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Important to Note

The information included in this document gives guidance on how to apply Mitsubishi Electric’s QAHV heat pump. The sizing
of the system should be undertaken by a competent person where the selection has considered the load required according
to the intended use. The reader should note the specific differences between CO2 heat pumps and more traditional HFC type
heat pumps. A technical submission document should be issued with every product selection and forms part of the warranty
condition, please speak to a Mitsubishi Electric account manager or sales channel partner for more information. This
document should also be read in conjunction with the Databook, installation manual and service handbook. Mitsubishi Electric
accept no liability for system design and all information is provided in good faith. Any information reproduced has been done
so under the Open Government License (OGL) which can be viewed here:

https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/

Links to the databook, installation manual and service manual can be found below.

https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB Databook MEES21K138#page-1

https://library.mitsubishielectric.co.uk/pdf/book/QAHV N560YA HPB Installation Manual#page-1

https://library.mitsubishielectric.co.uk/pdf/book/QAHV N560YA HPB Service Manual#fpage-1



https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB_Databook_MEES21K138#page-1
https://library.mitsubishielectric.co.uk/pdf/book/QAHV_N560YA_HPB_Installation_Manual#page-1
https://library.mitsubishielectric.co.uk/pdf/book/QAHV_N560YA_HPB_Service_Manual#page-1
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1. Unit Description

The QAHV-N560-YA (QAHV) is a modular heat pump that has been developed specifically to generate hot water for sanitary
purposes. The QAHV unit uses ultra-low GWP CO2 (R744) refrigerant and is capable of flow temperatures from 55°C to 90°C
with high efficiency. The QAHV operates in a transcritical refrigerant cycle. This is where heat is rejected into the water by de-
superheating the CO2 vapour at supercritical pressure in a unique counter flow gas cooler. This cycle is why it is important to
target a low return temperature to the QAHYV, if the return temperature into the gas cooler is high then the ability to de-
superheat the refrigerant is reduced and so therefore is the capacity and efficiency. The guidance in this document aims to

provide application methods to reduce the return temperature to the QAHV.

2. Product Structure

The unit has a single fan deck with a bell mouth shaped hood achieving reduction in fan rotation resulting in reduced input
power to the fan. All major components such as the pump, compressor and control box are located and accessed via the front

panel.
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3.CAD /REVIT Files

Use the below link to access QAHV REVIT and CAD files.

https://www.mepcontent.com/en/bim-files/detail/27898/gahv-n560ya-hpb--bs-/?type=article &ref=mepcontent&clc=WW

4.Basic System Configuration Types

This application guidance considers two main application configurations, as per the below.

Instantaneous DHW with Thermal Store

Cold mains water is passed through a plate heat exchanger to generate hot water for sanitary use. The mains cold water

exchanges heat with water drawn, using a third-party pump, from the top of a thermal store with the return going back into

the bottom of the store. The temperature in the thermal store is maintained by the QAHV.

The benefit of this system type is the reduced risk and mitigation measures required to manage legionella. There is also no

need for the thermal stores to be WRAS approved. The drawback of this system is that the design and control of the plate heat

exchanger and pump must be managed by a third party. The QAHV package in this system type is only maintaining the

temperature in the thermal stores.

MEU = UK -8R - TSA-4

2. Package to be supplied by third party, The 'lead' plate heat exchanger should be sized to the peak load of the buildings intended use. Third par iivert returning water to the i temperature as shown, if above nEnll_EchanllscHl
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Potable Store with Plate Heat Exchanger

Cold mains water is fed into the bottom of the potable storage vessel whilst hot water is drawn from the top of the vessel to

the outlets. To heat the potable store, cold water is drawn from the bottom of the vessel to the plate heat exchanger using a

pump controlled by the QAHV, the cold water exchanges heat across the plate with the flow from the QAHV and is delivered

into the top of the potable store. The QAHV has its own integral pump and manages the speed of both pumps based on the

temperature and flow rates measured using the Mitsubishi Electric Q-1SCK kit.

The benefit of this system is that all control is provided by Mitsubishi Electric equipment and can be seen as a single package.

The potable store, plate heat exchanger and secondary side pump are third party items and must be selected by a competent

person.

The drawback of this system is the management of legionella bacteria growth in the potable store. This system type also

requires more accessories.

THERNAL STORE THERMISTORS
3WAY VALVE CONTROL

SECONDARY SIDE PUMP CONTROL (0-10v)
‘SECONDARY SIDE THERMTOR

‘SECONDARY SIDE FLOW SENSOR

m ""‘ﬁ

Pre-Commissioning of Pipework Systems, BSRIA Guide. BG50/2013 - Water Treatment for Closed Heating & Cooling Systems, CIBSE Commissioning Code W - Water distribution systems, CIBSE Heat Networks: Code of Practice for the UK CP12015.
11, The contractor should make the necessary arrangements to ensure the design of the system meets the requirement of the application and comply with all current building regulations.
12. Allelectrical work must be carried out in accordance with the current version of BS7671.
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5. Instantaneous Sanitary Hot Water with Thermal Store Application

The instantaneous sanitary hot water with thermal store application needs to consider the following points in the design

process.

e  Peak load calculation (primary/secondary)
e  Plate heat exchanger design

e  Pump control

e Thermal store sizing

e QAHV selection

. Hot water return strategy

Please see appendix 1 and 2 for example detailed schematics.

5.1 Peak Load Calculation

The peak load of the building (secondary side) must be calculated for the intended use by a competent person. The secondary
side peak load is the maximum hot water demand required to be delivered to the hot water outlets for a defined period, Table
2.10 from CIBSE Guide G provides guidance of peak hot water demand depending on building usage. For example, CIBSE Guide
G recommends that the peak hot water period in a 4/5 star hotel will last for 1 hour and the design should allow for 35-50
litres per person. Therefore, 100 guests using 35 litres during the peak period would result in 3,500 litres of water being used
at 60°C supply temperature in 1 hour. To deliver this the hot water system must be able to deliver 0.972 litres per second,

lifting from mains cold water to 60°C.

The plate heat exchanger must be sized to be able to deliver the peak load and is a third party supply item. If it is assumed
that, in the example above, the mains cold water is 10°C, then the plate heat exchanger would need to deliver 203.1kW of

capacity.

