of which 2,000 kW is generated by Boiler 2 and approximately 3,600 kW generated by Boiler 

3. Boiler 1 is no longer used for steam generation but is retained as a water storage tank. 

During the winter season Boiler 3 operates to provide steam to the reticulation while Boiler 2 is kept hot 

for redundancy. In summer, Boiler 3 is kept turned off while Boiler 2 operate to provide heating for DHW 

(Domestic Hot Water). 

The existing boilers generate steam at 9 bar.  A pressure reducing station decreases the steam pressure 

from 9 bar (180°C) to 2.6 bar (140°C) before distributing steam to the site through the main reticulation 

pipework located in underground service tunnels and ducts that cross the site between the 36 sub-

plantrooms.  In general, each plant room has two steam to water heat exchangers (calorifiers) which are 

used for the following: 
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• Heating low temperature hot water (LTHW) for space heating via radiators, or convectors. 

• Heating domestic hot water (DHW) storage tanks for general hot water use within buildings 

(temperature set-point 60°C) 

Due to the significant length and poor condition of the steam reticulation network, current losses have 

been estimated to be approximately 430 kW.  

Although the total heating capacity may need more detailed assessments as the project moves forward, 

based on the above, together with the data provided by NZDF and previous assessments/reports, the peak 

of space heating capacity (excluding DHW production) to be delivered to the site has been estimated to 

be approximately 4,400 kW (considering the buildings ear-marked for demolition; B51, B52, B57, Y26, G32, 

Y37). 

2.4 Focus of this report 

As the steam reticulation network is approaching end of its life, this report identifies feasible alternatives 

for the heating requirements of the site. In previous reports, it was identified that the most capital cost-

effective solution is to decommission the existing coal fired boiler system, retain the existing LTHW 

reticulations and install new high-efficiency, localised LPG boilers for each building. This would be in the 

same plantrooms as the existing steam-water and steam-DHW calorifiers. However, for aligning BHM with 

NZDF’s carbon emission aspirations, several alternative options to using Liquefied Petroleum Gas (LPG) 

boilers are explored in this report. This is based on a feasibility assessment undertaken by WSP on 31 

January 2020 and as-built drawing information provided by NZDF. The proposed solutions include: 

• Variable Refrigerant Flow (VRF) heat pump systems in secondary / small scale buildings with direct 

electric hot water heating. Localised LPG boilers in primary / large scale buildings (retaining existing 

space heating & DHW plant). 

• VRF heat pump systems in all buildings (primary and secondary) & direct electric water heating. 

• VRF heat pump systems in secondary / small scale buildings with direct electric hot water heating. 

Air to Water Source Heat Pumps (ASHP) in primary / large scale buildings (retaining existing space 

heating & DHW plant). 

• VRF heat pump systems in secondary / small scale buildings with direct electric hot water heating. 

Open Loop Ground Water Source Heat Pumps (GWSHP) in primary / large scale buildings (retaining 

existing space heating & DHW plant). 

3 Concept Design Options  

3.1 Overview 

WSP has expanded upon their previous investigations and drawn from work undertaken by others to 

develop some proposed concept design options for the upgrade of the heating systems and associated 

electrical network upgrades across the Burnham Military camp.  An overview of the new proposed heating 

strategies is described in this section. The currently proposed concept strategies are based on replacing 

the existing coal fired heating system with a predominantly electrical solution. This can be achieved in 

several configurations, as explained in this section. Buildings already using an electric heating strategy will 

remain as is. Appendix A is a sketch of the military camp site highlighting the future intentions for each 

building.  

Buildings highlighted in blue are to be converted to VRF systems with direct electric water heating. These 

are mostly secondary / small scale buildings.  

Building highlighted in green are mostly primary / large scale buildings and will be converted to either 

LPG, VRF, ASHP or an GWSHP system as explained below. 

Buildings intended to remain with their current heating systems are highlighted in orange.   

Buildings intended to be demolished are highlighted in black in the table of Appendix B. This strategy is 

as per the information provided by NZDF.  

The tables in Appendix B, C & D are also coloured coded using the philosophy described above. This 

strategy is as per the information provided by NZDF. 

