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1.

Introduction

Refrigeration systems with transcritical CO,
have been taking market shares in recent years.
Transcritical systems are now everyday business
and the technology is mature.

Front End
AK-5M BDDA

The application guideline contains a short
background on the theory behind heat reclaim
in transcritical systems and how to correctly
select the Danfoss Heat Recovery Unit to get the
highest overall system efficiency. It also covers
setup procedures for the Danfoss Heat Recovery
Unit (HRU), dedicated configuration settings
related to interactions with the Danfoss Pack
Controller AK-PC 782A and integration with the
Danfoss Front End system AKSM 800A as well.

Heat Recovery Unit
HRU

Pack Controller
AK-PCT7B2A
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1.1 Properties of carbon
dioxide

Carbon dioxide CO, is a natural substance that
plays an important role in many natural and
industrial processes. In nature, carbon dioxide
plays a role in photosynthesis in plants and is one
of the most important contributors to the global
warming effect. In industry, carbon dioxide is
used as dry ice for transport cooling, to generate
the sparkling effect in some beverages, and as a
protection.

It is odorless, non-flammable, and non-toxic, but
if the concentration of carbon dioxide rises above
the natural level in atmospheric air, it will cause
the human breathing rate to increase. It is heavier
than air, so if large quantities escape in a closed
room the highest concentrations will typically be
found close to the floor.

When carbon dioxide is used as a refrigerant it is
often referred to by its refrigerant number R744.

Figure 1. shows a phase diagram of R744.The
three well-known phases: solid, liquid and vapor
are shown as colored areas. A phase change occurs
when a process crosses a boundary between areas
like evaporation or condensation for a process
crossing the boundary between liquid and vapor
phases. At the boundaries, the two phases exist in
equilibrium, and properties, such as temperature
and pressure, become dependent. The boundary
line between liquid and vapor are often referred to
as the vapor pressure curve.

Pressure

Two important state points are marked in the
figure: the triple point and the critical point.

The triple point represents the condition where
all three phases can co-exist in equilibrium. At
temperatures below the triple point temperature,
liquid cannot exist - in other words the triple
point temperature sets the lower temperature
limit for any heat transfer process based on
evaporation or condensation. At the other end of
the vapor pressure curve, the critical point marks
the upper limit for heat transfer processes based
on evaporation or condensation.

At temperatures and pressures higher than those
at the critical point, no clear distinction can be
drawn between what is called liquid and what

is called vapor. Thus, there is a region extending
indefinitely upward from, and indefinitely to

the right of, the critical point - and this region

is called the fluid region. The fluid region is
bounded by lines that do not represent phase
changes, but which conform to arbitrary
definitions of what is considered a liquid and
what is considered vapor. A condition in the fluid
region is referred to as a supercritical condition -
or very often also as a gas condition.

All substances have a triple point and a critical
point, but for most of the substances used as
refrigerants, the triple point and critical point are
found for conditions that lie outside the region
where they are normally used.

Log p,h-Diagram of CO,
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Figure 1.: Phase diagram for R-744
source DKRCI.PZ.000.F1.02 / 520H3002

Enthalpy
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1.2 Heatrecoveryin CO,

transcritical systems

In normal systems with condensing refrigerants, The pressure in the gas cooler is controlled by
pressure and temperature are tied together, but
in transcritical systems pressure and temperature

the Vhp valve. Regulation must have inputs from
both a pressure transmitter Pgc and a temperature
can be controlled individually. This gives some
possibilities regarding heat reclaim.

sensor out of gas cooler Sgc. Both must be fitted in
the outlet and it is very important to install sensor
) . . ) Sgc immediately after the gas cooler.
During normal operation without heat reclaim,
the high pressure is kept at a level where the
optimum COP is obtained. Please observe the red
line in Figure 2.
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Figure 2.: Optimum COP line with dependency upon temperature out of gas cooler
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If the gas can be routed outside of the gas cooler
by V3gc valve, a Shp sensor must be installed. If
the Shp sensor measures too high a temperature,
the gases will be routed through the gas cooler
again. This is done automatically by a pack
controller AK-PC 782A. During cold periods, if

ambient temperatures allow, the pressure is
typically kept at minimum 48 bar ~ 9 °C or higher.
At this pressure there is very limited potential for
heat reclaim. If the pressure is raised, the amount
of heat that can be reclaimed and the achieved
water temperature increase.

6 | AB417146452873en-010201
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Example: In a heating system, there is a request
to heat recirculating water from return tem-
perature 27°C to supply temperature 55°C. The
ambient temperature is below 5°C, enabling

a low temperature out of the gas cooler. Heat
load on the system needs to be reclaimed with
the lowest possible energy consumption. The

<5C e

temperature difference of the heat reclaim HX is
set to 5 K at the outlet. The temperature out of
the gas cooler is kept at 9°Cin all modes where
the gas cooler is active. By getting more heat
recovery request, the temperature out of the gas
cooler will be increased up to the optimum COP
line, reaching Maximum Heat Recovery opera-
tion mode.

Under these conditions, the discharge tempera-
ture from the compressors is approx. 50°C and
therefore it is not possible to produce 55°C hot
water. To make the system able to deliver 55°C,
the discharge pressure needs to be higher and
therefore the pressure needs to be raised.

At 50 bar high pressure, the discharge tempera-
ture is around 55°C and therefore it is possible to
start reclaiming heat from the system, but there
is not enough temperature difference on the
heat exchanger. By increasing the pressure fur-
ther, the amount of heat taken out of the system
increases.

Further increasing pressure in the gas cooler, the
heat reclaim ratio and discharge temperature
increase.
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Keeping the same temperature out of the gas
cooler and 80 bar in the gas cooler, approxi-
mately 73% of the heat is reclaimed at a cooling
COP of 3.3.

To increase the heat reclaim ratio, the tempera-
ture out of the gas cooler can be increased by
slowing down the fan speed. As the last stage,
the gas cooler can be completely bypassed. By
doing this, the ratio will go to 100% because
there is no heat loss to the ambient, and all heat
is reclaimed.

This process will engage more compressors in
operation to compensate lower refrigeration
efficiency as a result of a higher gas fraction in
the receiver. By performing this mode, more heat
can be transferred to the water system.

Since the heat output from the system varies
with the pressure, it is interesting to look at how
heating COP changes.

In normal operation, the system operates with
highest efficiency following an optimal COP
pressure curve (in this example: 48 bar). This
means that no matter how much heat we pull
out of the system, it will consume energy for
keeping cooling demand. Therefore, the heat-
ing COP of the system is calculated taking heat
recovery capacity divided with the extra energy
consumed by the compressors. This is done be-
cause then it is possible to compare the heating
COP with alternative heating sources.
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The heat recovery ratio is the ratio between the sure cannot be decreased, and therefore this will

maximum heat available and the heat used. not affect the heating COP.

The heating COP varies with the ambient tem- This analysis was done with ambient tempera-
perature. At high ambient temperatures, the tures below approximately 5°C. In normal opera-
compressor work used for refrigeration is higher  tion, temperature out of the gas cooler is 9°C and
and therefore the compressor work for heating pressure in the gas cooler 48 bar(a).

is less. At lower ambient temperatures, the pres-

Sgc? Shr22 Pgc? COE‘" HcegtF::g COI?‘” COoP? HR ratio
°C °C bar(a) Cooling Standard Heating System %
9 32 48 6,9 8
9 32 50 6,4 10
9 32 55 55 1,0 49 6,5 16
9 32 60 4,8 1,3 4,1 6,1 21
9 32 65 4,3 1,5 4,0 5,8 27
9 32 70 4,0 1,8 41 5,8 35
9 32 75 3,7 2,4 5,1 6,1 50
9 32 80 3,4 3,3 6,5 6,7 73

31,4 32 80 2,3 3,3 49 5,6 98
32 32 80 2,2 3,3 49 55 100

1) Sgc - temperature out of gas cooler

2) Shr2 — temperature out of heat recovery exchanger

3) Pgc — pressure in the gas cooler

4) COP Cooling - cooling capacity divided by total electrical energy for compressors

5) COP Heating Standard — heating capacity divided by total electrical energy for compressors

6) COP Heating - heating capacity divided by additional electrical energy for compressors
because of heat recovery operation mode

7) COP system = COP Cooling + COP Heating Standard

8,0
7,0
6,0
5,0 —@— COP Cooling

4,0 —@— Heat Std

copr

30 —@— COP Heating

2,0 —@— COP Sys

1,0

0,0
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2. Precondition for
installing HRU

2.1 Mandatory
preconditions for
installation

2.2 Important
preconditions for
optimal operation

Installation of the HRU requires fulfilment of
different preconditions in cooling and heating
systems.

To install HRU, some conditions must be met:

The CO,/water heat recovery heat exchanger must be installed on refrigeration rack

Motorized 3-way valve must be installed on refrigeration system to bypass

CO; heat exchanger when there is no need for heat recovery.

A 0-10 VDC circuit must be established between the HRU and the refrigeration controller.

Safety valve must be installed on heat recovery circuit — as close as possible to CO, heat exchanger.
4 sensors on the CO, heat exchanger must be mounted.

Main heating pump P1 size must be determined in relation to the system’s peak effect/power
and must be able to supply entire installation, and the HRU. If P1 is an existing pump, it must

be checked if it can deliver the flow when the HRU's pressure loss is added to the system.

In central heating systems, the volume of the expansion tank must include HRU. A 2-tank solution
requires approx. 401 extra volume. In an existing installation, it is important to check whether

the expansion tank volume is sufficient. A manometer and safety valve must also be fitted.
Cooling pack must be set to heat recovery.

To ensure stable and efficient operation of HRU and refrigeration system, the below conditions
should be fulfilled:

The CO, heat exchanger should be sized for nominal operating

parameters of the heat recovery circuit

The CO, heat exchanger and high-pressure piping from the compressor must be insulated
Vibration dampers should be fitted between the CO, heat

exchanger and the fixed plumbing installation

Balancing valve on heat reclaim circuit should be mounted

Heating, ventilation, and domestic hot water systems must be

configured to ensure lowest possible return temperature.

It should be ensured that operation of the cooling system is optimized to

avoid excessive starting and stopping of the cooling compressors.

10 | AB417146452873en-010201
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2.3 CO:2 heat exchanger
sizing

2.4 Recommended
dimensioning
temperatures in heating
system

2.4.1 Recommended
dimensioning
temperatures

2.4.2 Return temperature
limitation valve

Sizing of a CO, heat exchanger is crucial for an efficient heat recovery process. If too small, a heat ex-
changer will not recover all the available energy during peak load condition for a refrigeration system.

Danfoss recommendation is to use in calculation max. pressure and temperature of the CO2 in tran-
scritical operation mode. CO2 mass flow should be equal to max. winter condition for stores without
heat resale and maximum compressors capacity for stores with heat resale. For the water side, the in-
let temperature should be equal to the design return temperature from the heating system. To store
more energy in buffer tanks, the water outlet temperature should be at least 40°C higher than the
inlet temperature, but not higher than 85°C. For the highest efficiency, the temperature difference
between water inlet and CO, outlet should not be higher than 5°C.

X +40°C s4 s11 Y°C

< T — <

Water coO2

X°C s10 S2 X+5°C
z 2
> = >
X - heating return water temp.
Y - CO2 temp. at max. operating pressure

To ensure the highest possible heat recovery, the return temperature from the heating system should
be as low as possible. This can be achieved by sizing heat consumers' circuits with recommended
temperatures (based on heat consumer type) or by using return temp. limitation valves (enough heat
needs to be ensured in peak load conditions).

In new heating installations, recommended design parameters should be max:

Heat consumer circuit: Flow temperature: Return temperature:
Radiators 60 30
Floor heating 45 25
Ventilation 60 30
Domestic hot water 65 25

Lowering the heating return temperature increases efficiency, but will require more heating surfaces.

In existing buildings, it is important to optimize heating systems with regard to water flow, and set-
tings in electronic controllers for heating, ventilation, and domestic hot water systems. The return
temperature should be lowered as much as possible, while ensuring that enough heat will be deliv-
ered to consumers in peak load condition.

Installation of the return temperature limitation valve, like Danfoss NovoCon® AB-QM, can increase
heating system efficiency. By extending the delta T of the heat consumer, less flow is required to
deliver the same amount of energy.

Larger temperature span requires more heating surface, so before installation of a return temperature

limitation valve, the heating system must be checked to ensure that enough energy will be available
in peak load condition if new operating parameters apply.

© Danfoss | DCS-SGDPT/PL | 2023.05
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3. How to control the heat In CO, systems, the higher pressure and temperature makes it possible to recover heat for tap water
recovery process in CO2 and heating. Regulation is carried out during transcritical and subcritical states and the controller will
transcritical systems? control the gas pressure/condensing pressure so that the system achieves the optimum COP when

the recovered heat is taken into account.

The Heat Recovery circuit will take the energy it needs. If there is then any excess energy, this is re-
moved via the gas cooler. There must be a cooling requirement in order to supply for heat recovery.

Sc3 el

Shrg

There are safety functions for the individual regulation functions, for example:

+ Boiling at Shr3, Shr4 and Shr8

+ An Shr3 temperature must be lower than the gas temperature that can be sent into the heat ex-
changer. If the Shr3 temperature is higher, the heat recovery circuit is not enabled.

Shr2: CO, temperature after the heat recovery exchanger
Shr3: Heat exchanger cold water access temperature
Shr4: Heat exchanger hot water outlet temperature

Shr8: Hot water temperature in the tank or after the tank
Sd: Compressor CO, discharge temperature

Sc3: Ambient temperature

Sgc: CO, temperature after the gas cooler

Shp: CO, temperature after gas cooler bypass connection
Pc: CO, compressor discharge pressure

Pgc: Pressure in the gas cooler

Prec: Pressure in CO, receiver

V3hr: Heat recovery 3-way valve

V3gc: Gas cooler 3-way bypass valve

Vhp: High pressure expansion valve

Vrec: Gas bypass expansion valve

Regulation in the pack controller AK-PC 782A/B
can be carried out using one of the following three principles when the circuit calls for heat:

1. Basic control (no HP offset).
2. Heat reclaim mode: Hp offset and temperature reference
3. Heat reclaim mode: Max. heat reclaim

12| AB417146452873en-010201 © Danfoss | DCS-SGDPT/PL | 2023.05
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In systems where a Danfoss Heat Recovery Unit (HRU) will be installed, it is mandatory to select 3rd
option Maximum Heat Recovery, because the regulation is solely based on the external heat request
(consumer request) on an analogue input and a start signal on a digital input. Note, there is no active
thermostat control for the heat recovery mode. To prevent any boiling in the system, the heat recov-
ery will be stopped as soon as any of the Shr3, Shr4 or Shr8 temperatures are above 95 °C.