The design of plate heat exchanger must also consider the approach temperature. The approach temperature is the difference
between the temperature supplied into the plate from the thermal store and the hot water supply temperature from the plate
heat exchanger. The smaller the approach the more efficient the heat exchange process is and the larger the heat exchange
surface. For example, if the plate has an approach of 15°K then we would need to store at least 75°C temperature water in

the thermal store to deliver 60°C to the outlets.

To deliver the required capacity on the secondary side, a calculation of the required primary side capacity must be undertaken.
The plate heat exchanger manufacturer should be able provide the requirements of the primary side temperature and flow
rate, for example Table 1 below shows the secondary side peak load (draw off capacity) and how much primary side load
(heating water demand) is required at different defined storage temperature (65-90°C). For the example above, the primary
side would need to deliver approximately 59.5 |/m to deliver the 0.972 I/s (58 I/m) of secondary side load with a thermal

storage temperature of 75°C.
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Heating of potable water 10 °C to 60 °C
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Table 1 - Draw off capacity and Heating Water Demand

The temperature delivered to the plate heat exchanger from the thermal store will also affect the return temperature to the
store. Table 2 below shows an example data set describing the relationship of the secondary side peak load (draw off capacity)
and the temperature returned to the thermal store (return temperature) for various primary side flow temperatures (65-
90°C). For example, if a primary side flow temperature of 75°C is used then the plate heat exchanger will return approximately
27°C to the thermal store. The return temperature to the thermal store will change depending on the demand on the
secondary side and this level of information should be able to be provided by the plate heat exchanger manufacturer. This

information is important to understand when sizing the QAHV’s for recovery time.
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5.2 Thermal Store Sizing

The thermal store needs to be able to deliver the calculated primary load for the peak period. Based on the example of a 1
hour peak period the thermal store would need to deliver 3,570 litres of water at 75°C. It is recommended that the thermal
store be sized 30% larger than the peak period, this is to ensure that there is a percentage of the thermal store that can be
stored at a lower temperature and therefore achieve stratification. For this example, the total thermal store volume should

be at least 4,641 litres.

Consideration must be given to the number of vessels used to store the required volume; it is recommended that the volume
is divided equally across at least 2 vessels with the majority of 30% extra storage in a dedicated ‘stratified’ store to promote
stratification. For example, the 4,641 litres required in the above example could be delivered using 4 no. 1250 litre vessels (as

per below), with the first 4 vessels in the series being kept at 75°C and the last store being stratified.

FROM QAHV(S)

o o o O [ONNNE o O - TO PHEX(S)
1250L 1250L 1250L 12501
THERMAL THERMAL THERMAL THERMAL
STORE STORE STORE STORE
(STRATIFIED) (LOAD) {LOAD) (LOAD)

TO QAHV(S) - o O o 0O ! o O o G

- FROM PHEX(S)

Fig 1 — Thermal store design example

5.3 Pump Control

A pump is required on the primary side of the plate heat exchanger to circulate the required load between the stores and the
plate heat exchanger. The duty of the pump should be controlled based on the flow temperature of the sanitary hot water,
for example, if the temperature at T1 increases above the set point (60°C in the example here) then the duty of the pump can
reduce to reduce capacity delivered across the plate exchanger. This control helps to reduce energy usage and maintain low
return temperatures during periods of low load. The pump needs to be sized to be able to deliver the required primary flow

rate and overcome the resistance of the plate heat exchanger, pipework, bends and valves etc.

T

N
./

PHEX &
CONTROLS

Fig 2 — Primary pump control example
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5.4 QAHV Selection

The sizing of the plate heat exchanger, thermal store and pump is made to ensure that the peak period can be met. The sizing
of the QAHV must be made to ensure an adequate recovery time can be met to be able to meet the peak period and other
load periods during the day. CIBSE Guide G provides guidance on target recovery times for different building types, for example
for a 5-star hotel CIBSE Guide G recommends a recovery of 1-hour. However, it is strongly recommended that analysis should
be made by the designer to understand the daily load profile to ensure the correct sizing of the QAHV’s to meet the required

recovery.

For example, to recover 3,570 litres of water from 27°C to 75°C in 1 hour would require 199kW of capacity, this would require
6 no. QAHV units. If it is confirmed, by the designer, that a 2-hour recovery time is appropriate then that same example will
require 99.5kW of capacity which would require 3 no. QAHV units. Capacity tables to enable basic product selection appear in
the QAHV Databook which can be found using the below link. The QAHV must be selected to meet the required capacity
output at the worst case external ambient temperature. Please speak to Mitsubishi Electric to request a technical selection

based on your project requirements.

https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB Databook MEES21K138#page-12-13

5.5 Hot Water Return

Consideration must be made to hot water return on the primary and secondary side, it is important to try and limit the amount
of high temperature water returning to the ‘stratified’ thermal store. Current HSE guidance states that the temperature within
the hot water return pipe should not be less than 50°C (55°C for healthcare applications). There are three methods that can

be used on the secondary (potable) side:

- Dedicated hot water return PHEX method (preferred)
- Flow sensor/switch method

- Alternative method

In the ‘Dedicated hot water return PHEX method’ an independent plate heat exchanger is installed to provide capacity to the
returning hot water. It is recommended that the primary flow is delivered from the main hot water distribution pipe and the
primary return is delivered back to the last ‘load’ store in the series. This dedicated plate heat exchanger should be sized to
recover the heat loss of the recirculation system, which will vary depending on the length, size and insulation of the pipework.
It is recommended that the pump between the thermal stores and the dedicated hot water return plate heat exchanger is
controlled based on the flow temperature from the dedicated hot water return PHEX, if it is measured that the temperature
in the hot water return pipework is less than 50°C (*55°C in healthcare) then the pump should operate to draw capacity from

the thermal store. The following shows a schematic layout of the ‘Dedicated hot water return PHEX method’.


https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB_Databook_MEES21K138#page-12-13
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Fig 3 — Dedicated hot water return PHEX method example

In the “flow sensor/switch method’ it is recommended that a flow sensor/switch is installed in the position shown below. When
the flow sensor/switch detects flow on the incoming mains the control package should stop the operation of the hot water
return pump. This will allow the best opportunity for a colder return temperature to the bottom of the ‘Stratified Thermal

Store’ to maintain capacity and efficiency of the system.
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Fig 4 - Flow sensor/switch method example
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In the ‘alternative method’ the hot water return pipework bypasses the plate heat exchanger. The temperature in the hot

water return pipework is maintained above 50°C (*55°C in healthcare) by an alternative heating method, this could be an

electric element, trace heating, an additional heat pump or other method depending on the capacity required. This alternative

heating method should be sized to recover the heat loss of the recirculation system, which will vary depending on the length,

size and insulation of the pipework.
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Fig 5 — Alternative method example

To protect stratification in the thermal store during periods of low demand (using all 3 of the above methods) it is

recommended to install a 3-way temperature controlled diverter valve, shown above. The valve should divert water to the last

‘load” store in the series if the temperature is above 30°C, if the temperature is less than 30°C then the return is piped into

the bottom of the ‘stratified’ tank.