3.2 Boiler House and Central Heat Generation Point 

The existing coal fired heating system is to be fully decommissioned and the boiler house is to be 

demolished. This includes all coal storage hoppers, conveyor belts, and boiler flues. Heat will instead be 

generated locally to each building.  

3.3 Option 1 - VRF & LPG Heating Systems  

This strategy is based on primary / large scale buildings using LPG fired boiler systems coupled with a new 

plate heat exchanger (to provide hydraulic separation) to retain the existing space heating and domestic 

hot water (DHW) systems. Secondary / small scale buildings use VRF heat pumps with direct electric DHW 

systems. 

Advantages 

• Lowest electrical load requirement, so possibly reduces electrical infrastructure capacity upgrades 
required on-site 

• Predicted lowest capital cost 

• Minimizes disruption in the barracks by retaining the use of existing radiators and DHW systems 

Disadvantages  

• Highest predicted carbon emissions of the four proposed solutions 

• Still uses fossil fuels (LPG) which does not align with the NZDF climate crisis response plan  
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3.6 Option 4 – Open loop ground water source heat pump system & VRF heat pumps  

Based on some high-level information provided by NZDF, the use of an open loop ground source heat 

pump system could be technically feasible for the BHM site. Historically there have been problems with 

the water levels coming from the boreholes, due to the high local requirements of water for irrigation in 

the Canterbury region. With the introduction of the Central Plains Irrigation Scheme Stage II, this is 

predicted to no longer be of concern in the future. This prediction could give the site access to a large 

volume of ground water that could be used for heat abstraction purposes.    

Whilst it likely to be technically possible to use an open loop ground source heat pump system, some key 

considerations need to be made before this option is investigated further. These include: 

• Drilling costs. From previous investigations, we know that drilling is difficult in the Burnham area 

which is likely to add additional cost to the proposal 

• If the new open loop ground source heat pump is to be used with the existing heating systems in 

the barracks, it won’t be able to run at optimum efficiency. This is explained further below. The 

capital cost for this system is likely to be quite high for a system that may not be used to its full 

potential. 

• Depending on the agreed configuration of the system, it’s possible that a new building could be 

required to house the GWSHP plant along with new buried pipework around the site.  

See below a summary of the perceived advantages and disadvantages of this system.  

Advantages 

• Low carbon emissions 

• All electric solution aligns with the NZDF climate emergency response plan 

• Minimizes disruption in the barracks by retaining the use of existing radiators and DHW systems 

Disadvantages  

• Requires large external plant area close to barracks 

• High electrical load requirement, so could require electrical infrastructure capacity upgrades 

• Using an Open Loop Ground Water Source Heat Pump with the existing radiator and DHW 

system (to produce LTHW at circa 75oC) causes the unit to not run at optimum efficiency. The 

manufacturers estimated co-efficient of performance (COP) to produce LTHW at these 

temperatures is around 2.5. Optimum efficiency would be closer to a COP of 4.5 (when 

generating water at 45/35oC). This reduces the carbon savings realised by the installation of this 

system. 

 

 

 

 

 

 
Figure 4 – image of a floor standing VRF indoor unit and 
existing radiator system in the barracks 
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3.7 Associated Electrical; Upgrades 

Much of the electrical infrastructure at BHM has been assessed to be in a moderate to poor state, largely 

due to lack of maintenance over many years.  Earlier condition assessment reports by SKM in March 2013 

identified the age and condition profile of the existing electrical high-voltage (HV) and low-voltage (LV) 

network cabling and equipment installed across the camp but excluding the electrical installation within 

individual buildings.   