An external ECL heat controller installed on the HRU will send a heat request signal between 0 and
10 Vin relation to heating demand 0 to 100%, which will be used to start the following functions in
order to achieve maximum heat recovery:

1. Signal on DI input for heat recovery is received (mandatory, to enable the function) and the refer-
ence for the pressure Pgc is increased to “Pgc HR min.”

2. The external voltage signal is registered (the higher the value, the greater the need for heat). The
signal is converted by the controller to 0-100% capacity and will have the following impact:

2/3 IE] 8
Sgc ref 100%
offset 13
0%
Sqc ref
ch reﬂ Max
offset
Min ael
Q
o
» -
Pump E S ANCS
Gas c.
bypass
5% 10% 25% 70% 80% 95%
HR request
5%  HRstop limit 70% Ref offset high
10% HR start limit 80% V3gc bypass stop limit
25% Ref offset low 95% V3gc bypass start limit

a. ON/OFF control of pump and by-pass valve V3hr The pump is released to start, when the request
signal reaches the “HR start limit” and the by-pass valve V3hr opens for the heat recovery. The
valve V3hr goes into "bypass" when the "HR stop limit" is reached, and the pump is stopped after
180 sec.

b. Pressure and temperature increase The pressure is measured with the pressure transmitter Pgc
and controlled with the High pressure valve Vhp. Depending on the Heat request, the pressure
reference “Pgc HR ref” will be raised from “Pgc HR min” to “Pgc HR Max". After reaching the "Pgc
HR max", then “Sgc ref” is raised from “Sgc min” to “Sgc max”. The consequence of the increased
gas cooler reference is a decrease in the fan speed. (Min. Sgc is calculated by the controller based
on the receiver pressure reference that has been set).

c1. V3gcis modulating: The controller controls the fans and the valve, to maintain energy optimized
control (bypassing of the gas cooler will only be allowed when the fans are at 0% and vice versa).
Shp is the control sensor when the gascooler is bypassed.

c2. V3gcis set to an on/off valve (see illustration): the fans will be stopped and the valve V3gc routes
the gas outside the gas cooler. If the HR request is between V3gc bypass stop limit & V3gc bypass
start limit, the V3gc won't bypass unless Shr2 & Sgc are lower than "TC max HR".

The “Heat recovery status” picture shows the current regulation status.

Relay output (additional heat output)

A relay can be reserved that will pull in if the received signal exceeds 9.5 V (4.75 V) for more than 10
minutes. The relay will be cut out when the signal is lower than 9.3 V (4.65 V). The relay is defined in
the function: “Additional heat output”, and can be used to start e.g., a heat pump evaporator.

© Danfoss | DCS-SGDPT/PL | 2023.05 AB417146452873en-010201 | 13
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Start conditions
The following conditions must be fulfilled in order to start the heat reclaim function:

1. External heat request via the digital input
2. Pump Control mode is set to “Auto”
3. At least one MT compressor must have been running for at least 2 minutes
4."Sd MT” must be higher than Shr3 brine temp.
If “Control signal” = “S8"” or “S4”, then “Sd must be higher than (Shr3 +1K)
If “Control signal” = “Shr4 - Shr3”, then “Sd must be higher than (Shr3 + Delta T)
5. Shr2 is higher than “TC HR max” (default 27 °C)
6. All sensors are OK
7. The “Anti boiling” is not active

When all conditions are fulfilled, the following start sequence will be carried out:

1. The pump will be started when the heat request is higher than “HR start limit” (if not already run-
ning)

2. The flow switch will report “Flow OK”, if mounted

3. The bypass valve will switch position and the discharge gas will be looped through the heat ex-
changer

Stop conditions

The heat recovery will be stopped at one of the following conditions:

1. The external heat request signal on the Dl is stopped

2.The analogue heat request signal goes below “HR stop limit”

3. The “Pump control mode” is set to OFF

4. Last MT compressor stops

5.The "Sd MT” discharge temperature is below the “Shr3” temperature

6. The “Shr2" is lower than the set saturated temperatures of the set
minimum gas cooler pressure limit “TC HR min” (default 27 °C)

7. Anti-boiling safety is active

8.0ne or more of the relevant sensors are defective

When one of the stop conditions is active, the following stop sequence will be initiated:

1. The three-way valve V3hr will switch position and bypass the gas

2.The pump will continue to run 240 sec. in order to remove the excessive heat in the heat exchanger.
If a new heat request arises within the 240 sec., the pump will keep running.

4. HRUin detail
4.1 Description

The Heat Recovery Unit is designed to utilise excess heat from CO, refrigeration plants in supermar-
kets. It prioritises heating of own plant before sales of excess energy, e.g. to a district heating network.

3-way valve
= R 2 e
R e SR g . - .
’-4/ ‘ Water circuit ﬁ& ‘ ﬁ& ‘q
' Gas cooler I —— ! S% ‘ ! %% ‘
Heat distribution circuit | Ventilation system

CO; circuit

i l Heating system
—_—

Heat Recovery Unit oE,

——
Hot water

—

| 258
gha

Compressor Pack

To balance different usage patterns (temperatures and heating requirements) on the heating side and
the production of excess heat on the cooling side, the unit has been designed as a buffer charging
circuit. This results in very stable and uniform charging, also ensuring a long service life for the CO,
heat exchanger.

The flow temperature from the HRU unit is controlled by the building requirements (heating, do-
mestic hot water, or ventilation), either by external temperature, via signals from other ECLs or via
Modbus from an existing SCADA system.

In the event of possible sale of excess heat to the district heating network or other buyers, this can be
managed in such a way that a constant temperature is supplied to those buyers.

The HRU unit can send a reference signal to the cooling plant indicating how much heat can be ac-
cumulated.

14 | AB417146452873en-010201
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4.2 Control strategy

Unit can be split into 2 main circuits: heating circuit (on top) and heat recovery circuit (on bottom).

23.0°C (i s1 |
B8
Mi== o
S (20)ec by
> fd {H—
»~
M2
44.1 o
(50.0) oC 5 R 46.0 °C S7
|- X = S <
I 95.01/h, :
(100.0) /h F2 1,611.0 /hF1
= —=
V3 0.0% ...oC V2 0.0% 64.9 °C o
b e (68.0) o¢ %2 S11  69.9°C
— _@_ 61.5°C
s6
(65.0) °C
’ )
V170 %
S9 v4 15.5%
E fl_ 3 44.7 °CS10 S2 k- R+
> > > ===
==
Heating circuit Heat recovery circuit Heat resale circuit 889.0 I/h F3
== =g = =
= => ==
C P501.12 example a

If the temperature in the tank (S6) is lower than the set point (which is visible in the bracket), ECL
Controller sends 2 Volt signal to the pack controller. This is information that HRU can collect heat and
3-way valve on cooling pack needs to direct CO, flow through the heat exchanger. At the same time,
pump P3 is started. It adjusts the flow through the HEX to achieve the right charging temperature. If
on the lowest possible flow, charging temp. cannot be reached, ECL raises signal to the cooling pack
to 10 V. It is information for pack controller to increase the pressure in the CO, circuit to boost the CO,
temp. If both tanks will be filled with hot water, ECL will send 0V signal to pack controller. It means
that 3-way valve needs to bypass the CO, HEX and pump P3 will be also stopped.

When hot water is stored in the tank, it can be used in heating consumers' circuits. The mixing valve
M1 will adjust flow temperature to required level by mixing hot water from tanks with cold return wa-
ter from heating circuits. If there is not enough heat in the tanks, HRU will add energy from auxiliary
heat source. Flow temperature is then controlled by M2 valve on the primary return line. If we have
more energy than needed, then M2 valve will be closed.

If more heat than is currently used for internal purposes is available, excess heat can be sold to the
district heating network or local consumers. First the pump P4 on the primary side is started to
overcome the pressure in the district heating network. When the flow in this circuit occurs (indicated
by signal from flow switch), then pump P4 on the tank side will be started. It will adjust the right flow
temperature through the heat resell heat exchanger. During export, the M2 valve must be closed
(heat cannot be bought and sold at the same time).

© Danfoss | DCS-SGDPT/PL | 2023.05
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4.3 HRU applications
4.3.1 Application A1 Al is an indirect heating application with two tanks and heat resale option:
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via a plate heat exchanger. This solution ensures hydraulic system separation.

Heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot water
from the storage tank with cold water from the heat return piping. In case of higher demand, ad-
ditional heat can be added from the auxiliary heat source. In such cases, an M2 valve controls S3 flow
temperature.

Surplus heat from a CO, refrigeration system is reclaimed through CO,/water heat exchanger (part
of refrigeration pack). The heat recovery process is controlled by variable speed of a P3 PWM pump,
mounted on the water side of the circuit. Heat reclaimed from the CO, refrigeration system is stored
in two 500L tanks. Usage of a buffer tank ensures continuous surplus heat reclaim independent of
current heating needs. It also provides stable working conditions for the CO, heat exchanger.

If internal heat consumption is lower than heat reclaim, surplus heat can be exported to a district
heating network through sale heat exchanger (connections 7 and 8). Sale temperature is controlled
by variable speed of P4 PWM pump.
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4.3.2 Application A2

A2 s an indirect heating application with 2 tanks and without heat resale option:

ECL
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via a plate heat exchanger. This solution ensures hydraulic system separation.

The heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot water
from the storage tank with cold water from the heat return piping. In case of higher demand, ad-
ditional heat can be added from an auxiliary heat source. In such cases, an M2 valve controls S3 flow
temperature.

Surplus heat from a CO, refrigeration system is reclaimed through a CO,/water heat exchanger (part
of refrigeration pack). The heat recovery process is controlled by variable speed of a P3 PWM pump,
mounted on the water side of the circuit. Heat reclaimed from the CO, refrigeration system is stored
in two 500L tanks. Usage of a buffer tank ensures continuous surplus heat reclaim independent of
current heating needs. It also provides stable working conditions for the CO, heat exchanger.
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4.3.3 Application A3

A3 is a direct heating application with 2 tanks and heat resale option:

ECL
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via direct piping with bypass. This solution ensures the lowest operating condi-
tion for the auxiliary heat source.

The heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot water
from the storage tank with cold water from the heat return piping. In case of higher demand, ad-
ditional heat can be added from the auxiliary heat source. In such cases, the M2 valve controls S3 flow
temperature.

Surplus heat from the CO, refrigeration system is reclaimed through a CO,/water heat exchanger
(part of refrigeration pack). The heat recovery process is controlled by variable speed of a P3 PWM
pump, mounted on the water side of the circuit. Heat reclaimed from a CO, refrigeration system is
stored in two 500L tanks. Usage of a buffer tank ensures continuous surplus heat reclaim independ-
ent of current heating needs. It also provides stable working conditions for the CO, heat exchanger.

If internal heat consumption is lower than heat reclaim, surplus heat can be exported to a district
heating network through sale heat exchanger (connections 7 and 8). Sale temperature is controlled
by variable speed of the P4 PWM pump.
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4.3.4 Application A4 A4 is an indirect heating application with 2 tanks and without heat resale option:
ECL
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via direct piping with bypass. This solution ensures the lowest operating condi-
tion for the auxiliary heat source.

The heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot
water from the storage tank with cold water from the heat return piping. In case of higher demand,
additional heat can be added from the auxiliary heat source. In such cases, the M2 valve controls the
S3 flow temperature.

Surplus heat from the CO, refrigeration system is reclaimed through the CO,/water heat exchanger
(part of refrigeration pack). The heat recovery process is controlled by variable speed of the P3 PWM
pump, mounted on the water side of the circuit. Heat reclaimed from the CO, refrigeration system is
stored in two 500L tanks. Usage of a buffer tank ensures continuous surplus heat reclaim independ-
ent of current heating needs. It also provides stable working conditions for the CO, heat exchanger.
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4.3.5 Application A6

A6 is an indirect heating application with 1 tank and without heat resale option:

ECL
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via a plate heat exchanger. This solution ensures hydraulic system separation.

The heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot water
from the storage tank with cold water from the heat return piping. In case of higher demand, heat can
be provided by the auxiliary heat source. In such cases, the M2 valve controls S3 flow temperature.

Surplus heat from the CO, refrigeration system is reclaimed through the CO,/water heat exchanger
(part of refrigeration pack). The heat recovery process is controlled by variable speed of the P3 PWM
pump, mounted on the water side of the circuit. Heat reclaimed from the CO, refrigeration system is
stored in a 500L tank. Usage of a buffer tank ensures continuous surplus heat reclaim independent of
current heating needs. It also provides stable working conditions for the CO, heat exchanger.
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4.3.6 Application A7 A7 is a direct heating application with 1 tank and without heat resale option:

ECL
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In this application, heat transfer from an auxiliary heat source (connections 1 and 2) to a secondary
installation is realised via direct piping with bypass. This solution ensures the lowest operating condi-
tion for the auxiliary heat source.

The heat consumer circuit (connections 3 and 4) is controlled by an M1 3-way valve. It mixes hot water
from the storage tank with cold water from heat return piping. In case of higher demand, heat can be
provided by the auxiliary heat source. In such cases, the M2 valve controls S3 flow temperature.

Surplus heat from the CO, refrigeration system is reclaimed through the CO,/water heat exchanger
(part of refrigeration pack). The heat recovery process is controlled by variable speed of the P3 PWM
pump, mounted on the water side of the circuit. Heat reclaimed from the CO, refrigeration system is
stored in a 500L tank. Usage of a buffer tank ensures continuous surplus heat reclaim independent of
current heating needs. It also provides stable working conditions for the CO, heat exchanger.
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4.4 Heat consumers
applications - examples

4.4.1 Heating application -
example

To control heat consumers' circuits, an additional ECL controller can be used in master-slave configu-
ration. Those secondary side controllers can send the required flow temperature to the ECL mounted
in the HRU. By doing so, optimal efficiency of the whole system can be achieved by precise flow
temperature control and reducing the return temperature from the heat consumer circuit.

a9
g @S2

For more information regarding ECL controllers and applications, please visit the Danfoss web page:

ECL controllers | Danfoss

Application A230 is a weather-compensated control of flow temperature in a heating circuit. Room
temperature and wind speed compensation is also available. Return temperature limitation can be
set up. An alarm function in relation to flow temperature is available. It can be used for direct and

indirect heating applications.