10
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6. Potable Store with PHEX Application

The potable store with plate heat exchanger application needs to consider the following points in the design process.

e  Hot water load calculation
e  Potable store size

e QAHV selection

e  Plate heat exchanger design
e  Minimum primary volume
e  Secondary side control

. Hot water return strategy

Please see appendix 3 and 4 for example detailed schematics.

6.1 Hot Water Load Calculation

The hot water load of the building must be calculated for the intended use by a competent person. Table 2.11 from CIBSE
Guide G provides recommendations for how much hot water will be used during a 24-hour period for various types of buildings
and use. For example, CIBSE guide G suggests that a single person, staying in a 5 star hotel, will use 136 litres of water at 65°C
during a 24-hour period. Therefore, 100 guests (excluding any restaurant requirement) would use 13,600 litres of hot water
during a 24-hour period. The designer should carefully consider how this total hot water load will be spread across the day as

it will have an impact on hot water storage, recovery time and therefore the amount of QAHV’s required.

When assessing the hot water production requirements for a building it is also necessary to determine the peak demand. The
peak demand is the volume of hot water required during the building's period of greatest usage. This may be over an hour, or

shorter period dependant on the occupants and activities taking place.

6.2 Potable Store Size

The amount of stored potable hot water required to be able to deliver this load should be carefully considered and the designer
should consider the required recovery time for the intended use. Table 2.11 of CISBE Guide G provides recommendations on
the required storage to meet the 24-hour hot water usage, based on a 2 hour recovery time. For example, CIBSE guide G
suggests that 45 litres of 65°C hot water per person should be stored in a 5-star hotel. Therefore, 100 guests would require a
potable store of 4,500 litres at 65°C. It is recommended that the potable store be sized 30% larger than required, this is to
ensure that there is a percentage of the potable store that can be stored at a lower temperature and achieve stratification.

For this example, the total potable store volume should be at least 5,850 litres.
It should also be checked that this volume is suitable to cover the peak demand.

Consideration must be given to the number of vessels used to store the required volume, it is recommended that the volume
is divided equally across at least 2 vessels with the majority of 30% extra storage in a dedicated ‘stratified’ vessel to promote
stratification. For example, the 5,850 litres required in the above example could be delivered using 4 no. 1500 litre vessels (as

per below), with the first 3 vessels in the series being kept at 65°C and the last store being stratified.

11
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Fig 6 — Thermal store design example

6.3 QAHV Selection

The hot water load calculation and potable store sizing is made to ensure that the requirement for the intended use can be
met. The sizing of the QAHV must be made to ensure an adequate recovery time can be met. CIBSE Guide G recommends a
recovery of 2 hours. However, it is strongly recommended that analysis should be made by the designer to understand the

daily load profile and peak load to ensure the correct sizing of the QAHV’s to meet the required recovery.

For example, to recover 4,500 litres of water from 10°C to 65°C in 2 hours would require 146.6kW of capacity, this would
require 5 no. QAHV units. If it is confirmed, by the designer, that a 3-hour recovery time is appropriate then that same example
will require 95.8kW of capacity which would require 3 no. QAHV units. Capacity tables to enable basic product selection appear
in the QAHV Databook which can be found using the below link. The QAHV must be selected to meet the required capacity

output at the worst case external ambient temperature. Please contact Mitsubishi Electric for full technical selections.

https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB Databook MEES21K138#page-12-13

6.4 Plate Heat Exchanger Design

A plate heat exchanger must be used to create a primary and secondary side. The plate heat exchanger should be sized to
deliver 40kW based on the required secondary side flow temperature with a main cold water inlet into the secondary side.
The approach of the plate heat exchanger should not be more than 5°K. Each QAHV in the system will require it’s own 40kW
plate heat exchanger. Based on the above example of needing to lift water from 10°C to 65°C the follow advice would be

recommended.

Heat exchanger capacity = 40kW

Secondary side outlet hot water temperature = 65°C
QAHV outlet hot water temperature = 70°C
Secondary side inlet water temperature = 10°C

QAHYV inlet water temperature = 15°C

S e o A

Used flow rate = 10.4 I/m

It is important that the plate heat exchanger has a shearing stress higher of 16Pa or higher at the required flow rate. A

shearing stress of 16 Pa or higher is required to reduce the amount of scale that adheres. The plate heat exchanger should
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also be capable of allowing a maximum flow rate up to 30l/m. The flow rate will only ever be at maximum when the return

temperature to the QAHV is approximately 63°C, during this period the capacity available will reduce.

6.4 Minimum Primary Volume

Each QAHV requires a 40 litre minimum circuit volume. A volumiser should be added to the primary water circuit as per the

below.

PRV/SV %
QAHY MAIN UNIT / ?ﬂ L\ L AR/ORT
Y SEPERATOR
Xooc

B | 40kW
v PHEX
A '
W
—_— | - VOLUMISER
v -
r 5 oi }7“ v R —
o e
[=]
=
EXPANSION
VESSEL
'
L
| |
_/
A
. NEY I IV
PRIMARY SIDE ) ] o] e ]

FILLING LOOP ©

Fig 7 — Minimum primary volume example
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6.5 Secondary Side Pump & Control

The QAHV controls the flow rate on the secondary of the plate heat exchanger by monitoring the flow rate and flow

temperature and adjusting the duty of the secondary side pump, the below show a schematic representation.