More recently in October 2017, DJY Design undertook a targeted review of the current state of the 

electrical infrastructure with an increased focus on resilience – to ensure that the safety and reliability of 

the electrical infrastructure such that the site’s normal day to day operations could continue uninterrupted 

[10].  DJY also prepared a concept design and scope of work for the upgrade of the HV infrastructure and 

the replacement/upgrade of several LV substations and generator backup facilities across the site.  In 

quantifying this work, strong consideration to flexibility and adaptability and the incorporation of a 

modular design such that the future installation would be aligned to the estate masterplan proposed for 

the BHM site  

The scope of work identified by DJY has been subsequently costed by Rawlinsons in order to contribute to 

the overall capital cost for the Energy System Upgrades at BHM [11].  As such, many of the electrically 

based solutions require the reinforcement of and/or capacity increase in the electrical systems that deliver 

energy to the respective buildings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 Estimated Capital Investment  
WSP have reviewed the Rough Order of Costs (ROC) estimate provided and aligned this information to the 

proposed heating strategy described in this document.  Some buildings were not accounted for in the 

provided cost estimate and some of the NZDF predicted costs have been adjusted on a $/m2 basis using 

the original Chas. E. George & Sons estimate as a basis. The NZDF cost estimates are highlighted in yellow 

in the table of Appendix B. These estimates have been revised.  

4.1 Option 1 - VRF & LPG Heating Systems  

The revised capital cost estimate for this proposal is circa $20.4 million.  

The estimated cost breakdown for option 1 is as per below: 

Component  Cost  

Electrical Upgrades  $8.4 million 

Localised LPG Hot Water Upgrades  $4.1 million 

Electric Heating Upgrades  $2.5 million 

Design Fees $2.2 million 

Contingency $2.2 million  

Boiler House Demolition $1.0 million 

$/ kg CO2 saved $5.44/kg 

 

4.2 Option 2 – VRF heat pumps & ASHP Systems 

The revised capital cost estimate for this proposal is circa $24.1 million.  

The estimated cost breakdown for option 2 is as per below: 

Component  Cost  

Electrical Upgrades  $10.5 million 

Localised ASHP Upgrades  $5.7 million 

Electric Heating Upgrades  $2.5 million 

Design Fees $2.2 million 

Contingency $2.2 million  

Boiler House Demolition $1.0 million 

$/ kg CO2 saved $5.33/kg 

 

 

 

Released under the Official Information Act



Project Number: 4-11555.01 

Burnham Military Camp 

Energy Centre Replacement Project  

Concept Design Summary Report 
 

© WSP New Zealand Limited 2020 11 

4.3 Option 3 – VRF heat pump systems in all spaces  

The revised capital cost estimate for this proposal is circa $20.9 million.  

The estimated cost breakdown for option 3 is as per below: 

Component  Cost  

Electrical Upgrades  $10.5 million 

Electric Heating Upgrades  $5 million 

Design Fees $2.2 million 

Contingency $2.2 million  

Boiler House Demolition $1.0 million 

$/ kg CO2 saved $4.53/kg 

 

4.4 Option 4 – Open loop ground source heat pump system & VRF heat pumps  

It is estimated that this option would have the highest capital cost of the four options due to the 

requirement of additional borehole drilling. Whilst there may already be some extraction boreholes on-site 

that could be repurposed, discharge boreholes would also need to be provided. It is known that the 

ground in Burnham is difficult to drill through, so capita cost would likely be very high for this work.  

Additional input from a Quantity Surveyor is required to estimate a figure for this option should NZDF wish 

to investigate further. Additional investigation beyond the scope of this study would also be necessary to 

develop a proposal. This option has been included in the carbon emission study below to demonstrate the 

potential carbon savings for this option should a study be developed. 

  

5 Carbon Emissions 
The tables below show the predicted carbon emissions for the site and the predicted carbon emission 

reduction for the proposed heating strategy.  The updated coal consumption data provided by NZDF has 

been used as a basis for these calculations and emission figures have been derived from the Ministry of 

Environment (MfE) Emissions Guide. These figures can be found referenced in the table of Appendix B.  

For buildings with a new proposed heat pump heating solution, it is assumed that 75% of the total 

thermal load is for space heating and 25% for DHW. The seasonal efficiency or coefficient of performance 

(SCOP) of the VRF heat pumps is assumed to be 3.6 (heating mode). The SCOP of the ASHP system is 

assumed to be 1.8 in heating mode. The SCOP of GWSHP system is assumed to be 2.5 in heating mode. 