S1 ECL 210/296/310/ 311
% / 10| &
S8 A1

S4 S3

87H1087.16

(9]
N
Danfoss

>—~

M1

N/N/N/N/NINININ/

ININININININININ I

g) S5
N\

S7

ECL 210/296/310/ 311

S1 :
o e

S4 S3

87H1088.16

w
N
Danfoss

. 2

S5

N/N/N/N/NINININ/

ININININININ NN I

<+— M& A
S7

22 | AB417146452873en-010201

© Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

Darifi

4.4.2 Ventilation

Application A314 can control temperature of ventilation systems with heating or cooling or a combi-

application —example  nation of these. Weather-based compensation, return temperature limitation, frost, and fire protec-
tion are available. Optional analogue control of crossflow or rotary heat exchanger. Alarm function

can be related to duct / flow temperature, fire, and frost.
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4.4.3 Domestic Hot Water
application - example
flow temperature is available.

Application A217 is advanced temperature control of a DHW circuit with storage tank, directly heated
or with charging system. Return temperature limitation can be set up. An alarm function related to
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5. Commissioning steps Before system start-up, the mandatory steps listed below should be taken.

5.1 Connection tightening After completion of installation, retighten all pipe unions in the HRU.

5.2 External sensor Connect all required external sensors and ensure that they are mounted in the right location:
connection - The S4 sensor should be performed as a submersed sensor

and sense completely into the heat exchanger.

« For parallel operation of 2 CO, heat exchangers, the S4 must be placed so that it measures
the common outlet temperature and as close to the heat exchangers as possible.

+ The submersed sensor must be in counterflow and in large pipe dimensions.
Constriction (measuring blind) should be made for the S4 sensor. If the S4 is outside
the heat exchanger, a min. flow must be ensured at the measuring point.

- The S10is designed as a surface sensor and is placed close to the CO, heat
exchanger and, as far as possible, on the upper side of a horizontal pipe.

« S11 & S2 are made with sensors that are heat-resistant (such as
AKS 21 A 084N2007) with steel clamps/straps.

+ S11 (Hot gas sensor): mount close to the CO, heat exchanger and
preferably on the upper side of a horizontal pipe.

- S2 mounted outside of the CO, heat exchanger is to be mounted after the CO,
3-way valve on the common outlet pipe to the gas cooler (thereby any bypass
of the CO, exchanger can be registered via the ECL 310 Portal / log)

5.3 HRU boost signal Check the 0-10 Vdc signal at the end of the galvanic separation via manual operation of ECL 310 V1
connection from 0 to 100%.

If the expected voltage is not measured, the DIP switch must be checked. If they are correct, but an
incorrect value is still measured, it may be a wrong connection in the cooling control.

Check the output with disconnected connection to Pack.

5.4 Location of safety Safety valve must be placed close to the CO, heat exchanger and it must lead to a drain (risk of inju-
valve on water side ries from high temperature).

5.5 Location of balancing If there is only one CO, heat exchanger, the balancing valve should be placed on the return circuit
valves close to the HRU (possibly on the inlet from CO, heat exchanger).

If CO, heat exchangers are connected in parallel, a balancing valve must be fitted to the inlet of each
of them separately, to have the right flow in both heat exchangers.

The balancing valve(s) on the heat recovery circuit are adjusted in relation to P3 min (15%) to ensure
that we can regulate down by small effects on the CO, heat exchanger.

5.6 Water filling and If possible, establish a fixed water connection so that it can be refilled without the need to establish a
ventilation connection every time.

The system should be equipped with automatic air dischargers at the highest point of the system,
places where there are natural air pockets (installations with inverted u piping) and on the accumula-
tion tanks to release trapped air in the system in connection with water filling (remember that motor
valves must be open fully).

5.7 Connection to ECL The HRU should be connected to the ECL portal. After connection is established, all M-Bus energy
portal meters and sensors S11 and S12 should be registered for future logging.

5.8 Functional test of All components listed below must be checked in manual overdrive in the ECL 310 controller:
components « Pumps P1, P3 and P4 (if installed)

+ Control valves M1 and M2

+ Sensors reading

+ M-bus energy meters readings

- Boost signal to pack controller to check if 3-way bypass valve on
CO; heat exchanger is opening and closing

© Danfoss | DCS-SGDPT/PL | 2023.05 AB417146452873en-010201 | 25



Application Guide | Heat Recovery Unit

Dacifi

6. ECL configuration

6.1 Settings in controller

6.1.1 Flow meter F1,F2 and
F3 configuration

Danfoss recommends adjusting parameters using the ECL Portal. Before doing so, flow meters and
connection to the ECL portal must be established manually in the controller.

Controller menu:

-
F01.2022

i

1?: 00 20.0°C

——— ———

0 Iz zY
MEML -a--

2y

4k
Y

Common controller settings:

Haorme

Input overwiew
Log

Catput owerride
Key functions

System:

Horne

MENL:

L (] ';l

M-bus config:
PEML

 System: I

Extenszion
Ethernet
Portal config
M-bus config
Energy Metars

Set the Baud rate to 2400 for all connected meters.
Soyrstern
M-bus config:
ICLE
MOMNE
2400

State
Zormmand
Baud

All flow meters must be configured in settings.
M-bus address is last 2 digits from heat meter
serial number. Flow meter F1 must be configured
as Energy meter 1:

Soystern

Energy Meter 1

10 =

Scan time

T Ll I:l =} L

1D 160448
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Flow meter F2 must be configured as Energy

meter 2:

Flow meter F3 must be configured as Energy
meter 3:

Swrskern

Energy Meter 2

M-bus address
Scan time

-l-.!ll.l:IE

. 160246

Sorstern

Ernergy Meter 3
M-bus address
Scan time
Type

IC 17422

6.2 Connection to the ECL
Portal

6.2.1 Settings in ECL
Controller

Connect the network cable with the Internet connection to HRU controller. ECL Comfort 310
listens for communication on TCP port 502. For more information regarding communication

with ECL controller, please check:

https://assets.danfoss.com/documents/198690/AQ074886472234en-010601.pdf

Controller menu:
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Common controller settings:

Horme

HMENL: I

Tirne 2: Date

Input owerwiew
Log

Output override
key Functions

System:

Harme

L (] g

Cakput owerri de
Key Functions

Ethernet:

MEMLI

 System:

ECL wersion
Extenszion
Ethernat
Partal config
M-bus config
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Activate automatic network addressing: Set "ECL Portal" to "ON"
Syskem

Portal config:

Address type ECL Portal OFF

IP
IP
IP

ECL Portal
pOM OFF

ecl.portal.danfoss.com
100

Or set up correct static IP address according to
your network settings.

Check serial number and access code visible in
Portal config: Portal info:

MEML =ystem

m Portal config:

ECL wersion ; — - :
Extension ECL Online

Ethernet Serial no.: GEFAS0
I:'l:lr't.al |:|:|r||:i|:] BCcess ':':lde: SI:I'U'g

M-bus config

6.2.2 Settings in portal Go to ecl.portal.danfoss.com, create a user account by pressing on the 'new user' link and follow the
instructions on screen.

You only need to do this the first time you register a controller to the ECL Portal.

6.2.3 Adding controller to ECL -> Register new ECL:
a portal Register new ECL using the serial number and access code:

Preconditions to register new ECL

* Activate
+ Connect

Enter serial number and access code to register your ECL

Serial number

Access code

| I have the consent from the owner of the private data

Insert ECL master data
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6.2.4 Sensor S11 ECL -> Configurable input -> Configure new sensor input:
configuration Set name of the sensor. Choose:
« Sensor ID to S11
- Type to Pt 1000
« Sensor Option to None

Name

| |
Sensor ID

£ v
Type

| Pt 1000 v|

Sensor Option
[None M

Click next. Check mark Data logging. Click create.

6.2.5 Heat meters Meters -> Register new meter:
configuration Set meter name and M-bus address

Meter name
i
M-bus address

(et I corce

Click next. Check mark Data logging. Click create.

6.2.6 Circuit1 Here all heating circuit parameters should be set.
6.2.6.1 Primary settings:
Settings -> Circuit 1 -> Primary settings

Circuit 1, heating - Primary settings x

Mode Scheduled operation Des. T comfort 20.0 °C Des. T saving 18.0 °C

[S:heﬁuled operation v] | 20.0|°C 18.0(°C
5.0 °C 40.0 °C 5.0 °C 40.0 °C

Choose Scheduled operation.
Set T comfort and T saving according to need.

© Danfoss | DCS-SGDPT/PL | 2023.05 AB417146452873en-010201 | 29



Darifi

Application Guide | Heat Recovery Unit

6.2.6.2 Flow temperature
Settings -> Circuit 1 -> Flow temperature

Circuit 1, heating - Flow temperature ®

/ Y

Heat curve Slope
’.- Temp. max. L
1 Temp. min. °C
130 | 30°c [ ss]ec |
110 -] -15 oC °C ‘
80 -5 °C °C
0 °C °C
5 °C °C
15 °C aC
50 a0 -5 506 15 25 L m
' Frost pr. T 10 =C 1 | Desired T 50 =C ‘
°c °C
5°C 40 °C 5°C 150 °C

4

The weather-compensated flow temperature can be configured here. Temperature should be ad-
justed according to heat consumer type.

"Frost protection T" is the minimum temperature for S3.

"Desired T": if external override has been created for an available input, the desired fixed flow temper-
ature (R3) from the HRU unit can be configured here.

The minimum and maximum flow temperature (R3) can be configured here.
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6.2.6.3 Return Limit
Settings -> Circuit 1 -> Settings -> Return temp. limit

Circuit 1, heating - Return limit x

High limit ¥2 | 45| °C
@; Low limit Y1 | 35/°C
1850 ' '
: : High T out X1 | 15| °C
130 o ' '
e ; E LowToutx2 [ -15]°C
B0~ E E
70 r ;
il e,
18 e R TR '
10 T T : T : T ] Save
80 -40 20 0 20 i
Infl. - max. =2.0 Infl. - min. 0.0
| -2.0] : 0.0]
-9.9 9.9 -9.9 9.9
Adapt. time OFF Prionty ON
[ s off Oon
Os 50 s ® o
Con. T, ret. T lim. 70 °C DHW, ret. T limit OFF
50| =C |=c B o
10 °C 110 °C g°C 110 °C
Csave ]

Here you configure the highest permitted temperature desired at S5.
When this limit is exceeded, the “Infl. - max.” setting can be adjusted to determine the impact on R3.
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6.2.6.4 Optimization
Settings -> Circuit 1 -> Settings -> Optimization

Circuit 1, heating - Optimization ®

Auto saving -12 °C Ramp OFF Optimizer OFF
_____ T[13ec Cos [ Im off 1 off
-30 °C 10 °C Om 83 m ] 59

(520 ] D
Pre-stop ON Total stop OFF Summer, cut-out OFF
®on Oon Jec Off
3 3
O oFF ® oFF 0°C 50 °C

If an external signal indicating the desired flow temperature (R3) is not received, these settings will
apply together with the "Flow temperature" settings.

If a schedule has been configured for comfort/saving mode:
"Auto-save" will gradually reduce flow temperature
"Ramp” change from saving to comfort mode can take place slowly over the configured time.
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6.2.6.5 Control par. 1
Settings -> Circuit 1 -> Control par. 1

Circuit 1, heating - Control par. 1 ®
Xp 60K Tn 40s M run 100 s
K s :
5K 250 K 1is 999 = 5s 250s
Nz 2K Min. act. time 5 Xp 701/h
L 3 I
1K S K 2 50 51/h 250 I/h
Tn Tos Nz 251/h Min Flow 500 1/h
s Vh I
1s 999 s 1l/h 200 I/h al'h 3000 I/h
Manx. T limit 70 °C

70 °C
10°C 150 °C

*Parameters apply to the M1 flow temperature (S3).

“Xp” (proportional band) - A higher value will result in a stable but slow control of the flow tempera-
ture.

“Tn” (integration time constant) - Set a high integration time constant (in seconds) to obtain a slow
but stable reaction to deviations. A low integration time constant will make the controller react fast
but with less stability.

“M run” (running time of the motorized control valve) - 75 sec for HRU<216 kW heating and 113 sec for
HRU>216 kW heating

**Parameters apply to the mixing phase, i.e. when mixing of recovered heat and purchased heat takes
place. Flow is associated with flow meter F2. Temperature controls (S3) are controlled by M2.

***Here, the anticipated flow temperature from auxiliary heat (district heating, boiler or other) is
configured.
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6.2.6.6 Control par. 2
Settings -> Circuit 1 -> Control par. 2

Circuit 1, heating - Control par. 2 x
Xp 60 K Tn 30s
[ 50 K 30s
5K 250 K 1s 999 s
M run 60 s Nz 2K Min. act. time 5
| 3 =l [ :
5s 2505 1K 9K 2 50

Here, control parameters (M2) are configured for the desired flow temperature R3.

“Xp” (proportional band) - A higher value will result in a stable but slow control of the flow tempera-
ture.

“Tn” (integration time constant) - Set a high integration time constant (in seconds) to obtain a slow
but stable reaction to deviations. A low integration time constant will make the controller react fast
but with less stability.

“M run” (running time of the motorized control valve):
- 120 sec for HRU<85 kW heating

- 75 sec for HRU>85 kW and < 216 kW heating

- 113 sec for HRU>216 kW heating

6.2.6.7 Application
Settings -> Circuit 1 -> Application

Circuit 1, heating - Application *®
Demand offset 4K Send desired T OFF P exercise ON M exercise OFF
ElS Off oN ® on onN
0K 20K ® orF OFF ® ofF
PirostT 2°C Pheat T 20°C P post-run 3m Ext. input OFF
e et e S
2 Off 20 °C Im oFF:
1 c 20°C 5°C a0°C om Sm
o oo (oo
Ext. mode FROST PR. Operating form 1 Difference OFF
FROST PR v B L______IK ¢ off
1 3 1K 60K

"Demand offset" is the temperature that is added to the highest temperature requirement that may
be received from one or more ECL 310 slave regulators.

"Operating form" — Here you select the mode of operation in which the HRU unit will run

1: All three phases: recovered / mix / auxiliary heat

2: Phases: recovered / auxiliary heat

3:100% use of recovered heat
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6.2.7 Circuit2

6.2.6.8 Schedule 1
Settings -> Circuit 1 -> Schedule 1

Circuit 1, heating - Schedule 1 »

P 1Y
Tu We Th Fr 53 Su
Period Start End
1 o vl:lo v| [24 v|:[0 v]
2 (24 v|:lo0 | |24 v]|:|0 |
3 24 v|:lo0 +| |24 v]|:|0 |
p o
P

If an external signal indicating the desired flow temperature (R3) is not received, this schedule will
apply to the configured comfort and saving mode temperatures.