SECONDARY SIDE PUMP CONTROL (0-10V)

SECONDARY SIDE THERMISTOR

; . SECONDARY SIDE FLOW SENSOR
A
O by Q B
T | 7
3 T AdLT - e 10 POTABLE
. n
PRY/SV X T wort STORE
AV ) gr SEPERATOR
X 00C
wr \ A 400
ot v PHEX
]
e FROM POTABLE
foord (A" VOLUMISER - o .i) -
oi ‘ FLOW B STORE
g4 SENSOR
EXPANSION
VESSEL
2
\ J
A
PRIMARY SIDE 1) NRv W v
TN

FILLING LooP  ({

Fig 8 — Secondary side pump, flow sensor and thermistor example

The QAHV operates both sides of the plate heat exchanger to ensure that the secondary side flow temperature is in accordance
with the set point. Therefore, the flow rate on the secondary side is adjusted to ensure the target flow temperature is achieved,
if the return temperature to the plate heat exchanger increases then the QAHV will increase the flow rate to maintain the
delta T and capacity. The primary side pump is inside the QAHV and requires no additional selection or commissioning. The

secondary side pump is field supplied and must be selected to ensure the below:

It has adequate head to overcome the resistance in the pipe work and plate heat exchanger etc.
It can operate with a range of 3-30l/m

It can accept a 0-10V input control signal

> owonNoe

It can output a constant 10, 12 or 24V* to the QAHV terminal board.

*Note that if only a 24V output is available from the pump then a DC to DC convertor must be used to drop the voltage to 10
or 12V.

The temperature and flow are monitored on the secondary side using the Mitsubishi Electric Q-1SCK kit. This kit contains a

TH-TW16-E wet pocket senser and inline flow sensor, installation details can be found below.

https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB Databook MEES21K138#page-10-11.
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Additionally, a 2-port or 3-way valve can be used to control the flow on the secondary side. In this case, the QAHV will control
an actuator on the 2/3-port valve using a 0-10V control signal and provide the pump with an ON/OFF signal. Detail can be

found in the product Databook.

https://library.mitsubishielectric.co.uk/pdf/book/QAHV-N560YA-HPB Databook MEES21K138#page-42-43

6.6 Hot Water Return Strategy

Consideration must be made to hot water return on the potable side, it is important to try and limit the amount of high
temperature water returning to the ‘stratified’ store. Current HSE guidance states that the temperature within the hot water
return pipe should not be less than 50°C (55°C for healthcare applications). There are two methods that can be used on the

potable side;

- Standard method

- Alternative method

In the ‘standard method’ the hot water return is pumped back into the bottom of the first ‘load’ store as shown below.

FROM THE PHEX

/N
1
oz A
o
A
m L
RETURN e :\
wE '
SO &
POTABLE
STORE
{LOAD)
s
77l‘€ (}h
o
W =1
0 O
EXPANSION
VESSEL
-
(STRATIFIED) ) e oo
MANS
- SO Oy - Lot QD
TO THE PHEX 7 N PRY
g

Fig 9 — Standard method example
It is not advised to pump this back into any other load tanks as this can generate a bypass circuit between the first store and

any stores between as shown below. This can happen when the flow rate of the hot water return pump is higher than the

combined QAHV flow rate and the system is operating in hot water recovery mode.
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W
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RATE OF HOT o
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POTABLE Yy
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(STRATIFIED) A tooe
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€ < by GOD
3 © % = e )
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Fig 10 — Possible bypass circuit example

In the ‘alternative method’ the hot water return pipework bypasses the potable store. The temperature in the hot water return
pipework is maintained above 50°C (*55°C in healthcare) by an alternative heating method, this could be an electric element
or other method depending on the capacity required. This alternative heating method should be sized to recover the heat loss

of the distribution system, which will vary depending on the length, size and insulation of the pipework.

FROM TO HOT WATER
PHEX "ow OUTLETS
25
gm HOT WATER
> A
- HEATER @; -
TO/FROM
NEXT STORE

Fig 11 — Alternative method example
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7. Anti-freeze Control

The QAHV heat-pump is an externally located unit. Therefore, the water in the pipework between the internally located hot
water stores and the heat pump is at risk of freezing. The QAHV has several potential countermeasures which are outlined

below.

OUTSIDE INSIDE
Ve Ve
ST
_;ﬁ_'_
PR - s -
QRHV MAIN UNIT v Oy
e THERMAL
STORE
@ (LOAD)
s SIS |
E—
e Oy
e I
) C
THERMAL
i STORE
(STRATIFIED)
L GO -
8

Fig 12 — Anti-freeze risk example

7.1 Countermeasure 1. Pump will run when pipe-freezing risk is detected.

This is the default factory setting if no further frost protection is provided. Inside the QAHV there are 3 sensors used for anti-

freeze mode initiation:

. TH12, Inlet water temperature
. TH11, Outlet water temperature
3 TH9, External temperature

If either of TH11 or TH12 are below 3C AND TH9 is below 1C, then the pump will operate circulating water between the cylinder
and the heat pump until either TH11 or TH12 has reached 5C. Heat will be drawn from the cylinder to raise the pipe

temperature.
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TH8 O
QAHV MAIN UNIT
o Ny | -
TH11
s
TH12
i N | -

Fig 13 — Location of sensors

7.2 Countermeasure 2. Compressor and Pump will run when pipe-freezing risk is detected.

In addition to countermeasure 1, if dip switch SW2-5 is set to ‘ON’ then the compressor will operate to add heat.

7.3 Countermeasure 3. 3-way valve

When anti-freeze mode is engaged as described in countermeasure 1, contacts at terminal TB8, connections 86 and 87 will be
closed (non-voltage). This can be used to drive an external 3 way valve to divert the cold water into a different location in the

hot water cylinder. This prevents cold water being pumped into the top of the ‘load’ store as shown below.

o N 3-WAY VALVE CONTROL
: L
QAHY MAIN UNIT e O%
Y
| THERMAL
STORE
(LOAD)
1 ]—F'Jul
- N A
WA
O O
THERMAL
i Y STORE
(STRATIFIED)
O
N @ Gl\f

Fig 14 — 3-way valve anti-freeze example
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7.4 Countermeasure 4. Trace heating.

A third party trace heating system could be used to trace heat the external pipe-work when, say, the external temperature

dropped below 5C.

Glycol is commonly used to prevent freezing, but it is not recommended. A large volume of propylene glycol would need to
be used in this case. The high temperatures that the QAHV can achieve may cause the glycol to decompose. Organic glycols
can corrode copper due to oxidation at high temperatures. Any degradation in the initial quality of the glycol, and the change

in viscosity with temperature, will cause errors as the QAHV unit creates a flow rate map during initial commissioning.