The direct electric DHW cylinder is assumed to have an efficiency of 1. It is currently assumed that the 

cooling function of the heat pump units will be disabled for any buildings that do not currently have a 

cooling system. In case of LPG boilers, the seasonal efficiency is assumed to be approx. 90%. 

 

Heating Strategy  Total Carbon Emissions 

(kgCO2/annum) 

Existing Coal Fired System 4,954,238 

Concept design option 1 - VRF & 

LPG Heating Systems 
1,209,453 

Concept design option 2 - VRF 

heat pumps & ASHP Systems 
437,274 

Concept design option 3 - VRF 

heat pump systems in all spaces 
339,959 

Concept design option 4 - VRF 

heat pumps & GSHP Systems 
374,689 

 

Heating Strategy  Emissions reduction vs existing system 

(%) 

Concept design option 1 - VRF & 

LPG Heating Systems 
~76% 

Concept design option 2 - VRF 

heat pumps & ASHP Systems 
~91% 

Concept design option 3 - VRF 

heat pump systems in all spaces 
~93% 

Concept design option 4 - VRF 

heat pumps & GSHP Systems 
~92% 
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6 Complementary Upgrades 

6.1 Kitchen Steam System 

1 Where kitchen steam is provided by the existing steam reticulation, appliances shall be 

upgraded to localised electric units. 

2 Where this isn’t possible, steam shall be generated using an electric steam boiler situated in 

the mess plantroom.  

6.2 BMS Upgrades 

As mentioned in the previous sections, as part of the system upgrade, each sub-plantroom shall be 

connected to the site BMS to allow the site facility manager to monitor the working conditions and to set 

working schedules for minimise the primary energy consumption. 

6.3 Thermostatic Heads and Valves on Radiators 

To ensure a more precise temperature control and to achieve energy savings, where retained, existing 

radiators shall be equipped with thermostatic heads and valves where these are not already installed. 

7 Sub-options 

7.1 Buildings Requiring Redundancy (Island mode) 

Buildings D04, A60, A62 B53, B62, C65, B59F,18, F,13, F06, Z04, X01, X02, X04, X05, X06, X33, X39 shall be 

equipped with VRF or multi-room systems to achieve functional continuity during island mode. Back-up 

electricity is supplied using on-site diesel generators and shall be managed via the BMS.  

Works associated with the site generator upgrades have not been considered in this report. This work has 

been carried out by DJY who completed an electrical capacity assessment of the site. With the proposed 

concept design solution, the electrical load on-site is likely to increase. The electrical capacity of the 

generator should be cross-referenced with the new calculated electrical load and upgrades proposed if 

required. 

 

8 Assumptions/Clarifications 
1 All buildings currently using an electric heating strategy are to continue with this strategy and 

have no associated upgrade costs.  

2 Energy usage analysis has been undertaken based on earlier energy demand and 

consumption figures assessed in the site energy audit undertaken by Enercon in 2014.  Where 

applicable, these figures have been reconciled and adjusted to current energy consumption 

figures (coal and electricity) supplied by NZDF.  It is assumed that provided coal consumption 

data accounts for all ‘used’ energy (difference between coal storage level at the beginning and 

at the end of the reference year has not been considered in this report). 

3 The ROC cost estimate for the conversion/upgrade/replacement of existing heating systems 

serving the buildings across the camp includes: 

• Capital cost estimate 

• Design and consenting fees 

• Contingency  

• Escalation 

• Margins 

4 WSP have used the data provided by Chas. E. George & Sons as a basis for estimating upgrade 

costs on a square metre basis.  Capital cost information has been provided by mechanical 

equipment NZ supplier/distributor. This information was then used to revise the cost estimates 

supplied by NZDF. It is noted that ROC are purely indicative and shall be reviewed and 

confirmed by a Quantity Surveyor for final validation. 