6.2.7.1 Tank temperature
Settings -> Circuit 2 -> Tank temperature

Circuit 2 - Tank temperature x

Here all heat recovery and heat resale parameters can be set.

Tank temp. 65.0 °C

[ es.0]ec

10.0 *C 150.0 °C

Stop difference 25 K

L __25[K
50K 50 K

Start difference -1K
o __1 K

S0 K -1K

P post-run om
' a: m

0Om 99 m

4

Here, you configure the desired temperature in the buffer/charger tanks and when charging should
start and stop.

“Tank temp.” - required tank temperature is base for calculation of the charging temp.

© Danfoss | DCS-SGDPT/PL | 2023.05

AB417146452873en-010201 | 35



Application Guide | Heat Recovery Unit

6.2.7.2 Compensation T
Settings -> Circuit 2 -> Compensation T

Cincuit 2 - Compensation T x
Lower difference 2K Upper difference 3K | | LowX 50 °C
[— | s
[Pk ‘ ELS | | 59 °c

1K 50K 1K 50 K 10 °C 150 °C

. 2
High X 80 *C Infl. - max. -1.5 | | Adapt. ime OFF

o, & L -1.5 s v off
10 °C 150 °C 9.9 9.9 50s

The permitted difference between temperatures S10 and S2 at high and low charging temperature
respectively ("High X" and "Low X") can adjust the desired charging temperature (R4) with a desired
amplification factor "Max. amplification".

6.2.7.3 Control heat recovery
Settings -> Circuit 2 -> Contr. heat recov.

Circuit 2 - Contr. heat recov. x

Charge difference 2K | Xp 100 K Tn 605

2|k [ 100] K [ 60s
1K S0K 5K 250K is EEED

M run 1W00s | Nz 2K Min. act. ime 2

100]s [ 2K [ 2|
S5s 2505 oK K 2 50

V out max. 90 % | V out min, 15 % Adapt. time 1s

90| % [ 15 % [ 1s o
0% 100 % 0% 100 % Os 100 s

Min. act. bime 1.0s PWM period 50s Reverse out NO

1.0]s [ 5.0 NO v]
0.1s 50s 0.2s 100s

"Charging difference" — desired charging temperature in relation to the tank temperature.

"V out. min." — you can configure the desired minimum charging flow given by P3.

"Adapt. time" - controls how fast the actual charging temp. adapts to the desired charging temp.
"Min. act. time" — min. PWM duty cycle. If “Adapt. time” setting is other than 0.

"PWM period" - PWM signal period length. Settings can be configured with “Min. act. Time” to specify
how often pump will stop and start to achieve less flow.
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6.2.7.4 Control par., export
Settings -> Circuit 2 -> Control par., export

Circuit 2 - Control par., export x
Desired T 70 °C Start T 95 =C Start difference 0K Stop difference -5K
— — — =T T I —
10°C 110 °C 20°C 95 °C -50K 0K -50K 1K

s \ N N
DHW priority OFF Xp 45K Tn 25s Nz 2K

S — — —
‘T'DFF 5K 250 K 1s 999 s 0K 9K
W out max. 90 % V out min. 30 % Adapt‘ time OFF PWM pennd 7.0s
" L J¢  @Bor || 70k
0% 100 % 0% 100 % 0s 100 s 0.2s 10.0s

[5ove ] [5ove ]

)
Reverse out NO Xp 9.0K Tn 8
m 5 sl
40K 50.0K 1 50

"Desired T" — The desired sale/export temperature.

"Start T" - Required tank top temperature (S6) before export can be started.

"Start difference" - Required tank bottom temperature (S8) before export can start.
"Stop difference" — Required tank top temperature (S6) to end export.

Example:

Export starts when both requirements have been met:

S6 > "Start T" > 80 °C

S8 > "Start T” + "Start difference” > 80-0 = 80 °C

Export stops when:

S6 < "Start T"+ "Stop difference” < 80-5 =75 °C

Or if domestic hot water requirements are received from another ECL 310 if the setting "DHV priority"
is ON.
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6.2.7.5 Boost
Settings -> Circuit 2 -> Boost

Circuit 2 - Boost x

Delay 10s V out max. 70 %
s O off [ 70%
1 200 5 0% 100 %
(e
v out min. 20 % Dep., export OFF
20| % Oon
0% 100 % ® oFr

4

Boost is an expression of how much energy the HRU can reclaim. This signal (0-10VDC) ECL 310 sends
to the cooling plant.

“Delay” - Time needed to change boost signal by 1%

“V out. min.” — Min signal during operation

“V out max.” - Max level of signal transmitted to the pack controller.

"Depended on export ON" - This setting can increase the "Boost" signal to the cooler in the event
of export/sale of recovered heat. This happens if the tank temperature (S6) is lower than the desired
start temperature for export "Start T," or if the current charging temperature (54) is lower than the
desired tank temperature (R6).

"Depended on export OFF" - This setting can increase the "Boost" signal to the cooler. This happens
only if the current charging temperature (S4) is lower than the desired tank temperature (R6).

6.2.7.6 Schedule 2
Settings -> Circuit 2 -> Schedule 2

Circuit 2 - Schedule 2 ®

Tu We Th Fr Sa Su

Period Start End
1 [0 ~):|o ~| |24 ~|:[0 «]
2 [2a ~|:|0 ~]| |24 ~|:[0 «]
3 [2a w|:|o0 ~| |24 ~|:[0 w]

Here, you can configure a Schedule for when you want to export excess energy.
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6.3 Connection to
Leanheat monitor

portal
6.3.1 Settings in ECL Connect the network cable with the Internet connection to your ECL Comfort 310. Next fol-
Controller low below steps:

Controller menu: System:
17.01.2022 i Horne

2:1 711 I:'-E':I

L (] g

1 7 ' 00 M Output override
. 20,07C Key functions
Suchar
; |.'-_' 2y Syrstenn

-4 F

Common controller settings: Ethernet:
Home MEMLI

MENL: I [ =v=t=m: I

Tirne 2 Date ECL wersion
In P Ut owepF ey Extension
Log Ethernet

Output override Portal config
ke Functions M-bus config
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Activate automatic network addressing: Make sure that URL is “Icl.portal.danfoss.com”,
then Set "ECL Portal" to "ON"

Systern

Portal config:

Address type ECL Portal OFF

IP 1
IP 2
IP

IP ¢

Or set up correct static IP address according to
your network settings.

ECL Portal
PN OFF

II:I .pl:lr'tal .lj.arlfl:IEE SO

Check serial number and access code visible in
Portal config: Portal info:

MEML Syskemn

m Portal config:

ECL wersion : —) - :
Extension ECL Online

Etherneat Serial no,: GEFAI0
Partal config Access Code: Sbwd

M-bus config

40 | AB417146452873en-010201 © Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

6.3.2 Settings in portal Go to app.enspire.danfoss.com and login to your account.
6.3.3 Adding controller to Admin -> Device Administration -> Connect -> Connect ECL:
a portal

2 Admin - Device Administration | X +

<« C @ app.enspire.danfoss.com/#/admin/devices

M Leanheat® Monitor =* Dashboard (1 Devices 2\ Alarms £ Reports & Admin

Device Administration Data Relays General Settings User Management Dashboards Api Keys Activity

-+ Connect | Q) Scan B+ Exportcsv

Sync OPC devices

Connection Device type Description Disconnected Location

Connect Modbus
ECL ECL ECL310_279530

Input the serial number and access code
which you got from your device and click "connect™:

Connect ECL

Serial number

Code

Close
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6.3.4 Circuit 1 Devices -> ECL310 (HRU) -> Settings -> Circuit 1, heating
Here all parameters regarding Heating circuit should be set.

Leanheat® Monitor T Devices L\ Alarms. EH Reports & Admin & @ € ouosstodbon & v
Search Devicefilters | Default J +
i= Show all devices Application  Graph  Readings  Alarms  Meters  Documen ts  Details  Activity  Options v ® # 4+ R
= Contoter e sz .
o s Loading me . “~ B Report
:,, a Search
B
= L 4
I > Circuit 1, heating I
< o
h > Circuit 1, ECL alarm
- > Circuit2
< N
R > Circuit 2, ECL alarm
_=_( v > Circuit3
> Common
> M-bus

==

6.3.4.1 Primary settings:

Primary settings

Mode
Scheduled operation

4»

Des. T comfort (*C)

20

Between 5 and 40 °C

Des. T saving (°C)

18

Between 5 and 40 °C

Choose Scheduled operation.
Set T comfort and T saving according to need.

42 | AB417146452873en-010201 © Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

6.3.4.2 Flow temperature

Heat curve [ Edit
46
®
@ 40 \
& .
g 34 \.
15 e
g \
L 27 ®
21 - .- - - o o e o e e -
-300  -150 -50 50 150
Qutdoor temperatures
Frost pr. T (°C)
10
Desired T (°C)
50

The weather compensated flow temperature can be configured here. Temperature should be ad-
justed according to heat consumer type.

"Frost protection T" is the minimum temperature for S3.

"Desired T" if external override has been created for an available input, the desired fixed flow tem-
perature (R3) from the HRU unit can be configured here.

The minimum and maximum flow temperature (R3) can be configured here.

6.3.4.3 Return limit

Return limit @ Edit Adapt. time
Adapt. time
61 ON
g i @ o 3
56 Priority
£ OFF
E 50
-
45 Con. T, ret. T lim. (°C)
70
39 ot ol -
DHW, ret. T limit
-15.0 15.0

Outdoor temperatures O ON gH ret. T limit

Infl. - max
-2
Infl. - min.
0

Here you configure the highest permitted temperature desired at S5.
When this limit is exceeded, the “Infl. - max.” setting can be adjusted to determine the impact on R3.
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6.3.4.4 Optimization

Optimization

Pre-stop
Auto saving OFF
ON | Auto saving
Between -30 and 10°C Total stop
OFF

Ramp

ON | Ramp Summer, cut-out

Between 0 and 99 m
ON | Summer, cut-out

Optimizer Between 0 and 50 °C

ON | Optimizer

Between 9 and 59

If an external signal indicating the desired flow temperature (R3) is not received, these settings will
apply together with the "Flow temperature" settings.

If a schedule has been configured for comfort/saving mode:
"Auto-save" will gradually reduce flow temperature
"Ramp” change from saving to comfort mode can take place slowly over the configured time.

6.3.4.5 Control par. 1

Control par. 1
Min. act. time
Xp (K)

60 *

" 3
Between 5 and 250 K Between 2 and 50

Tn (s) Xp (I/h)

40 * 70 *%
Between 1and 999 s Between 5 and 250 I/h

M run (s)

100 * Tn (s) KVXYS

70
Between 5 and 250 s
Between 1and 9995

Nz (K)

2 *

Between 1and 9K

Nz (I/h)
% K%

Between 1and 200 I/h
Min. Flow {I/h)
500 *%
Between 0 and 3000 I/h

Max. T limit (°C)

*¥¥%

Between 10 and 150 °C

*Parameters apply to the M1 flow temperature (S3).
“Xp” (proportional band) - A higher value will result in a stable but slow control of the flow temperature.

“Tn” (integration time constant) - Set a high integration time constant (in seconds) to obtain a slow but
stable reaction to deviations. A low integration time constant will make the controller react fast but with
less stability.

“M run” (running time of the motorized control valve) - 75 sec for HRU<216 kW heating

and 113 sec for HRU>216 kW heating

**Parameters apply to the mixing phase, i.e. when mixing of recovered heat and purchased heat takes
place. Flow is associated with flow meter F2. Temperature controls (S3) are controlled by M2.

***Here, the anticipated flow temperature from auxiliary heat
(district heating, boiler or other) is configured.
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6.3.4.6 Control par. 2

Control par. 2

Xp (K)
60

Between 5 and 250K

Tn (s)

30

Between 1 and 990 s

M run (s)

60

Between 5 and 250 s

Nz (K)
2

Between 1 and QK

Min. act. time

5

Between 2 and 50

Here, control parameters (M2) are configured for the desired flow temperature R3.

“Xp"” (proportional band) - A higher value will result in a stable but slow control of the flow tempera-
ture.

“Tn” (integration time constant) - Set a high integration time constant (in seconds) to obtain a slow
but stable reaction to deviations. A low integration time constant will make the controller react fast
but with less stability.

“M run” (running time of the motorized control valve):
- 120 sec for HRU<85 kW heating

- 75 sec for HRU>85 kW and < 216 kW heating

- 113 sec for HRU>216 kW heating
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6.3.4.7 Application

Application P frostT

PfrostT
Demand offset () ON 2
c ON aemand offset H Between -11 and 20 °C

’ P heat T (°C)
Between 0 and 20 K 20

i Between 5 and 40 °C
Send desired T ween 5 an

OFF P post-run (m)
: 3
Between 0 and 99 m
P exercise
Ext. input a
OFF OFF ¥
M exercise
OFF
Ext. mode A
FROST PR. v

Operating form
1

Between 1and 3

Difference

ON | pifference

Between 1and 60 K

"Demand offset" is the temperature that is added to the highest temperature requirement that may
be received from one or more ECL 310 slave regulators.

"Operating form" — Here you select the mode of operation in which the HRU unit will run
1: All three phases: recovered / mix / auxiliary heat

2: Phases: recovered / auxiliary heat

3:100% use of recovered heat
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6.3.4.8 Schedule 1

Schedule 1

Monday

Period 1
00:00

Period 1
24:00

4p

Copy

If an external signal indicating the desired flow temperature (R3) is not received, this schedule will

apply to the configured comfort and saving mode temperatures.

© Danfoss | DCS-SGDPT/PL | 2023.05

AB417146452873en-010201 | 47



Application Guide | Heat Recovery Unit

6.3.5 Circuit 2 Devices -> ECL310 (HRU) -> Settings -> Circuit 2
Here all parameters regarding Heat recovery and Heat resale can be set

6.3.5.1 Tank temperature

Tank temperature

Tank temp. (°C)
65

Between 10 and 150 °C

Start difference (K)

-1

Between -50 and -1 K

Stop difference (K)

25

Between -50 and 50 K

P post-run (m)

0

Between 0 and 99 m

Here, you configure the desired temperature in the buffer/charger tanks and when charging
should start and stop.

“Tank temp." - required tank temperature is base for calculation of the charging temp.
6.3.5.2 Compensation T

Compensation T
High X (°Q)

Lower difference (K) 80 =
2 Between 10 and 150 °C
Between 1 and 50 K =

Infl. - max.