8. Piping Design

8.1 Pipe Sizing

The QAHV contains an internal inverter driven pump. It is not recommended to exceed a total of 60m equivalent pipe length
between the QAHV and stores or secondary plate heat exchanger. The below table shows the pressure loss and flow velocities
for various sizes of water pipe (copper) using a water temperature of 70°C. It is recommended that 28mm (OD) is used to each
QAHV, to maintain a pressure loss of < 350 Pa/m and maintain the water velocity between 0.5 — 1.5 m/s. If multiple QAHV’s
are installed together (using the Instantaneous Sanitary Hot Water with Thermal Store Application) then the pipework should

be sized appropriately.

Flow Rate (I/m) Pipe OD (mm) Pressure Loss (Pa/m) Flow Velocity (m/s)
22 413 0.89
14 28 119 0.53
35 42 0.34
22 1166 1.59
30 28 335 0.95
35 117 0.61

Table 3 — Pressure loss and flow velocity at 14l/m and peak (30l/m) flow rates for a single QAHV unit with pipe sizes 22mm

0D, 28mm OD and 35mm OD, copper pipe to table X dimensions.
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8.2 Pump Curve

The below displays the available external head of the internal pump.

120
100
80
60
40

20

External Available Pump Pressure kPa

0 5 10 15 20 25 30 35
Flow Rate I/m

Fig 15 — Available external pump head

The total head available from the pump is 85kPa at 14 I/m flow rate. However, the designer must understand that the peak

flow rate may be 30 I/m if the return temperature increases towards 63°C.

9. Unit Control

The QAHV uses sensors for detecting temperatures at different points in the stores, which in turn are used to start and stop
the QAHV heat pump. The TW-TH16-E sensors are wet pocket (i.e. come into direct contact with the water) which use RC 1/2

inch screw connections.

167 42

o6
a10

- Resistance: R =15 kQ + 3% (0°C)
- B-constant: 3460 K

Fig 16 — TW-TH16-E external temperature sensor (TH15, TH16, TH17 and TH18)
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There are 2 methods that can be used when using the TW-TH16-E sensors:

e  The 3-sensor method

e  The 6-sensor method

9.1 The 3-sensor method

The 3-sensor method uses 3 no. TW-TH16-E sensors to measure the temperature in 3 different locations across the stores.
The 3-sensor method is only recommended when using 2 stores in series, it is recommended that 2 sensors (TH15 & TH16)

are installed in the ‘load’ store and 1 sensor (TH17) in the ‘stratified’ store as per the below.

STORE THERMISTORS

o |
QAHV MAIN UNIT = W (E}W =
-7
THERMAL TH1S
STORE
(LOAD)

TH16

w5

THERMAL
i STORE
(STRATIFIED)

TH17

Fig 17 — 3-sensor method example
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9.2 The 6-sensor method

The 6-sensor method uses 6 no. TW-TH16-E sensors to measure the temperature in 6 different locations across the stores.

The 6-sensor method can only be used when there is 2 or more QAHV’s installed, the below shows an example of how the

sensors could be installed when using 3 stores in series.

THERMAL STORE THERMISTORS

ras Py
ST
S
Y -
QAHV MAIN UNIT OO
] 4( T
| THERMAL THIS
— b STORE
A (LOAD)
—— S | 'H:lﬁ
. | W
0 O
0
. )} THERMAL
i (© sTORE
THERMISTORS
| | \ i o )
— O O
QAHV SUB UNIT ]
THERMAL THI7 0 508
STORE 2
(P T (LOAD) (€ o o
a —m
w e TH15(1)
— U0 | i O
L3 1 Y
0 O
—+—m
i Tg%ggéL TH16(1)
(STRATIFIED)
-—
0 THI7(1)
0 G -

Fig 18 — 6-sensor method

9.3 Control strategy

There are 5 variables that can changed at point of commissioning to control the temperature in the stores.
e  Hot water storage target temperature. The hot water storage target temperature should be set in accordance with
the proposed design, this can be set between 40 —90°C.
e Thermo on position. The ‘thermo on’ position is the sensor location used to trigger the QAHV(s) to operate and
recover the hot water storage target temperature. This can be either TH15, TH16 or TH17.

e Thermo off position. The ‘thermo off’ position is the sensor location used to trigger the QAHV(s) to stop operation.

This can be either TH15, TH16 or TH17.

e  Temperature differential. The change in temperature from the ‘hot water storage target’ used to trigger a ‘thermo

on’ command. This can be set from 0 — 30°K.

e Number of control modes. The QAHV can allow a maximum of 3 different control modes. A control mode is a defined

‘thermo on’ position, ‘thermo off’ position and ‘temperature differential’.
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If using the guidance from the above sections for hot water storage design, it is recommended that the ‘thermo on’ and
‘thermo off’ is triggered using a sensor positioned towards the bottom of the last ‘load’ store. In the 3 and 6-sensor examples

shown here it would be recommended that TH16 and TH15(1) are used respectively.

The QAHV(s) would therefore heat the stores until TH16 or TH15(1) had reached the ‘hot water storage target temperature’,
for example 65°C. The QAHV(s) will remain off until TH16 or TH15(1) sensor reads less than the ‘hot water storage target
temperature’ minus the ‘differential temperature’. For example, where the temperature differential is 10°K and the hot water

storage target temperature is 65°C, heating will restart when the TH16 or TH15(1) sensor has reached 55°C.
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10. BMS Points Register

The below table provides basic information on some available readable and writable points for QAHV. More information can

be found in the MelcoBEMS MINI interface manual using the below link.

https://library.mitsubishielectric.co.uk/pdf/book/MELCOBEMS MINI _A1M ATW Modbus Register Tables.pdf#page-1

Register Name Readable Writable
Fault/Error Yes No
System On/Off Yes Yes
Operating Mode Yes Yes
Hot water storage target temperature (Thermo Off) Yes Yes
Capacity Mode Yes Yes
Capacity Control Ratio Yes Yes
Defrost Operation Yes No
Compressor Frequency Yes No
Outdoor Ambient Temperature Yes No
Flow Temperature Yes No
Return Temperature Yes No
TH15 Sensor Temperature (External Water Temperature 1) Yes No
TH17 Sensor Temperature (External Water Temperature 3) Yes No
TH15(1) Sensor Temperature (External Water Temperature 4) Yes No
TH17(1) Sensor Temperature (External Water Temperature 6) Yes No
Pump Operation Yes No
3-way Valve Control Operation Yes No
Evaporating Temperature Yes No
Condensing Temperature Yes No