5 Heating loads, fuel consumptions and CO2 emission figures calculated and percentage of 

carbon reduction provided within this memo are indicative only at this stage and are subject 

to further refinement as the design develops and more information becomes available. 
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1 Executive Summary 
This Detailed Design Features Report develops the options discussed in the Concept Design, 
Preliminary Design and Developed Design Summary Reports 

1.1 List of Changes 

Following an earlier DFR and Developed Design release, a design review was conducted by the 
Client to provide enhanced value solutions. A high-level summary of the changes made to the 
Developed and Detailed Designs since the original issue is outlined below: 

1 Building audits have been carried out for buildings that have existing heating solutions 
that operate independently from the central energy plant and are in adequate condition 
for continued use.  These buildings were identified by the Client in a workshop held on site 
and inspected in subsequent site visits.  Where available the end users of each space have 
been consulted to establish efficient, fit-for-purpose solutions for each space.  This has led 
to a reduction in new heat pumps proposed for several spaces, either because existing 
units can remain operational or because the end user has stated that no heating is 
required in certain zones. 

2 One example of a major reduction in scope brought on by Client feedback is the A61 Q-
Store area, where a new internal wall will be constructed to drastically limit the actively 
heated area in that building.  This allows a large reduction in heating capacity while 
providing improved comfort in the occupied zones. 

3 Where possible, several smaller heatpumps have been consolidated into fewer larger 
models.  This reduces the capital costs of heating systems for large rooms.  Potential 
downsides (less even heating, less occupant comfort) have been considered in dialogue 
with the Client. 

4 The number of grilles (inlet and outlet) have been reduced and duct runs have been 
simplified for packaged air handling solutions in larger buildings such as the B53 Officer’s 
Mess Hall.  This enables a cost save on material and installation labour costs. 

5 The B67 Barracks have been selected to be fully designed and installed first as a pilot to 
inform design and budget decisions for the other barracks buildings.  The design has been 
adjusted to optimize site installation of pipe runs. Updated pricing has been provided for 
the installation of the HVRF system in the B67 Barracks.  

6 The D04 Conference Centre has changed from retaining the existing radiators and 
installing a high temperature air source heat pump to a VRF system. This is to provide 
cooling, as well as heating, due to overheating of the building during summer months. 

7 The E04 plantroom which provides heating and domestic hot water to parts of the E block 
has changed from an LPG boiler to a high temperature air source heat pump (ASHP). 
When the E block is decommissioned this ASHP can be utilised elsewhere to provide 
efficient water and space heating. 

8 Pricing estimates provided in 2021 have been updated to reflect the increased material and 
equipment costs caused by the Covid-19 pandemic. 

1.2 Heating/ Air conditioning types developed are as follows: 

1 Direct refrigerant eXpansion (DX):  Unless by exception below, all buildings up to 20 kW 
heating load. 

2 HVRF (Hybrid Variable Refrigerant Flow):  Unless by exception below, all buildings over 20 
kW heating load, including barracks.  This was the preferred option of the Client from the 
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Preliminary Design Features Report, principally due to the poor condition of existing 
heating recirculation pipework serving radiators which precluded the use of air source heat 
pumps, with the added benefit of HVRF providing cooling. 

3 Exception:  ASHP (Air Sourced Heat Pump): ASHP is used for the C58 Gymnasium, where 
the existing field equipment and piping is in relatively good condition. It is also used in the 
E04 Medical Plantroom building serving the E block buildings in the short term only, as 
they are due to be decommissioned within the next few years. 

4 Exception:  PAC (Packaged Air Conditioner AHU): Packaged Air Conditioners are proposed 
for B53 B Block 600 person mess building 

5 Exception: VRF (Variable Refrigerant Flow): VRF systems are proposed for building B59  
Warrant Officers and Sergeants Mess and building D08 Camp Cinema – which previously 
were proposed to have PAC systems, and also building D04 which previously was proposed 
to have an ASHP system. The VRF system is more cost effective than the PAC system and 
suitable for buildings containing larger air conditioned rooms. The VRF system has the 
benefit of providing cooling as well as heating where the ASHP can only provide heating. 

6 Exception:  Electric Radiant Heating or temporary Indirect LPG or Diesel Heaters:  Electric 
radiant heating is proposed for warehouses and workshop type buildings.  These buildings 
are either earmarked for demolition (mostly by 2025), have intermittent usage, or are high 
ceiling or drafty spaces where radiant heating is required.  