Upper difference (K) -1
5 Between -9.9 and 9.9

Between 1 and 50 K

Adapt. time
Low X (*C) =
50
ON | Adapt. time

Between 10 and 150 °C
Between 0 and 50 5

The permitted difference between temperatures S10 and S2 at high and low charging tem-
perature respectively ("High X" and "Low X") can adjust the desired charging temperature
(R4) with a desired amplification factor "Max. amplification".
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6.3.5.3 Control heat recovery

Registered recuperation
Nz (K)

Charge difference (K) 2
2

Between 0 and 9K
Between 1 and 50 K
Min. act. time
Xp (K)
100

Between 5 and 250 K

Between 2 and 50

V out max. (%)
Tn (s)

60

Between 1and 999s

Between 0 and 100 %

V out min. (%)

15

M run (s)
100

Between 0 and 100 %
Between 5 and 250 s

Adapt. time

() ON | Adapt.time
1

Between 0 and 100s

Min. act. time (s)

Between 0.1and 5s

PWM period (s)
10

Between 0.2 and 10s

Reverse out

NO

4

"Charging difference" - desired charging temperature in relation to the tank temperature.

"V out. min." - you can configure the desired minimum charging flow given by P3.

"Adapt. time" - Controls how fast the actual charging temp. adapts to the desired charging temp.
"Min. act. time" — min. PWM duty cycle. If “Adapt. time” setting is other than 0

"PWM period" - PWM signal period length. Settings can be configured with “Min. act. Time” to specify
how often pump will stop and start to achieve less flow.
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6.3.5.4 Control par., export

Between -50 and 0 K Between O and 9K

V out max. (%)

90

Between 0 and 100 %

Stop difference (K)
-5

Control par., export DHW priority
OFF
Desired T (°C)
75
Between 10 and 110 °C Xp (K)
45
Sstoart TCO = Between 5 and 250K
Between 20 and 95 °C Tn (s)
25
Start difference Between 1and 999 s
Start difference Nz (K)
©- o B

Between -50 and -1 K

V out min. (%)

15

pHO0D

Between 0 and 100 %

Adapt. time
OFF Adapt. time
0
BetweenOand 100s
PWM period (s)
T
Between 0.2 and 10s

Reverse out

NO
Xp (K)
9
Between 4and 50K

Tn
8

4

Between 1and 50

"Desired T" - The desired sale/export temperature.

"Start T" - Required tank top temperature (S6) before export can be started.

"Start difference" - Required tank bottom temperature (58) before export can start
"Stop difference" - Required tank top temperature (S6) to end export

Example:

Export starts when both requirements have been met:

S6 > "Start T” > 80 °C

S8 > "Start T” + "Start difference” > 80-0 = 80 °C

Export stops when:

S6 < "Start T"+ "Stop difference” < 80-5 =75 °C

Or if domestic hot water requirements are received from another ECL 310 if the setting "DHV priority"
is ON.
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6.3.5.5 Boost
Delay
Delay
®@ o
Between 1and 200 s
V out max. (%)
Between 0 and 100 %

V out min. (96)

20

Between 0 and 100 %

Dep., export
OFF

Boost is an expression of how much energy HRU can reclaim. This signal (0-10VDC) ECL 310 send to
the cooling plant.

“Delay” - time needed to change Boost signal by 1%
“V out. min.” — Min signal during operation
“V out max.” - Max level of signal transmitted to the pack controller.

"Depended on export ON" - This setting can increase the "Boost" signal to the cooler in the event of
export/sale of recovered heat. This happens if the tank temperature (S6) is lower than the desired
start temperature for export "Start T," or if the current charging temperature (54) is lower than the
desired tank temperature (R6).

"Depended on export OFF" - This setting can increase the "Boost" signal to the cooler. This happens
only if the current charging temperature (S4) is lower than the desired tank temperature (R6).

6.3.5.6 Schedule 2

Schedule 2
Monday v
] ] [
Period 1 - Period 1 A
0000 v 2400 v +-—
Copy

Here, you can configure a Schedule for when you want to export excess energy.
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7. How to set up Pack

To set up and configure Danfoss Pack Controller AK-PC 782A, you must use the Service Tool. You can
Controller AK-PC 782A download the latest version here:
to operate with Danfoss

; https://www.danfoss.com/en/service-and-su
Heat Recovery Unit (HRU)

ort/downloads/dcs/adap-kool-software/ak-st-500
Depending on selected heat recovery features, the following inputs and outputs must be configured

SC3 el
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7.1 Heat recovery general
settings

Setup and configuration based on AK-PC 782A

software version 3.7

|ooo12 AK-PCTB2

COhtI’O"EI’ identification _l |_||

|Controller type
Contr. Order No.
SW version

SW build number
SW build Id

SW build time

Address switch
Alarm transmission

IP channel
Host name
IP address
Subnet mask
Link status

AK-PC 782AB|
08020202

Ver 3.70

30

b66c357

Nov 10 2022 11:...

12
Enabled

T
il e e
e e e Y

Active

Configuration menu

Configuration menu
menus necessary to set up

| Configuration menu

Lock/Unlock configuration
System setup
IP setup

=3 Select plant type
Setpoint management
Suction group MT
Suction group LT

Suction group IT
=3 (Condenser fan control

HP control

Receiver control
=3 Heat circuits

KP1

Display setup
—3» General purpose
—_

1/O configuration
I/O status and manual

Sensor calibration
Alarm priorities
Authorisation

Copy settings
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In menu Select plant type select an option for
Heat Recovery Unit or Heat recover

R, 00:000 AK-PC 782A - O X

EE Config: Select plant type

Application selection

Refrigerant type
Caondenser fan control
Mo, of fans

Heat recover

Qil receiver control

Setpoint management

Heat reclaim
Tap and heat
Heat Recovery Unit

Select quick setup

If there is in the system Gas cooler bypass valve
V3gc select menu Condenser fan control >
Capacity control and V3gc valve type

Config: Condenser fan control
Capacity control _
Condenser fan control
No. of fans

Fan safety

Fan speed type

EC start capacity

EC min.

EC max.

EC abs.max.
Absolute.max Sgc
Fan control mode

Kp

Tn

Capacity limit at night

Vigc valve
Kp

Tn

Min OD
Max OD
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Wiring diagram

[OH

Il @llef[CD]

&)

GND

e

HRU
(Heat Recovery Unit)

HC1 request 0 - 10V

Signal is galvanic isolated
within the HRU unit, so no

need for additional isolation.

1/2/3/4]5]6]7[8]9]10 11]12]
SIG GND SIG GND SIG GND SIG GND +12V +5V SHLD SHLD

- :f /'] :://] l
A1 A2 A3 A4 e

¢4

DO1 DO2 DO3 DO4

- : F r

[25]26 27]28/29]30[31/32 33 34/35]36]

Tl

AK-PC782A/B
Al1-HC1;signal 0- 10V
General purpose HR enable function

AlI2 - HC 1; Voltage signal used for voltage switch

to enable HR
AI3=DI3; dry contact; "HR enable"
DO1 - Voltage switch
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7.2 Setup with
heat reclaim type
= Heat Recovery Unit

The external voltage signal is registered (the higher the value, the greater the need for heat). The
signal is converted by the HRU controller to 0—100% capacity and will have the following impact:

Here is example with on/off V3gc bypass valve but it is also possible, and preferable, to design system

with V3gc modulating valve which provide very stable temperature control out of gas cooler.

Sqc ref
offset

Pgc reﬂ
offset

Pump

Gasc.
bypass

N
a
w
-
Sy
w
Dans

agB3zr

5% 10% 25% 70% 80% 95%

HR request

5%  HRstop limit 70% Ref offset high
10% HR start limit 80% V3gc bypass stop limit
25% Ref offset low 95% V3gc bypass start limit

.3
Sqc ref
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Under Heat recovery menu select
Heat reclaim circuit

R P e P r e P 0

11| Config: Heat recovery
Select
Heat reclaim circuit E _| |J I Stepper (OWOH) V3hr type
V3hr output type Stepper (On/Off)
Heat reclaim type Max heat reclaim <= Heat reclaim type = Max heat reclaim
Control mode AULO < HRU controls the water temperature.
Heat eonctiriors 1 Note in Max heat reclaim option there is
no active thermostat control for the heat
Heat consumer filter 55 recovery mode. Select “Auto”.
Additional heat output No Heat Consumer (HC1) =1
Show advanced settings Yes
Flowswitch No
Kp 50
Tn 160 s
Tc max HR 27.0°C
HR end delay - MT stop 0s
Ref. offset low limit 25 % " i / ol
o = |//ith Max heat reclaim option it is possible
Ref. offset high limit 70 % to adjust pressure ref offset limits depend-
Bypass control ing on HC signal request.
V3gc bypass stop limit 80 %
o == [f selected V3gc ON/OFF valve type, setup
V/3gc bypass start limit 85 % for start and stop limit depending on HC
HP control signal request.
Pgc max. 103.00 bar
Pgc max. limit P-band 5.00 bar
Pgc HR max 80.00 bar
) = The Heat Consumer (HC1) 0-10V sig-
Pgc HR min. 60.00 bar nal from HRU will increase or decrease
Pgc min 50.00 bar the pressure in the gas cooler in range
' ' between
“Pgc HR min” and “Pgc HR max”.
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General purpose menu

HRU doesn’t have digital output to enable Heat Recovery algorithm in AK-PC 782A/B so it is necessary

to setup separately following action:

HR enable DO control based on HC1 signal and wire it to HR enable DI

{ct| Config: General purpose

3 R [
IE Thermostats -
@ Pressure switch

@ Voltage inputs

@| General alarm inputs
| General Pl

Y

Config: Voltage input 1

Show on overview
Name

Select sensor
Actual value
Actual state

Min. Readout

Max. Readout
Cut out
Cut in

Cut out delay
Cut in delay
High alarm limit
High alarm delay
High alarm text
Low alarm limit
Low alarm delay

Low alarm text

€ Change name

= Set voltage input
Min =0V
Max =10V

€ HR disable when HCT is lower than 0.5V
HR enable when HCT is higher than 1V
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Under Heat recovery menu select
Heat reclaim circuit

\| /0 configuration

Digital outputs [E” E“l | |‘
Load Mod. Pt Active at
Compressors

Compressor 1-MT 0- 0 ON
Compressor 1-LT 0- 0 ON
Compressor 1-IT 0- 0 ON
Fans

Fan 1 0- 0 ON
HP Control
V3ge 0- 0 ON
Heat recovery
M3hr 0- 0 ON
Additional heat 0- 0 ON
(Gen. purpose

HR enable DI 0- 0 ON

I/O configuration

Digital inputs B = =)
Alarm / Function Mod. Pt Active at
Ext. Main Switch 0- 0 Closed
All compressors:

Common safety MT 0- 0 Open
Common safety LT 0- 0 Open
Compressor 1-MT:

General safety 0- 0 Open
Compressor 1-LT:

|General safety 0- 0 Open
‘Compressor 1-IT:

General safety 0- 0 Open
Heat recovery

Hr enable 0- 0 Closed

QY= E et rp s WY )

< [f/3gcC is ON/OFF

& [fV3hr is ON/OFF

€ HR enable
Gen. purpose DO

== DD to enable HR
wired from "HR enable DI"
Gen. purpose DO
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/O configuration

Analog outputs E| E” | | @l‘

Function Mod. Pt  Type

Speed comp. MT-1 0- 0 0-10V

Speed comp. LT-1 0- 0 0-10V

Speed comp. IT-1 0- 0 0-10Vv

Condenser speed 0- 0 0-10V

HP Control

Vhp 0- 0 0-10V

V3ge 0- 0 CTR-20 | <€ |fV3gcisStepper
\Vrec 1 0- 0 CCMT-42

'Heat recovery

M3hr 0- 0 CTR20 ~<€—IfV3hrisStepper

T pa
I/O configuration

| Analog inputs | El | | El‘

Sensor Mod. Pt Type

AKS2050-59
Pt 1000

Po-MT suction... | 0- 0

S5s-MT suction ...  0- 0

Sd-MT discharge  0-' 0 Pt 1000

Po-LT suctionp...| 0- 0 AKS2050-58

Ss-LT suctiongas 0- 0 Pt 1000

Sd-LT discharge 0- 0 Pt 1000
0
0
1]
0

Ss-IT suctiongas = 0 - Pt 1000

|5d-IT discharge 0 - Pt 1000

Pc cond. pres. 0 - AKS2050-159

1Sc3 0 - Pt 1000

HP Control

Pgc 0- 0 AKS2050-159

Prec 0- 0 AKS2050-59

Sgc temp. 0- 0 Pt 1000

Shp temp. 0- 0 Pt 1000 & <= fsystem have V3gc
Heat recovery

Shr2 0- 0 Pt 1000

Shr3 0- 0O Pt 1000 = Protection sensors
Shr4 0- 0 Pt 1000

HCA 0- 0 0-10V | <€ HRU Heat consumer signal 0— 10V
Gen. purpose

Voltage input 1 0- 0 0-10Y | < \/oltage input used for

Voltage switch HR enable
u
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7.3 Setup with heat reclaim The external voltage signal is registered (the higher the value, the greater the need for heat). The
type = Max heat reclaim signal is converted by the HRU controller to 0-100% capacity and will have the following impact:
2/3 173 £

Sqc ref
offset

Pgc reﬂ
offset

Pump

Gas c.
bypass

5% 10% 25% 70% 80% 95%
HR request

5%  HRstop limit 70% Ref offset high

10% HR start limit 80% V3gc bypass stop limit
25% Ref offset low 95% V3gc bypass start limit

i 1/3
Sqgc ref
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Under Heat recovery menu
select Heat reclaim circuit

' Config: Heat recovery

— |
Heat reclaim circuit I@I @l | |§||i Svgﬁrci .
Stepper (On/Off) yp
V3hr output type DO
{Heat reclaim type Max heat recl...
| typ — No HP offset Select i
Control mode Auto Heat reclaim
type = Max
|Setpoint 55.0 °C Max heat reclaim heat reclaim
Use ext.ref.offset No HRU controls the water temperature.
Note in Max heat reclaim option there is
Thermostat band 50K no active thermostat control for the heat
Control signal Shr4 recovery mode. Select “Auto”.
Heat consumers 1 | | <= HRU isthe
Heat Consumer (HC1), select “1”.
Heat consumer filter 5s
Additional heat output Yes
Show advanced settings Yes
Flowswitch No
Kp 5.0
Tn 160 s
Tc max HR 27.0°C
HR end delay - MT stop 0s HRU is controlling the water pump but
. these values are valid for V3hr valve where
HR stop limit 5% heat recovery start and stop is based on
HR start limit 10 % heat consumer input signal.
Ref. offset low limit 25 %
S = |/\/ith Max heat reclaim option it is possible
Ref. offset high limit 70 % to adjust pressure ref offset limits depend-
Bypass control ing on HC signal request.
V3gc bypass stop limit 80 %
= [f selected V3gc ON/OFF valve type, setup
V3gc bypass start limit 95 % for start and stop limit depending on HC
HP control signal request.
Pgc max. 103.00 bar
Pgc max. limit P-band 5.00 bar
Pgc HR max 80.00 bar
) € The Heat Consumer (HC1) 0-10V sig-
Pgc HR min. 60.00 bar nal from HRU will increase or decrease
Pgc min. 50.00 bar the pressure in the gas cooler in range

R s e pre pr a e WY, T

between
“Pgc HR min” and “Pgc HR max”.
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General purpose menu

HRU doesn’t have digital output to enable Heat Recovery algorithm in AK-PC
782A/B so it is necessary to setup separately following action:

+ HR enable DO control based on HC1 signal and wire it to HR enable DI

Config: General purpose

SIS [EE
Thermostats None
&

I@_] Pressure switch None
Voltage inputs 1
Ei General alarm inputs None

| General Pl None

RAe e b et S e )

\J

Config: Voltage input 1

] T

Show on overview Yes
Name HR enable DI
Select sensor Voltage input 1
Actual value 0.0
Actual state OFF
Min. Readout 0.0
Max. Readout 10.0
Cut out 0.5
Cut in 1.0
Cut out delay 0 min.
Cut in delay 0 min.
High alarm limit 101.0
High alarm delay 5 min.
High alarm text Voltage input 1 H...
Low alarm limit -1.0
Low alarm delay 5 min.
Low alarm text Voltage input 1 ...