Table 4 — BMS points (not exclusive)
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Appendix 1 - Single QAHV with Thermal Store and Instant PHEX
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Appendix 3 - Single QAHV with Potable Store

L —¥Sd—AHTO—4N—N3IN
[ e “T£9258 JO UGISIIA JUBLIND BU) UM 3IUBPIOIIL U] INO PaLIILD 3G ISNW I0M [BILIBR )Y 2T
T T i TR *suope|ngas Suip|ing uaLna e yum Aidwod pue uonealidde 3y jo Juswalnbas ay) s13aw wa)shs ay) Jo uSisap ay) aInsua 0) sJUBWABURLIE AIBSSAIAU BY) BNEW PINOYS JORAUCI BYL  TT
o " e *STOZ TdD YN 3Y1 10 30112814 JO BPOY :SHIOMIAN JeaH 3581 SWalshs UOINGLISIP JaJeA - M BPO) SuluoIssILLWO) 3581) ‘swalshs Suijoo? g Buiieay paso|) Joj Juaweall Jalep - £102/0598 “aPING Y1ySg ‘SWalshs yiomadid Jo BulLoISsIWWO)-ald
- TT02/6298 2PN Y1458 ‘Buluoissiwwo) Waishs 1a1e) - 0T0Z/Z98 3PIND IYSE 03 PajIul| 10U Ing ‘se yans ‘sauljaping aajoesd pooS AJSnpul y3im 82UBPIDIIE Ul PAUOISSILULIOD PUE Pajlelsul ‘paudisap aq pinoys swalshs @iem ||y 0T
“SYIUN J00PING 341 PUNOJE BUNYI3]|07 WOJJ 31RSUSPUI WU3A3Id 0) BpeW 3q pinoys uoisinoid alenbapy '
YAQISN=AHYD *dS8 You1 % 51 3215 peasyy Josuas 1dod 13m 3yL “uofisod gTHL 18 31015 WYY Peo], 3} J0 W00 3y wo) pasaBEi 3q pNoys o pUe Uo 0WIBYL SI0SUSS 133200 13M I-GTHL-ML BIA P3[|0AU0D 3q pinoys ainjesadws) juiod 135 juel g
‘31015 PALYIRIIS, B J0j MO|[E 01 31015 PRO|, 341 Ag PRISAISP 30 01 3|qE 3¢ PINoYs peo yead painbal 3y L "uoliedyiens 38eIn0IuS 0 J3PIO LI pue 35N papualul sUIP|ING Syl Jo peo| yead 3y 133W 01 3|qe 3q 0] PAUTIS3P pUe PIYI3[IS 3G ISNW SYUeL L
531135 U1 p3|[15U] 3q pnoys syuel g
“X3Hd 03 AHYD woJj y38ua| Juajeanba wg Jo 3UelS|p WnWIXeW ‘W/|/T 18 peay [euaixe Ydyz . 3pinoad o3 3jqe 5| pue (w/|pg-0) paads ajqerea s| dwnd apis Alewnd [ewaul AHYD 'S
“AHWD Y1 Aq pajj03u0a ing payddns pjay a.e (poylaw aaneusalje ayl ul umoys) anea Jod 7 pue dwnd apis Asepuodas ‘anjea Sulianip Aem-gayl ¢
par “AHYO 343 Ag pajjo:3uod pue 31133(3 IYsiqnsyN Aq paijddns aJe s103s1uLEY £ THL PUE 9THL ‘STHL ‘[H0ISIWIBYY STHL B 40SUAS MO 1 YDST-D YL €
SWNILSAS TWININNOHIANT DNIAIT ‘paJinbas Ayzeded uo Suipuadap poyiaw J3Y10 10 JUSWA|3 3L11IA|3 UB AQ ParI3s 3g N0 ASa1e.ls UINJal Jajem JOY ABUII) U} Ul UmaYS Jajeay, 3yl 7
21410313 ‘Juawn3op 33ueping uonedlddy AHYD, $I193[3 1YSIGNSHIA YIM UoIIUNIU0D Ul PR3l 3G PINOYS JNewayds siyL  °T
3H0LS LN W HEL-D S310N
Houd/0L 0I5 Hoss AHVD 0L
NNy J1avlod -
YLV L0H 3 wows ™ Wk @ -
43 23
S& oz
SI3UN0 M & aHd 34015 AHYD
MAIVM 10H OL WO 1av10d 0L Woud
HOSNIS MO 30IS AMVONOOZS
. A9ILVALS NENL3Y H3LvA LOH JALWNMILIY HOLSIMIHL 3015 AHVONODES
AN NN SUVISOMSHL _wb._ TO4INOD ADI-0 180T 3015 AMVONOOIS
%m TOHINDD 440/NO dNd 30IS AMYONODIS
3w shonzs Bunssd 1] a4 M N . p I0HINOD MOT4 30IS AYYONOO3S IALYNNILTY
0D - D) (K
M35 JUNIR3NEL LIHL
) o—
- =3 .
dnnd e
> L S (Gaswes)
7 38015 - ]
39N¥9 3UNSSIed H; AdvHiEd 0L ) TEviod &H‘/
@ -
TSI 3 5/ N \J
oitey gl L NOISNYXA |M>w\
o TBAY 25 b NHNLFY
HILVM w/sdsee [s/ussg
S BIS 10H
s ~
I AL AS VM H.m vs -
w N
. " s | EITOn " 2y Ma PR T—
WA A NN R « .\.].E@ ] _! n
L (avon) e th
w05 1w g —EC F0LS = XAHd "
#4100 440 MIFHO 200 A SIHL J18Y.L0d \ﬁ m WP . p fu ZHOSIN+dUIAS L ¥
T 0
A INLYICSI & |_% Ks/rd 5 HOIVIES M \f
, R 5 e ol Axla/en L %5__5__ LN NIV AHYD
LNTA BV DUYNOLYY N M_ o - ) BIHL L 1
aN393T M w @ - Jscc [s/wgEa-600 T B J
i WWEz [£/150-5010 N |
HOSNIS MO 3015 ANONOD3S : ’ HATIOHINGS NN
I ——
e : HOLSIMIHL 305 AVONDITS
(A01-0) TOMINGD dMNd 30IS AUVONGO3S
TOUINOD INTHA A¥H—E
SHOLSIAMIHL LS WIHIHL
7 z | =S d=AHYD—HN—N3N
oz 3w e