While Direct electric heating has a lower efficiency (COP =1) than refrigerant based 
solutions, it also has significantly lower capital cost.  The benefit of radiant electric heating is 
that it can achieve spot heating and comfortable working conditions when and where 
required.  

The following buildings have been progressed with direct electric heating; 

(a) A62:  Q Store Armoury 
(b) F12:  3rd Combat Service Support Battalion Quartermaster Store 

For the buildings planned to be demolished mostly by 2025, the Client is looking at using 
temporary heating solutions based on mobile indirect LPG or Diesel heaters, eliminating 
the costs large electrical infrastructure upgrade required for electric radiant heaters. 
The following buildings have been progressed with temporary mobile indirect LPG or 
Diesel heating; 

(a) Z01:  Vehicle Services Workshop / Weapons ET Section 
(b) Z02:  3 Workshop Electrix 
(c) Z03:  GE Workshop / Autoparts 
(d) Z62:  Workshop Building 

 

2 Scope of this Detailed Design Report 
The scope of this Detailed Design Features Report includes; 

1 Options Progressed:  How options from the Preliminary Design Features Report were 
selected and progressed through to DetailedDesign 

2 BMS and HVAC Control Strategies. 
Utility Requirements, Schedule of Building Features:  The Schedule of Building Features 
appended to the Detailed Report has been updated to include electrical utility 
requirements for HVAC equipment and Domestic Hot Water (DHW). 
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3 Options Progressed in Detailed Design 
This section assumes the reader is familiar with the options put forward in the Concept and 
Preliminary Design report, including discussion on relative advantages and disadvantages, 
efficiencies and carbon footprints. 

3.1 Default Option for Buildings up to 20 kW Heating Load – Direct eXpansion 
(DX) Refrigerant Systems 

In line with the Preliminary Design Features Report, buildings up to 20 kW heating load 
have progressed to Detailed Design as DX heating systems as the default option, as the 
most economic capital / running cost option for electric based heating in this capacity 
range. 

The condition of existing DX systems in each building have been assessed and where 
possible they will be retained, leading to a significant reduction of new DX split systems 
required. 

Where possible, several smaller heatpumps have been consolidated into fewer larger 
models.  This reduces the capital costs of heating systems for large rooms.  Potential 
downsides (less even heating, less occupant comfort) have been considered in dialogue 
with the Client. 

Small spaces are served by single splits, with larger buildings within this capacity band 
being serviced by multi splits. 

This option has the added advantage of providing cooling. 

Where buildings have had to vary from this default option, they are detailed by exception in 
the sections below. 

3.2 Default Option for Buildings over 20 kW Heating Load – Hybrid Variable 
Refrigerant Flow (HVRF) Systems 

The Preliminary Design Features report discussed 3 general options for these larger 
buildings; 

(a) Single air source heat pump:  This option considered a single air source heat pump 
per building capable of producing 75°C water to feed directly into existing building 
comfort heating and calorifier networks.  This option made the most use of existing 
infrastructure, but ultimately still had the highest capital cost (air source plant which 
can generate at 75°C is expensive) and the highest running costs (air source heat 
pumps producing at 75°C have low efficiencies).  The option was further discounted 
when it was found that most building heating pipework systems are in poor 
condition requiring unspecified repair prior to re-use. 

(b) Dual temperature air source heat pump:  This option considered splitting air source 
heat pumps into two units, with a larger unit producing efficiently at 50°C for comfort 
heating and smaller unit producing at 75°C for domestic hot water demand only.  
New radiators would have been required in order to operate at the lower 50°C 
temperature, requiring minor work in occupied spaces.  This option had the highest 
efficiency and was the middle capital cost option, however was ultimately discounted 
when it was found that most building heating pipework systems are in poor 
condition requiring unspecified repair prior to re-use. 

(c) HVRF systems:  This option was put forward as an option with medium efficiency.  
HVRF is the only option which provides cooling but will require significant work inside 
occupied spaces, for the installation of indoor units, sensors, power and water 
reticulation. 
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In consultation, the Client has elected to proceed with HVRF as the default option for 
buildings over 20kW heating load. 