R P e r e pre WY oo

== Change name

= Set voltage input
Min =0V
Max =10V

€ HR disable when HC1 is lower than 0.5V
HR enable when HC1 is higher than 1V
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1/0 Configuration menu setup

% 00:000 AK-PC 782A -

/0 configuration

Digital outputs

[

Load hod.
Compressors

Compressor 1-MT -
Compressor 1-LT -
Fans

Fan 1 0-
HP Cantrol

Wage -
Heat recovery

W3hr 0-
Pump hr 0-
Gen. purpose

HR enable DI 0-

O configuration

Digital inputs Il =1

Pt Active at
0 O
0 O
0 O
0 O
0 O
0 O

E If V3gc is ON/OFF
If V3hr is ON/OFF

< HRenable
Gen. purpose DO

[E]]

Alarm / Function Mod.

Ext. Main Switch 0-
All compressors:

Common safety MT 0-
Common safety LT 0-
Compressor 1-MT:

General safety 0-
\Compressor 1-LT:
|General safety 0-
{Compressor 1-IT:
General safety 0-
Heat recovery

Hr enable 0-

Pt Active at
0 Closed
0 Open
0 Open
0 Open
0 Open
0 Open
0 Closed

<= D] to enable HR Wired from
“HR enable DI”

Gen. purpose DO
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/O configuration

Analog outputs [@| E]I | |]E||
Function Mod. Pt  Type
Speed comp. MT-1 0- 0 0-10V
Speed comp. LT-1 0- 0 0-10V
Speed comp. IT-1 0- 0 0-10V
Condenser speed 0- 0 0-10V
HP Control

Vhp 0- 0 0-10V
M3gc 0- 0

\Vrec 1 0- 0 CCmMT-42
'Heat recovery

M3hr 0- 0

/0 configuration

CTR-20 <€ |fV/3gc s Stepper

CTR-20 <= |fV/3hris Stepper

Pt 1000 <= |fsystem has V3gc

e Protection sensors

| Analog inputs | |E_|| | |||
Sensor Mod. Pt Type
Po-MT suction ... = 0- 0  AKS2050-59
Ss-MT suction... = 0- 0 Pt 1000
Sd-MT discharge  0- 0 Pt 1000
Po-LT suction p...  0- 0  AKS2050-59
Ss-LT suctiongas 0- 0 Pt 1000
Sd-LT discharge = 0- 0 Pt 1000
Ss-IT suctiongas = 0- 0 Pt 1000
|Sd-IT discharge = 0- 0 Pt 1000
Pc cond. pres. 0- 0 AKS2050-159
1Sc3 0- 0 Pt 1000
HP Control

Pgc 0- 0 AKS2050-159
Prec 0- 0 AKS2050-59
Sgc temp. 0- 0 Pt 1000
Shp temp. 0- 0

Heat recovery

Shr2 0- 0 Pt 1000
Shr3 0- 0 Pt 1000
Shr4 0- 0 Pt 1000
HCA 0- 0

Gen. purpose

Voltage input 1 0- 0

G e e P SO I

0-10Y <€ HRU heat consumer

signal 0 - 10V

0-10 V¥ <= \loltage input used for

Voltage switch HR enable
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7.4 Setup with heat reclaim The external voltage signal is registered (the higher the value, the greater the need for heat). The
type = HP offset and signal is converted by the HRU controller to 0-100% capacity and will have the following impact:
temperature reference

Max. f 1is

Sgc normal S 13
control Sge ref

[
.

3

£t
en aBd

3 P13
0 . 10V
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Config: Heat recovery

Heat reclaim circuit @l |

V3hr output type

I3
DO
HP offset

Heat reclaim type

Control mode Auto
Setpoint 55.0 °C
Use ext.ref.offset No
Thermostat band 50K
Control signal Shrg
Variable speed No

Heat consumers 1

Heat consumer filter 5s
Additional heat output Yes
Show advanced settings Yes
Flowswitch No
Kp 5.0
Th 160 s
Tc max HR 27.0°C
HR end delay - MT stop 0s
HP control

Pgc max. 103.00 bar
Pgc max. limit P-band 5.00 bar
Pgc HR max 80.00 bar
Pgc HR min. 60.00 bar
Pgc min. 50.00 bar

Ro=s 72 prnprc e @Y oot 1

Select
Heat reclaim
type = HP offset

MNo HP offset
A s HP offset

I Max heat reclaim

HRU controls the water temperature, but
Control Mode has to be “Auto” to be able
to utilize HP control with 0— 10 volt.

<€ HRU is the heat consumer, select “1”

€ The heat consumer 0-10V signal from
HRU will increase or decrease the pressure
in the gas cooler in range between
“Pgc HR min” and “Pgc HR max”.
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General purpose menu

With HP offset option it is necessary to setup separately following actions:

- Hot water protection based on Shr8 temperature sensor

« V3hr valve control based on HC1 signal

- HR enable DO control based on HC1 signal and wire it to HR enable DI

@ Config: General purpose

] = |
| & Themostats 1
|2 | pressure switch None
I'if,'] Voltage inputs 2
IE"-J- General alarm inputs None

General Pl None

RS S E s E rn prp i Y ob b

\J

Config: Thermostat 1

3]
Show on overview Yes
Thermostat name HR boil protection
Select sensor Shrg
Actual temp. -
Aclual state -
Cut out temp. 95.0 °C
Cut in temp. 90.0 °C
High alarm limit 95.0 °C
High alarm delay 5 min.
High alarm text Hot water 95°C
Low alarm limit -80.0°C
Low alarm delay 5 min.
Low alarm text Thermostat 1 L...

e R E e e s S o
Boil protection is done with thermostat

function by use of Shr8 temperature sensor.

Thermostat DO have to close externally V3hr
valve.

Note:

ECL on HRU will automatically decrease HC1
0- 10V signal if temperature is too high.
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Show on overview

Name

Select sensor
Actual value
Actual state

Min. Readout
Set voltage input

Max. Readout Min=0V: Max =10V
Cut out

. HR disable when HC1
Cut in is lower than 0.5V
Cut out delay HR enable when HC1
Cut in delay is higher than 1V

High alarm limit
High alarm delay
High alarm text
Low alarm limit
Low alarm delay
Low alarm text

IE Config: Voltage input 2

Show on overview

Name

Select sensor
Actual value
Actual stale
Min. Readout
Max. Readout

= (Change name

Cut out
Cutin

Off - V3hr when HC1 is lower than 0.5V

Cut out delay
Cut in delay
High alarm limit
High alarm delay
High alarm text
Low alarm limit
Low alarm delay

Low alarm text

On - V3hr when HC1 is higher than 1V
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1/0 Configuration menu setup

| 1/0 configuration

Biila it =l | =

Heat recovery

V3hr 0- 0 ON t
Pump hr 0- 0 ON

Load Mod. Pt Active at

Compressors

Compressor 1-MT 0- 0 ON

Compressor 1-LT 0- 0 ON

Compressor 1-IT 0- 0 ON

Fans

Fan 1 0- 0 ON

HP Control

Vage 0- 0 ON <& IfV3gcis ON/OFF

Not used; Set 0 -0
Not used with HRU; Set 0 - 0

Additional heat 0- 0 ON

Gen. purpose

HR boil protection 0- 0 ON Boil protection

HR enable DI 0- 0 ON HR enable Gen. purpose DO

On-Off Vhr 0- 0 ON V3hr external control

1/0 configuration -

Digital inputs E ==

Alarm / Function Mod. Pt Active at

Ext. Main Switch 0- 0 Closed

All compressors:

Common safety MT 0- 0 Open

Common safety LT 0- 0 Open

Compressor 1-MT:

General safety 0- 0 Open

\Compressor 1-LT:

|General safety 0- 0 Open

‘Compressor 1-IT:

General safety 0- 0 Open

Heat recovery

Hr enable 0- 0 Closed <= Djto enable HR Wired from
“HR enable DI"” Gen. purpose DO

RY= 2 pop 2 WY o)

70 | AB417146452873en-010201

© Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

I/0 configuration

|
Analog outputs 2 | | @li
Function Mod. Pt Type
‘Speed comp.MT-1 | 0-/ 0 0-10V
Speed comp. LT-1 0- 0 0-10V
Speed comp. IT-1 0- 0 0-10V
Condenser speed 0- 0 0-10V
HP Control
Vhp 0- 0 0-10V
Vrec 1 0- 0 CCMT..

I/O configuration

Analog inputs | E_ll | | IEll

Sensor Mod. Pt Type

AKS2050-59
Pt 1000

Po-MT suction...  0- 0

Ss-MT suction... = 0- 0

Sd-MT discharge  0- 0 Pt 1000

Po-LT suctionp... 0-| 0  AKS2050-59

Ss-LT suctiongas 0- 0 Pt 1000

Sd-LT discharge = 0- 0 Pt 1000

Ss-IT suctiongas  0-/ 0 Pt 1000
0
0
0

|Sd-IT discharge | O - Pt 1000

Pc cond. pres. 0 - AKS2050-159

15c3 0- Pt 1000

HP Control

Pgc 0 - 0 AKS2050-159

Prec 0- 0 AKS2050-59

Sgc temp. 0-'0 Pt 1000

Shp temp. 0-' 0 Pt 1000 | <€ Ifsystem have V3gc
Heat recovery

Shr2 0- 0 Pt 1000

Shr3 0-' 0 Pt 1000 = Protection sensors
Shrd 0- 0 Pt 1000

HCA1 0-' 0 0-10Y | <= HRU Heat consumer signal 0— 10V
Gen. purpose

Voltage input 1 0- 0 0-10V | <= \lltageinput used for

Voltage switch HR enable and V3hr
;‘i E @
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8. Maintenance
recommendations

8.1 ECL portal surveillance

8.1.1 Examples of the
monitored values

8.1.2 ECL portal alarms
setup

To ensure stable and efficient operation of the HRU and Cooling Pack, Danfoss recommends connect-
ing unit to ECL Portal for surveillance, regular maintenance, and service.

Automatic mail alarms can be set up in ECL Portal. By utilising them, failures or improper operation
can be detected.

Alarms can be set on all sensors connected to the unit together with heat meter information. Internal

controller alarms can be also sent by e-mail. Monitored values can be:

+ Heat recovery circuit “Volume Flow” or “Energy forward” to monitor if heat reclaim is working
(Portal alarm)

+ CO,inlet temp. to monitor if cooling pack operates in heat reclaim mode (Portal alarm)

+ Heating flow temp. to monitor if heating is supplied to the building (ECL Alarm)

- Heating return temp. to monitor if heating system operates in efficient way (Portal alarm)

Alarms can be set on all sensors connected to the unit together with heat meter information. Internal

controller alarms can be also sent by e-mail. Monitored values can be:

+ Heat recovery circuit “Volume Flow” or “Energy forward” to monitor if heat reclaim is working
(Portal alarm)

« CO,inlet temp. to monitor if cooling pack operates in heat reclaim mode (Portal alarm)

+ Heating flow temp. to monitor if heating is supplied to the building (ECL Alarm)

- Heating return temp. to monitor if heating system operates in efficient way (Portal alarm)

Recipient

[[MAIL] Test @danfoss.com v]
Device

| P501.12 example i1 (ECL) M
Channel

| Ci 1, flow temperature v|

In this menu, alarm can be configured.

Choose Recipient e-mail address, Device data source (application, heat meter or sensor) and moni-
tored value in Channel. Click next.
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Recipient [MAIL] test@danfoss.com
Device P501.12 example i1 (ECL)
Channel Ci 1, flow temperature

Name

Max.

Active
Limited period

Period
Start End
| 00:00 v || 24:00 v

[] Monday [] Tuesday [ ] Wednesday [ ] Thursday
[] Friday [ ] Saturday [ ] Sunday

In this menu, put Name, Min. and Max. value of the monitored parameter. You can also choose if
monitoring should be continuous or only in required periods.
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8.2 Maintenance plan
(recommendation)

8.3 Service recommendation

The most important actions for main components and assemblies are summarized in below table.
Other instructions for components not specified in this application guide can be found separately in

the component’s instruction attached to unit documentation.