27



Appendix 4 — Multiple QAHV with Potable Store

Application Guide

zmﬁ Z=W5d=AHYO=3N Uﬁ; “T£9£S8 4O UOISIBA JUSLINI 3Y) LM 3IUEPIOIIL U| INO PLLIED 3 JSNLU XIOM [eIRB I  "ZT
i 3030 _ e _ e s “suoije|nda) Buipjing Jua.nd ||e yum Ajdwod pue uoijedrjdde auy jo Juswauinbal auy s1eaw washs ayy jo ugisap ays ainsua 0} sjuawaBuese Alessadau ayy W pjnoys Jopenuod ayl  TT
0 MO o A _ 'STOZ TdD N Y1 10} 32010844 JO 3P0 :SYIOMIBN JeaH 35g[D ‘swaishs uonnguisip Jatem - p apo) Suluoissiwwie) 3581 ‘swaishs Buljoo) 1§ Suneay paso|) Joj uawieal] JaieM - €107/0598 "3PIND YI¥Se ‘swaisAs yiomadig jo Buiuoissiwwo)-aid
- TT07/6298 3PING WIYSE ‘BulUOISSIWIWO) WalsAS J31BM - 0TOZ/ZO8 3PIND WIYSE 101 PaNILI| 10U I ‘S8 4INs !Sauljaping 3a113eld pood ALSNpUl LM 33UBPI0IIE U] PIUOISSILILIOD PUE P3|[EISUL ‘PRUSISAp 3G PINOYS SWRIsAs JR1eM Iy 0T
*S}IUN JOOPING 3y} pUnose Buj1a||07 WO AJesuapuod Juana.d o) apew ag pjnoys uojsiaoid alenbapy 6
*dS@ Youl % s 3215 peasy) Josuas 3xdod Jam ayL ‘Uosod (T)STHL 3& 24015 [EWI3Y} PEO], AUY JO LON0G AU} Woj paiadaLi) aq PINOYS L0 PUE U0 WAL 'SI0SU3S 134200 13M 3-GTHL-ML BIA P3)|03U0d 3q pinoys ainlesadwal juiod Jas yue| '8
‘31035 PAIYIIEIIS, B JOJ MO|[E 0} 210)S PEO|, 3y} AQ pa.ani|ap aq 0} 3|qe ag pjnoys peo| yead paiinbas 3y ‘uoijedyess a8eIN0IUa 01 JBpJo Uj pUE 3sn papualul sSuipjing ayy jo peo) yead ay} JaaLu 0} 3|qe g 0} PAUBISAp PUE PaYIF|As aq JNW Syuel 'L
T *S31435 Ul P3||EISUI 3q pinoys SyueL 9
103K S0id Um 20ks 21a0iod “X3Hd 03 AHYD Woug yiBua| Juajeainba wpg o 3IUBISIP LNWIXEW ‘W/|/ T 18 Peay [euIa)xa Y,/ apinoid 01 ajqe st pue (w/|oe-p) paads ajgeuen si dwnd apis Aewud U@l AHYD 'S
— “"AHYD 243 Aq pajjoauoa g payddns pjay aJe (poyiaw anneusalje 3y ul umoys) anjea Jod z pue dwnd apis Alepucdas ‘anjea uianip Aem-gayl  f
*AHYD 343 Aq pajj0uod pue 143313 1ysIGnsuiA Aq paijddns 3Je S103s|wsay3 (T)LTHL Pue (T)9THL (T)STHL LTHL ‘9THL 'STHL (101siwayl 8THL 8 JOSUas Mojy) Iy YIST-D YL €
PP — “paJinbal Ayveded Uo Suipuadap PoyIaL JaUI0 JO JUBLIB[R J13D3j3 Ue Ag panias aq pnod ABa1ells LINJaJ J3JeM JOU BAINEUIIYE BUY Ul UMOYS Jajeay, 3yl 7
JUSWNI0p 33ueping uoedyddy AHYD, S2U19313 YSIGNSHIA YIIM UOIIUNIUY Ul Pe3J 3G pInoys JeWBYIS SIYL T
214193713
IHSIGNS 1IN N
S310N

e [owelen] Wowa | 13 s b [

L1 1 | 8
RG> (ol [ |
SEUN0. m
M 10H 0L

aHd
o |
ASUVHLS NHMUSE HIUYM JOH AUVNGELTY
I onoon awvisomare.
[1]
" b
WA ONNOT FuNSSId [0 e Md RN
T L b ; y
o 2 24 D - LSRN
e (o
HOSNS. FuNLdaL } = L, |
pout ] O (o3uves)
T o = (VoA Fuols A
And g [ | JwEviod )
- =" S
399 NS5 \m, o e
@
Bw
W NN
W i
2NNOD TWHAY 04 bl O G
o4 -
s
HINWALS HIS B T ]
415
{avo)
ey 3H0IS
I IS S % o | Tl \_w
o AE—E
ey . o
WA NAEH NON AN [ © -
Dm
o g o2
AT HO HRED 200 55 5
A Lo ot
I NS <) - -~
1N3R MY HLNOLNY {avon)
Fevisa | A
| D
G
b o 6 pauo ™

ey o
[rppn

sbuwnsp dogs 0 e Ju Busuausuns
s sy s s 0 Gus s 1o
Buweip TS 10N 00 "I v
PO SRARMIO TR Wt 1 20 5

ey o Bus
s s By o SR

g 0 Sow pasodond s

U IR KD 0 0TNIE 4L ‘SHOISHREHL IS TREHL .
30 ApSO Jeu PRINpOMR) B0 Jou WEnu 4 —¥Sd—AHYD—3N—T
SN 40 Aol a5 Busnp s utios oty s3ewom_onwesn

28



Application Guide

Appendix 5 — Wiring Example

MI—AHYO=XN-N3IN

|
3 HIBNON_INMTED

_ NIYRD T NFYHD T
o a3omo | 1 Dhos30 N

Z20Z 3NN, _ [
Ao 3215 TINDRIO a:

VACISN=AHYO IHSIBNSLIN
ONIHIM T04INOD
TuL

193°08d

3w

SIW3LSAS TVLNIWNOHIANI ONIAIT

J14.10313
IHSIGNSLIN

F | o3 | 13

[ 11 |

9 a1 uBisp fou v
21a0ab 0 BuRoRs

s WBsap 51 S|

Eanoip doys 1o wow Luo

20 pip

wsansyn o Asedosd

uoj303uUL0Y
SW8 louoldo

duwnd ay) wouy Apdauip uaxe) aq ued siy) “dwind 3pis Alepu0das 3y JO 3}eJ MO} 3y} [03U0D 03 3|qe 3¢ 03 J3PJO Ul OT-98 L [euIwL3) 03 Indul AQT+ e s3JInbal AHYD

239313 1YSIGNSHIA AQ SIDY POLRAW J0sU3S § 10 € se paijddns pue $105U3s 3-9THL-ML 342 LTHL, Pue ITHL, ‘STHL, Way|

“XXXXXX WOJj 3|qeJIBAE S| JUSWNJ0P SIY ] ‘JUSINIOP 3IUBPING Uonedljddy AHYD, SI14133]3 1YSIGNSII Y3LM UoRdUN[U0D Ul Peal 3 PInoys INBWayds siyL

QOHL3W 3¥0LS 318VYL0d ¥04 AINO
= — — — - IHL |

BIHL
dWnd 30IS HOSN3S
A¥VONOD3S MO
| T

“Pasn 3 pnoYs JOU3AU0I -) e Uay) Indino ApZ e apiroid Ajuo ued dwnd ay) Ji ‘3jqejiee si 3l i

“Aju0 24035 [BULIBY) JOJ P3SN SI [0J3U0I BA[BA AeM-€ 3y |
“wayl Aved payy e si dwnd apjs Asepuodas

“21393[3 14s1gnsHIN Ag payiddns pue 3% ¥DST-D 3y3 0 Syuauodwiod 3Je Josuas THL, Pue YOSNIS MOTH, YL

N NS

S3ION

AoiCoge  |uivaue oNLYI05) _@©®_ _@ 3/®_ _@@@W@@@@_ _®@7
Wo08E I "linoun %0 ||
s | peel el | - - = ==
iMod ONINU
AVHOVIA ONIMIM (91—5) LINN 8NnS
QOHL3N 3HOLS 318YLOd ¥04 ATNO QOHLIN ¥OSN3S 9 ¥04
uoI308UU0Y r - BIHL | T LML 9IHL  SIHL
ezl (%] b b o
ANYONOD3S MO
S W O U 1 L T
ININ ;
e = o s
NOOOHd = [T
(%3 2 ,m
m "m mn g &
& &8 [
HOLMS 6R an @ D D 68 62) 7 s
e —— 6o Bos Bo6] Dvoseves [@8
. BT - |
s | e me |1 - - = =
| | |Honecel |
304, ONIUA
N WYHOVId ONI¥IM (2) LINN 8ns
Lkl [
QOHL3N 3HOLS 318YL0d ¥04 AINO QOHLIN ¥OSN3S 9/€ ¥04 JOMLNOD IATVA AVM—E
uopsauuoy = = = . - 8L UL 9L SIHL i — = =
N T SR
39¥1I0A NON
8 Kol O R O 1 1 B O, i S
ININ T
e = |9 1=
NOJOHd T 1L [#=
WY 2 ,mm
Bag i
EREPEE ] ¥3TIOHLNOD
== NIV
HOLWS a0 D @D 6D @ 50
Pt o ¥iv3na [ [ONLY0S] v ey _ _@ & _,n._\_ 1
WeOSE Inowo || wo || o8l val
s g
HMOd! ONII

=AHYD=XN-N.

HIANON 9

29



MITSUBISHI
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Changes for the Better

Telephone: 01707 282880

email: livingenvironmentalsystems@meuk.mee.com
les.mitsubishielectric.co.uk

@mevk les Mitsubishi Blectric Living Mitsubishi Electric mitsubishielectricuk_les mitsubishielectric2 thehub. mitsubishielectric.co.uk
@green_gateway « Environmental Systems UK Cooling and Heating UK

UNITED KINGDOM Mitsubishi Electric Europe Living Environmental Systems Division
Travellers Lane, Hatfield, Hertfordshire, AL10 8XB, England. Telephone: 01707 282880 Fax: 01707 278881

IRELAND Mitsubishi Electric Europe
Westgate Business Park, Ballymount, Dublin 24, Ireland. Telephone: (01) 419 8800 Fax: (01) 419 8830 International code: (003531)

Country of origin: United Kingdom - ltaly - Turkey - Japan - Thailand - Malaysia. ©Mitsubishi Electric Europe 2022. Mitsubishi and Mitsubishi Electric are trademarks of Mitsubishi Electric Europe
B.V. The company reserves the right to make any variation in technical specification to the equipment described, or to withdraw or replace products without prior notification or public
announcement. Mitsubishi Electric is constantly developing and improving its products. All descriptions, illustrations, drawings and specifications in this publication present only general
particulars and shall not form part of any contract. All goods are supplied subject to the Company’s General Conditions of Sale, a copy of which is available on request. Third-party product
and brand names may be trademarks or registered trademarks of their respective owners.

Note: Refer to ‘Installation Manual’ and ‘Instruction Book” for further “Technical Information’. The fuse rating is for guidance only and please refer to the relevant databook for detailed specification.
Itis the responsibility of a qualified electrician/electrical engineer to select the correct cable size and fuse rating based on current regulation and site specific conditions. Mitsubishi Electric’s air
conditioning equipment and heat pump systems contain a fluorinated greenhouse gas, R410A (GWP:2088), R32 (GWP:675), R407C (GWP:1774), R134a (GWP:1430), R513A (GWP:631),
R454B (GWP:466), R1234ze (GWP:7) or R1234yf (GWP:4), *These GWP values are based on Regulation (EU) No 517/2014 from IPCC 4th edition. In case of Regulation (EU) No.626/2011
from IPCC 3rd edition, these are as follows, R410A (GWP;1975), R32 (GWP:550), R407C (GWP;1650) or R134a (GWP:1300),
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