The B67 Barracks have been selected as a pilot to be fully designed and installed first to 
inform design and budget decisions for all other barracks buildings. The design has been 
adjusted in detail to optimize site installation of pipe runs. Updated pricing has been 
provided for the installation of the HVRF system in the B67 Barracks 

3.3 Design Exceptions 

Where buildings have had to vary from the above default option, they are detailed by 
exception in the sections below. 

3.3.1 Exception: Variable Refrigerant Flow (VRF) 

VRF systems are proposed for building B59 Warrant Officers and Sergeants Mess, building 
D08 Camp Cinema and D04 Conference Centre – which previously were proposed to have 
PAC systems or Air Source Heat Pumps.  The VRF system is more cost effective than the 
PAC, HVRF and ASHP systems and suitable for buildings containing larger air conditioned 
rooms.  

3.3.2 Exception:  Air Source Heat Pump (ASHP) 
High temperature Air Source Heat Pumps are used for the C58 Gymnasium building and 
E04 Medical Facilities Plantroom, where the existing field equipment and piping is in 
reasonably good condition.  

The high temperature heat pumps are able to supply heating water at 80~85 °C,  
temperatures similar to a classic boiler.  It is a new and rapidly evolving market with few 
suppliers offering reliable, NZ supported equipment.  The specified heat pumps became 
available in NZ in 2021 and are suitable for serving these two buildings. 

3.3.3 Exception:  Packaged Air Conditioning Air Handler Unit (PAC-AHU)  

Per discussion in the Preliminary Design Features Report, PAC-AHU is proposed for 
building B53  B Block 600 person mess which is a large open plan building that require 
high air flows; 
PAC systems initially proposed for other  buildings have changed to more cost effective 
systems types as shown below 

(d) B59:  Warrant Officers and Sergeants Mess – changed from PAC to VRF System 
(e) D04:  Camp Conference Facility – changed from PAC to VRF to provide heating and 

cooling capabilites. 
(f) D08:  Camp Cinema – changed from PAC to VRF System 

3.3.4 Exception:  Electric Radiant Heating or Temporary Indirect LPG or Diesel Heaters. 
Per discussion in the Preliminary Design Features Report, electric radiant heating is 
proposed for warehouses and workshop type buildings.  

These buildings are either earmarked for demolition (mostly by 2025), have intermittent 
usage, or are high ceiling or drafty spaces where radiant heating is required.  

While Direct electric heating has a lower efficiency (COP =1) than refrigerant based 
solutions, it also has significantly lower capital cost. The benefit of radiant electric heating is 
that it can achieve spot heating and comfortable working conditions when and where 
required. 

Radiant heating is also necessary in high ceiling or drafty spaces. 

The following buildings have been progressed with direct electric radiant heating; 
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(a) A62:  Q Store Armoury 
(b) F12:  3rd Combat Service Support Battalion Quartermaster Store 

For the buildings planned to be demolished mostly by 2025, the Client is looking at using 
temporary heating solutions based on mobile indirect LPG or Diesel heaters, eliminating 
the costs of significant electrical infrastructure upgrade required for electric radiant 
heaters. 

The following buildings have been progressed with mobile indirect LPG or Diesel heating; 

(a) Z01:  Vehicle Services Workshop / Weapons ET Section 
(b) Z02:  3 Workshop Electrix 
(c) Z03:  GE Workshop / Autoparts 
(d) Z62:  Workshop Building 
 

4 Building Management System (BMS) and HVAC 
Controls Strategies 

4.1 Control and BMS Infrastructure Options 

This section should be read in conjunction with the Building Management System Report Rev 1 
issue date 15 January 2021. 

A BMS is not essential for day-to-day control of mechanical systems, if building Programmable 
Logic Controllers (PLC’s) are provided at each building; 

1 Most equipment is provided with integral controllers to which field sensors are connected 
to allow their normal operation, e.g., HVRF systems are provided with integral controls, with 
the indoor units and room temperature sensors connected to the outdoor unit. 

2 A local building or ‘zone’ Programmable Logic Controller (PLC) is normally provided at each 
MSSB to allow time clock functions to be set globally for the building, and to allow 
equipment within the building to operate together, e.g. all equipment will stop when the 
building is scheduled to be unoccupied, kitchen supply fans will operate whenever the 
kitchen extract operates, etc. 