Interval

Maintenance

Comments

Every 2 months

Check all connections

If necessary, re-tighten and / or
replace seals

Check all parameters to nominal /
actual values or admissibility

If excessive, restore proper
parameters

Clean strainers

If necessary

General visual inspection of all
components

In case of visible damage, perform
a functional test and if necessary,
replace the component

Every 6 months

Perform a functional test of the
safety valve

Open the safety valve for a short
period of time

Perform a functional test of
the electrical and electronic
components

Manually switch the pump or open
and close the actuator

Perform an electrical test of the
safety devices

Temperature monitor, sensors and /
or limiters

Clean strainers

If necessary

Every 12 months

Perform a functional and usability
check of all components

For example, open and close the
shut-off valves

Perform a visual inspection of
substation’s appearance

Color (rust), insulation

Check the heat exchanger

In case of contamination, clean /
descale as needed

Perform a visual inspection of the
heat meter and water meter

Check legalization period

Perform a visual inspection of the
measuring devices

Manometer, thermometer

Perform a visual inspection of the
expansion vessels

Shape of vessels, tamper head,
tightness of the membrane

Because of seasonal changes in operation of heating and refrigeration system throughout the year,
it is important to make adjustments in the system during the first heating season after commission-
ing. Danfoss recommend continuous monitoring of the unit in the ECL Portal (including alarms) and
servicing the unit at least once per year.
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9. How to select the

Heat Recovery Unit

For selecting HRU it is necessary to determine following conditions:
+ Maximum CO2 temperature which will enter CO2/water heat exchanger in the heating season. This
value depends on discharge pressure during heat recovery operation mode and system layout (are

tween 2K to 5K.

there only medium temperature compressors or there are also parallel compressors).
- Temperature difference between water return and CO2 exit temperature. Proposed value in be-

- Water return (6) and supply (5) temperature on CO2/water heat exchanger.

selection software.

These values are required for selecting CO2/water heat exchanger (not part of HRU). How much heat
can be recovered on selected heat exchanger you will get from the manufacturer heat exchanger

s =ere=f-
b
t=32°C | " t=98°C
\ GC/ \
» Heat recovery I
b %
80 bar(a) |
80,0 —
— \
© \
- H
© \
— \
o] \
|
= 3
7
o 40,0
-l
o

v
\
\
\
|
[

20,0
150,0

!
i

]
\
'
A

250,0

350,0 450,0
Enthalpy kJ/kg

+ Heating supply (3) and return (4) water temperature

+ Requested heating capacity (or volume flow) demand
- HRU application A1, A2, A3, A4, A6 or A7

550,0
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Application A1
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6 Return to cooling unit

7 DH supply

5 Supply from cooling unit
8 DH return

1 DH supply

2 DHreturn

3 Heating supply
4 Heating return
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Example:

During maximum heat recovery request mode, pressure in the CO2 system is controlled on 80bar.
When reaching maximum condition, temperature determined by optimum COP line is around 32°C.
Water return temperature from the heating system and entering into the CO2 heat exchanger is

30°C (best performance is if return temperature is between 26°C and 30°C). Temperature difference
between water return and CO2 exit temperature on the heat exchanger is 5K. This will result CO2 tem-
perature out of the heat exchanger is 35°C. Rest of the heat to 32°C will be released to the ambient via
the Gas Cooler. Water supply temperature is 70°C. CO2 heat recovery capacity is 140kW.

Heating demand capacity is 200 kW with supply temperature 60°C.

HRU Application A1

Heat recovery volume flow:

- Supply from cooling unit (5) = 70°C
« Return to cooling unit (6) = 30°C

+ Heat recovery capacity =140 kW

v =

Heat supply volume flow:

+ Supply temperature (3) = 60°C
« Return temperature (4) = 30°C

v =

v = L X 3600
p X ¢ X AT
140 kW
B kg k]
1000 m3 X 4-,181kg—K X 40K
+ Heating demand capacity = 200 kW.
v = L X 3600
p XcXxXAT
200 kW
B kg k]
1000 3 X 4,181kg—K X 30K

m
x 3600 = 3,01 —

m
X 3600 = 5,747

3

h

3

Match in selection list table max volume flow values higher than calculated.

* Capacity based on 30K temperature difference

** Capacity based on 40K temperature difference

Heat reclaim capacity
up to 100 | up to 150 | up to 300 | up to 400| kW Capacity **
- |Capacity* | min. Flow | max. Flow 0,03 0,04 0,06 0,10 m3/h min. Flow
c kW m3/h m3/h 2,15 3,23 6,45 8,60 m3/h max. Flow
g up to 22 0,20 0,62 146B9108[146H9109
g up to 54 0,43 1,55 146B9120 146%121 146B9122(146B9123
o [up to 85 0,65 2,44 146B9126(146H9127|146B9128|146B9129
£ [up to 135 1,50 3,87 146B91321146991331146B9134(146B9135
® |up to 216 2,50 6,20 =+659+98] 146B9139]1146B9140|146B9141
g up to 337 4,00 9,66 146B9144(146B9145|146B9146|146B9147
up to 540 4,00 15,49 146B9150[146B9151|146B9152]|146B9153
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Selection list tables:

Al Heat reclaim capacity
up to 100 | up to 150 | up to 300 | up to 400| kW Capacity **

- |Capacity* | min. Flow |max. Flow 0,03 0,04 0,06 0,10 m3/h min. Flow
c kW m3/h m3/h 2,15 3,23 6,45 8,60 m3/h max. Flow
E up to 22 0,20 0,62 146B9108|146B9109
g up to 54 0,43 1,55 146B9120|146B9121]|146B9122|146B9123
o |[up to 85 0,65 2,44 146B9126(146B9127|146B9128|146B9129
£ |upto 135 1,50 3,87 146B9132[146B9133|146B9134|146B9135
% [up to 216 2,50 6,20 146B9138|146B9139|146B9140[146B9141
g up to 337 4,00 9,66 146B9144(146B9145|146B9146|146B9147

up to 540 4,00 15,49 146B9150/146B9151)146B9152|{146B9153

* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference

A2 Heat reclaim capacity
up to 100 [up to 150 | up to 300 | up to 400 | kw Capacity**

- | Capacity* | min. Flow | max. Flow 0,03 0,04 0,06 0,10 m3/h min. Flow
c kwW m3/h m3/h 2,15 3,23 6,45 8,60 m3/h max. Flow
E up to 135 1,50 3,87 146B9164|146B9165

g up to 216 2,50 6,20 146B9168|146B9169(146B9170

o |up_to 337 4,00 9,66 146B9173|146B9174|146B9175|146B9176

£ [up to 540 4,00 15,49 146B9179|146B9180|146B9181|146B9182

-

3

T

* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference

A3 Heat reclaim capacity
up to 100 [ up to 150 | up to 300 | up to 400 | kW Capacity**
- Capacity* | min. Flow [max. Flow 0,03 0,04 0,06 0,10 m3/h min. Flow
c kwW m3/h m3/h 2,15 3,23 6,45 8,60 m3/h max. Flow
E up to 22 0,20 0,62 146B9191|146B9192
g |up to 54 0,43 1,55 146B9203|146B9204[146B9205|146B9206
o [up to 85 0,65 2,44 146B9209|146B9210[146B9211|146B9212
£ |up to 135 1,50 3,87 146B9215|146B9216(146B9217|146B9218
™ |up to 216 2,50 6,20 146B9221|146B9222|146B9223|146B9224
g up to 337 4,00 9,66 146B9227|146B9228(146B9229|146B9230
up to 540 4,00 15,49 146B9233|146B9234(146B9235]|146B9236
* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference
A4 Heat reclaim capacity
up to 100 [ up to 150 | up to 300 | up to 400 | kw Capacity**
- | Capacity* | min. Flow | max. Flow 0,03 0,04 0,06 0,10 m3/h min. Flow
c kwW m3/h m3/h 2,15 3,23 6,45 8,60 m3/h max. Flow
E up to 135 1,50 3,87 146B9247|146B9248
g lup to 216 2,50 6,20 146B9251|146B9252[146B9253
o [up to 337 4,00 9,66 146B9256|146B9257(146B9258|146B9259
£ [up to 540 4,00 15,49 146B9262|146B9263[146B9264|146B9265
3
I
* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference
A6 Heat reclaim capacity
up to 100| kW Capacity**
- | Capacity* [ min. Flow | max. Flow 0,03 m3/h min. Flow
c kW m3/h m3/h 2,15 m3/h max. Flow
g up to 22 0,20 0,62 146B9400
g up to 54 0,43 1,55 146B9401
o | _up to 85 0,65 2,44 146B9402
.f_f
3
I
* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference
A7 Heat reclaim capacity
up to 100 kwW Capacity**
Capacity* | min. Flow | max. Flow 0,03 m3/h min. Flow
E kW m3/h m3/h 2,15 m3/h max. Flow
g up to 22 0,20 0,62 146B9403
g up to 54 0,43 1,55 146B9404
o |up to 85 0,65 2,44 146B9405
£
3
I

* Capacity based on 30K temperature difference
** Capacity based on 40K temperature difference
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Same HRU selection using Coolselector
Select within Commercial applications > Heat recovery unit

¥ Coolselector2 - Untitled.csprj

- 0
File Options Tools Help About [Search tor product, code number v
'VALVES AND LINE COMPONENTS
<
'COMPONENTS IN SERIES
M_M Cold room Transaritical high pressure side
COMPRESSORS AND CONDENSING UNITS
ELECTRONIC CONTROLS
888
INDUSTRIAL APPLICATIONS
[ it S
COMMERCIAL APPLICATIONS
SENSORS AND SWITCHES
® ® -0
CUSTOM APPLICATIONS
@@ i
®
Heat recovery:
« Supply from cooling unit (5) = 70°C
« Return to cooling unit (6) = 30°C
« Heat recovery capacity =140 kW
Heat supply:
« Supply temperature (3) = 60°C
« Return temperature (4) = 30°C
+ Heating demand capacity = 200 kW.
Indirect connection ; eg connection to the District Heating
Heat resale option
File Options Tools Help About Report  Bill of Materials | | Search for prodict, code rumber v [ Copy Selection [}, Screen Dump
Heat recoveryunit1 X + New
System configuration: System capacity:
Number of buffer tanks: 1 @2 Heating: st recoveyy
Connection to extermal heat source: Supply temperature (3): 60,0 «C Charging temperature (5): 7,0 <
Indirect connection Return temperature (4): 30,0 Return temperature (6): 30,0 «c
S— - Heating demand v 200,0 kw Capadty v 140,0 kw
¥ Indude possbilty of heat resale!
Volume flow: 5,74m"3h Volume flow: 3,014m~3h
Selected unit at selected conditions:
.]H Documents and Visuals... Heating: Heat recovery:
Selected code number: 14689139 Flow [m"3/] Capacity [W] | Velocity fms] Flow [m~3h]  Capacity K] Velocity [m/s]
= Min 25 87,10 0,48 Min 0,035 1,626 0,01
Max 6,211 216,4 1,18 Max 3,238 150,4 0,62
Selected 574 200,0 1,09 Selected 3,014 140,0 0,57
Legend:
1 source, swpply (T) p—{ ] > ®
2: External heat source, return
3: Heating, supply

4: Heating, return @
5: Heat recovery, charging

6: Heat recovery, retum
7: Heat resale, supply

8: Heatresale, retum @

4
®
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10. How to set up system
manager (800A) to
operate with Danfoss
Heat Recovery Unit
(HRU)

10.1 Connect HRU to Wiring diagram ECL to the System Manager:
a system manager
through Modbus Part of terminal box in HRU

ECL Bus M-Bus M-Bus

|[coooooogkc

OGIHEAEI B 38 59
4 X3|

¥§ggf§+ € &) € &) € & & 62)
TP36=CGnd o[ Wb MoBos
3
OT
=
B
SM850A
Supply Relay 1 Relay 2
r/"r_] l'/'lr_] MODBUS 2 LON
112]3] [5[6]7] [8]9[0 [28]29]30]
[ [
LJJ l, A" B b A B
100-240VAC N
o— NN v U

It is possible to use MODBUS 2 as a substitute for MODBUS 1

All devices in the network must used in the same communication settings, i.e. multiple
communication are not allowed. The module can operate with

- 9600, 19200 or 38400 (default) baud rate

- 1 start bit

- 8 data bits

- even parity

- 1 stop bit

(in total 11 bits)

80 | AB417146452873en-010201 © Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

10.2 Download latest Go to AK-SM 800A series webpage:
EDF package AK-SM 800A Series | Danfoss

Locate the Downloads section and select AK-SM800A Latest EDF package.

Products - Marketsweserve.  Servicesndsupport.  AboutDanfoss.  Careers  Contactus

AK-SM BOOA Series

Overvien Downloads  Documents

Related products

AK-SM 800A Series

AK-SM B00A series software
package

Download the latest AKSMB00A 1y
firmware

Downloads

AK-SM800A Latest software package

3.26.5pK (Dec. 20, 20221, NOTE: This package <an b
193 or sbave. For devices using older operating Syst

1 all devices running Danux version
tallation of the newest Danux (avalable beiow

3) PDFfile - Supported devices with version 3.26 [Note: this package only includes devices that come bundied with AK-
‘SMBDOA package. however your system may still contain additional devices previously added)

Operating System

) DanuxVersion 4.14.011.193Ipk

AK-SM800A Latest EDF package

3) AK-SMSODA LatestEOF package (Jan.5,2023)  (3) POF File - Listing of supported devices in this package

Click on the "AK-SM800A Latest EDF package" to begin the download.
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10.3 Add ECL Controller Login to the system using your username and password.
to System Manager
Software

System Manager 800A

Version svB5010.153

Once logged in, you will land on the Dashboard where you can view the overview of the System
Manager and units connected to it.

Click Menu button.

Alarms Updated 11:5501 Q 4| |Refrigeration Updated 11:5525 * ™
Unit Device Name Address. Alarm Type Occurred i Unit Name. Address. Status. Value Setpoint. Alarm
0 AK-SM850A 0 NTP Failure. 2501723 11:03. 0 Heat Recovery Unit 6

0 a3 f onine 0 00

o aecm n s

0 Condensers 1 oFF 00 287

0 HP conval " oFF NN 8ar s08x

0 Roceiverconiol 11 oFF 08ar 3008

0 Hoatrecim 11 oFF NanC ss0°c

0 Stonmr 1t oFF Nan s0'c

Select EDF Update from the menu options.

‘H ENGINEERING TOMORROW

@ Q o 4 B3

Information Dagnoste Log Sefvare Upgrade Operatng System EDF Update Expen Database impen Database
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In the EDF Update section, select Local Stored File as the update method.

Home / EDF Files Update

Please select one of the ways to update EDF files

I Local Stored File

Web Connectivity

Export Device List File

Cancel

Version EU01.001.024

Click on Choose File. Select file downloaded in step 10.2 and press open.

Home / Download Method / EDF Update Select

Enter location of EDF update file
| [

Update
Description

@ Upgrade Software:

——

The file should now be visible in the Upgrade Software section.

Home / Download Method / EDF Update Select

Enter location of EDF update file

[ Choose File | sM800A..5 (1)epk
Update
Description

@ Upgrade Software:

Press Stage EDF Package.