3 This local control is in any case preferable to central BMS control in case network 
connection is lost, allowing local systems to continue to operate.  Best practice is to use the 
site BMS only to monitor, log and change set points, rather than to provide control 
functionality to remote plant. 

A BMS is essential if the Client wishes to; 

1 Monitor the mechanical systems for faults, and easily re-set faulted equipment. 
2 Easily adjust set points or schedules, including scheduling the shutdown of a building 

when unoccupied. 
3 Monitor trends and make adjustments to achieve better energy efficiencies. 
4 Etc. 

The existing site BMS network is only extended to ~20 buildings by cable, and the front end is 
understood to have inadequate capacity for all of the proposed new HVAC systems.   

We propose a staged controls / BMS strategy for this site heating project which will allow the 
Client to progress based on affordability; 

1 At a minimum, provide PLC’s at each building MSSB to provide local control functionality, 
and to receive all local run / fault and space temperature information. 
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2 If and when affordable, connect these ‘zone PLC’s’ to a new central BMS, either via a cabled 
or radio transmitter network.  This is highly recommended to allow the efficient operation 
and monitoring of the site, and would preferably be installed as part of these contrct works. 

A complete BMS network, including integration of other building services such as electrical and 
lighting, may follow the diagram below; 

 

 

4.2 Existing BMS System 

The BMS is a Schneider Electric EcoStruxure system that controls the heating system for about 20 
buildings.  Another 6 buildings have standalone controllers.  
 
The Building Management System Report gives a detailed description of existing BMS expanse 
and functions. 
 
However due to the changes of the Mechanical Services, the BMS existing functions become 
unusable.  The only parts of existing BMS that may be reused are the controller hardware and the 
control wiring. 

4.3 HVAC control strategies 

The control strategies presented below for each type of system shall be progressed as Functional 
Descriptions during the Detailed Design phase.  

4.3.1 DX Split and Multisplit Units 
The units shall operate on programable time schedule with afterhours push button on 
timer (typically one hour). A BMS can monitor and log the units operation hours. 

4.3.2 HVRF and ASHP Systems 

HVRF and ASHP systems have their own proprietary controls and shall be connected by 
BACNET to the BMS.  
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Typically, all HVRF and ASHP operating parameters, warnings and alarms become available 
for monitoring and trend logging via a BMS. A number of setpoints can be remotely 
controlled via a BMS. 

4.3.3 PAC Systems 

PAC systems can be controlled by a local PLC controller and connected to a BMS server via 
BACNET. The control system programming shall allow for free cooling using variable rates 
of outdoor air. 

4.3.4 Direct Electric Radiant Heating Systems 

Radiant heating systems have a low energy efficiency.  Significant energy savings can be 
achieved by operating where and when required only. 

Electric Radiant Heating systems typically are controlled using local proprietary control 
equipment (controller, sensors, actuators).  

The temperature is controlled based on surface (floor) temperature readings by a specialist 
infrared sensor. 

For spaces with intermittent or rare occupancy presence sensors are used for starting/ 
stopping the radiant heating. 

 

5 Layouts, Schematics and Plant Schedules 
In Detailed Design WSP has selected all major equipment and indicated utilities and spatial 
requirements. 

Layouts, Schematics and Equipment schedules are shown for each building in the Detailed 
Design drawing set. 

Major piping and ducting types and routes are shown on the Detailed Design drawings.   

 

6 Utility Requirements 
Electric power requirements for each building are shown in the Schedule of Building Features in 
Appendix E.   

These figures shall be interpreted as total installed electric load of HVAC and DHW equipment. 

1 The total electric load for HVAC equipment is  1.40 MW 
2 The total electric load for DHW equipment is  0.37 MW 

The estimated diversity factor at site level ranges between 50% and 66%, being influenced by 
how the HVAC systems are operated by the Client. 

The Electrical Design will reflect lower diversified loads as calculated by the Electrical Engineer, 
rather than the total installed loads in the Mechanical Design. 
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