Home / EDF Download Method / EDF File Selection

Update EDF(s)
@ Select All EDFs

Show 10 ¢ entries

Filename

Showing 10 10 of 542 entries 542 rows selected

Installed EDF(s)

SM8OOA_EDF_Package_20230105 (1).epk

Version EU01.001.024

Version EU01.001.024

Search:

Previcus.Z 3 4 5 .. 55 Next
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Scroll down and under the Installed EDF(s) section, press Install Selected EDF Files. An Attention
alert will pop up, press OK.

=7 UBULUTIB.CAS w191y V1700723 0159
@ 08020119.ed3 81979 01/06/23 07:59
Showing 1 to 10 of 542 entries 542 rows selected Prewousnz 3 4 5 .. 55 Next

Installed EDF(s)

Show 10 ¢ entries Search:
Filename T Size Date
080X1205.ed3 47566 01/25/23 11:01
080X1208.ed3 50761 01/25/23 11:01
080X1209.ed3 47608 01/25/23 11:01
080Z0106.ed3 42509 01/25/23 11:01
080Z0111.ed3 84226 01/25/23 11:01
080Z0112.ed3 84226 01/25/23 11:01
080Z0116.ed3 81979 01/25/23 11:01
080Z0117.ed3 81979 01/25/23 11:01
080Z0118.ed3 81979 01/25/23 11:01
08020119.ed3 81979 01/25/23 11:01

Showing 1 to 10 of 550 entries Prewousnz 3 4 5 .. 55 Next

Install Selected EDF Files

Version EU01.001.024

Attention

By clicking OK the unit will be taken offline for approximately 3
minutes. System Manager willrestart with the 542 selected EDF
files loaded. Connection will be lost temporarily. Please reconnect
after 3 minutes if the page does not auto refresh.

o

If the update is successful, a page will show up. Press Home and then close the Menu to get back to
the Dashboard.

(v 4 The EDF Files have been updated successfully.

Version EU01.001.024

*Note: HRU will be visible in the Refrigeration section not in HVAC.

84| AB417146452873en-010201 © Danfoss | DCS-SGDPT/PL | 2023.05



Application Guide | Heat Recovery Unit

In the top bar, click on Configuration.

ENGINEERING TOMORROW

Alarms  System View Graphic View Detail Schedules Info History Configuration

Alarms Updated 123023 g, 4| |Refrigeration Updated 123025 ¢I¢ ok
Unit Device Name Address. Alarm Type Occurred ki Unit Name Address. Status. Value Setpoint Alarm
No data to dispiay o AP T8 " a

0 CondenserA 11 oFf a0 1287

o # convl " oFF N 8ar sr08ar

0 Recahercontrol 11 oFF 1080 3008ar

0 Hoatrocaim 11 oFF NanC ss0c

0 Stonmr 1t oFF Nan s0'c

This page has three sections: System Setup, Refrigeration, HVAC. Select Layout in the Refrigeration
section.

7 G <
?a” fudj  ENGINEERING ToMoRROW

# File Dashboard Alarms SystemView Graphic View Defail Schedules Info History

Location:  » Configuration Address: 024

Wizargs  Tim ystem  Comm  Alam: ontol Network Nods story

System Setup

C

Preterences users Licensing

Refrigeration

Layout copy
HVAC
Layout copy

A briefing for the Refrigeration Configuration wizard will pop up. To move forward, click on the arrow
(Next) in the right corner of the top bar.

Z)‘”’ f4g ~ ENGINEERING ToMORROW

X Remrigeration Oesssees »

=

Welcome to the Refrigeration Configuration wizard

‘This wizard wil guide you through the relevant screens to
define and configure your Refrigeration system layout. Once
your Refrigeration devices have been defined you can map to
form Refrigeration suction groups.

To exit the wizard at any time, press the (X) button, use the
‘previous’ left arrow) and ‘next’(right arrow) buttons to
navigate through the wizard

IMPORTANT NOTES: For Multi-suction Pack devices ensure
the device is first configured (via the se of AK-ST 500) for
correct # of suction groups. Only ‘generic’ Danfoss Pack
controls are support in the layout wizard.

CAUTION: Any rearrangement of assets using the layout
wizard may affect Alsense monitoring services. If this site is
monitored by Danfoss services, please contact and advise of
planned changes
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Network page opens. Make sure that needed buses are Enabled. Press the Next in the top bar again to
access the Discovery site.

ENGINEERING TOMORROW

080G NES »

5 Channel LONHKORKS Enabled
Use this wizard to select your relevant field bus type. Double-

click a line to make your selection. If Modbus/RS485is enabled 5 Channel MODBUS 1
You may select SLV for the Danfoss variable speed
compressor here.

& Nusber of polls
Note: When selecting SNMP as a local bus, you will be T2t (s B (e o
required to enter a valid IP subnet address range used by
Danfoss SNMP controls. > T Yes
& Channel MODBUS 2 Disabled
Channe1 swP Disabled

Channel AK-IP / PI-200

o Network Connection ETHL
AK-TP Status Found @ Devices.
PI-200 Status Found no Gateways

This will allow to access online devices, in this case the System Manager. Verify that its status is green.
Press Rescan to scan and verify both the Heat Recovery Unit and System Manager.

M ENGINEERING TOMORROW

<« X Discovery S800000e »

=

Refresh

B 1 0nline devices (S Reresh |
This wizard screen allows you o scan or re-scan the local bus ' 0 Duplicate address
i ine programmin
network(s) configured on the previous screen & include oftine programming
Status Neme Address Model Type Code # Version Device Bus

AKPC 7828 n AKPCTE2AB037x PACK 08020192 037% LoN

All relevant data should be uploaded. To continue, press Next again to get to the Compressors page.

?a /44 ENGINEERING TOMORROW

« X Discovery S800000S »

@ [ Rescan Refresn

2 Online devices
B 0 Duplicate address

‘This wizard screen allows you to scan or re-scan the local bus

network(s) configured on the previous screen Include offine programming
Status Name Address. Model Type Code# Version Device Bus
| AP 7628 " AKPCTB2ABA37x PACK os0z01s2 037x Lon

| HrRECOVERVO2aE 6 HT-RECOVERY-02xx PACK P501-12 02 MODBUS 1

Compressors page gives overview of Compressor Controls.

M ENGINEERING TOMORROW

« X Compressors 0000000 »
@ Compressor Controls “Add Copy Remove
This screen allows you to order and manage compressor o liirmos; b Sucton Groupe

controllers discovered on the local field bus network(s). Only
Pack devices can be managed via the layout wizard, any 3 AKPCTE28 " AK-PCTE2AB-037x 08020152 AK-PC T82A8 Pack control v3.7x 1
RACK I/0 system configured wil block the use of the wizard

HT-RECOVERY-020:6 6 No compressor 0
Notes: Compatible Mult-Suction Pack controllers that have
been scanned wil initially appear in this screen as 0 suction
groups. Manually set the suction group number via the suction
group input box for that pack, matching the actual Pack
configuration

The AK-ST 500 (service Tool)is required to configure your
Pack controllers.

R fa name per

‘The ADD button supports the creation of ‘No compressor or
‘single suction group Pack controls’. Do not use the ADD
button for multi-suction capable devices (suction group count
remains at 1).
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For a more concise view, there is an option to rename units by clicking twice on the current name.
Then press Next.

?a é ENGINEERING TOMORROW

<« X Compressors S8000000 »

@ Compressor Controls

Add Copy Remove
This screen allows you to order and manage compressor _— o o Suction Groups

controllers discovered on the local field bus network(s). Only

Pack devices can be managed via the layout wizard, any ’ AKPC 7828 " AK-PCT82AB-037x 08020192 AK-PC 7828 Pack control v37x 1

RACK 1/0 system configured will block the use of the wizard
il

Notes: Compatible Multi-Suction Pack controllers that have
been scanned wil initally appear in this screen as 0 suction
groups. Manually set the suction group number via the suction
group input box for that pack, matching the actual Pack
configuration

‘The AK-ST 500 (service Tool) is required to configure your
Pack controllers.

name per

The ADD button supports the creation of ‘No compressor’ or
single suction group Pack controls’. Do not use the ADD
button for multi-suction capable devices (suction group count
remains at 1).

Press Next again to get to the Circuits site. Press Next.

f4y ~ ENGINEERING TOMORROW

« X circuits 0000000 »
B Case Control Add | Copy Remove
‘This wizard screen allows you to manage case controllers Name Address Model

discovered on the local bus network.
No data to display
Use the Add button to add a new offiine device. Edit model, =
name, and address by double-clicking in the appropriate field.
Note: not all device types allow editing of all fields and the
‘addresses of I/0 points are set outside this wizard

You may also add new offine devices by selecting an existing
device and pressing the Copy button

Selecting the case type will set the relevant graphic on device
detail screens.

The next page, Suction group mapping, shows the mapping of Case Controls to Pack Controls,
forming suction groupings. Press Next.

{44  ENGINEERING TOMORROW

< X suction group mapping 000000 »
‘This screen allows the mapping (via drag N drop) Case Compressor Controls Available Cases

controls to Pack controls, forming suction groupings. The
following features are supported

® Norecoras o displa
- Drag N Drop Case devices to and from Pack/Pack suction PR AK-PC 7828 1 AT i Y
groups
- Movelre.order Case devices within same suction group or s (e 5 .
move to new Pack suction group

- Movelre-order Pack controllers

Tip! Use the SHIFT or CTRL keys to select and drag multiple
devices.

Tipl When moving Case controls to Pack/Suction group the
target Pack/Suction group will show a full red outiine, indicating
acceptance of move

Tipl Case controllers can be selected by clicking anywhere on

the Case row, for Pack selection and movement use the 6-dot
‘move' icon

The Summary is a final approval step before sending the configuration to the System Manager. Press
Finish.

M ENGINEERING TOMORROW

This screen presents your previous device mappings for your
final approval. You may set the addresses of offine controllers
here or retun to previous screens to make modifications

OO OOOOC Finisn

Final Refrigeration Layout

Press the finish button to send your configuration to the SM850 Heat Recovery Unit 6 PACK No compressor

and close the wizard.

Please wait for configuration to complete before exiting this Sensors 6 Suction

screen

=
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10.4 Present live readings
from HRU

After configuring, the Configuration Status will pop up. Press OK.

Configuration Status

The refrigeration layout setup has completed successfully. Press the ok button to exit
this wizard

OK

You will go back to the Configuration site again. In the top bar, choose Detail.

/7 Gl 5
?a” f4g  ENGINEERING TOMORROW

File Dashboard Alarms SystemView GraphicView Detall Schedules Info History

Location: » Configuration Address: 074"

To view data for each sensor, choose Sensors in the section above Status.

2 '{JJ ENGINEERING TOMORROW

# File Dashboard System View _Graphic View Schedules Info History Configuration
%% Refrigeration Overview  Alarm  Historylog  Stats/Settings  Schedules. Status/Settings : Sensors #0 & |-
v @ HeatRecovery Unit i
Status Oniine o Tistory confgured
Sensors Alarm oK
> @ akecre Address 5
Setpoint w0°c
CurrentValue 4505 °C ‘ S
Model HT-RECOVERY-02xx
Status Updated 13:22557 Settings Updated 13:22:58
S1 Sensor 45.07 °C i No data (or not authorized)
S2 Sensor 44.84 °C
$3 Sensor 192.00 °C
S4 Sensor 44.83 °C
S5 Sensor 45.05 °C
S6 Sensor 44.83 °C
S7 Sensor 45.23 °C
HVAC
= S8 Sensor 43.91 °C
Q Lighting
g 59 Sensor 192.00 °C
¢ Miscellaneous Device Alarms lNe alams detected

Click Menu button.

T

= File Alarms  System View Graphic View Detail Schedules Info History Configuration

Choose Graphic Editor.

ENGINEERING TOMORROW

Press Manage Graphics.

Home / Graphic Editor

o] [Prmrenr

In the Graphic Project Tool, choose the file in the Web screens graphics file count.
The file should be in the jpeg, jpg, or flp format.
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Change the Local screen graphics file Count from 0 to 1, and then Save it.
(Note: you can upload up to 5 files)

Graphic Project Tool - Add or delete graphic files: Unit 0

This wizard will help you to manage graphic project files.
To add files, enter the total number of files with the file count boxes.
Click the *X' beside an existing filename to delete.
Local screen graphics file count: o Web screens graphics file count:

[sitefp1.fip x

Click on Browser View.
Under SM Datapoint in the left section, click on Device and choose the IP address.

Home / Graphic Editor

R ... [ ... ...ocoe
SM datapoints SMLoat Sren

Search sitefpifip ¢ | Editimage for web view. ﬂ | | 49%
Analog Sensors s
Digital Inputs HRU fouornow
Relays Outputs

Variable Outputs

192.168.50.110:443

Import Image  Export Image

Version GE01.002.042

This will display an overview of the sensors in the system.
To place Sensors into the chart, grab them and place them in the desired location.
The same principle applies for Controllers.

=5

Home / Graphic Editor

New  Open Save |Import Export  Manage Graphics

SM datapoints SM Local Sereen Browser View
B sitefolfip s | Editimagefor webview, ﬂ u 19%
Analog Sensors v
o 09
Pionalipus g © HRU R i

Relays Outputs -

Variable Outputs

\ 4

Devices

A

192.168.50.110:443 {
Heat Recovery Unit

1 Sensor

52 Sensor
53 Sensor

54 Sensor

S5 Sensor %

S6 Sensor
S7 Sensor Import Image  Export Image

S8 Sensor
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Each sensor has its Datapoint setting,which can be accesed by clicking on sesnor in the chart

Datapoint Settings

Label
O SmallFont @ Large Font
O Display point name
Display point units
O Display parameter name

Once the sensors are placed, press Save in the left corner of the top bar.

Home / Graphic Editor

New Open| Save | Import Export  Manage Graphics

A confirmation message will pop up, click Yes.

Confirm action

Project files were saved successfully
To apply graphic changes, your System Manager(s) require(s)

restarting. Click Yes to restart ALL units.

From this moment readings from HRU will be displayed in Graphic View.

TOMORROW

System View Detsil Schedules Info History Configuration

= NaN'C
[]
reNaNBar & &‘ - HRU oMoRROW
- ren 97.0Bar o
L et e ot i et s 1
0.0% =.

1
" @ 192.00°¢ "
oL L

»
»

A\

A

]
o $ n 5 45.23°C/
1)

s
Tour

P T
NaNBar |
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HRU Application A1

Application A1 is indirect heating application with 2 buffer tanks and heat resale
option. Waste heat from CO, can be used internally or sold back to district heating
network.

HRU Application A2
Application A2 is indirect heating application with 2 buffer tanks and without heat
resale option. Waste heat from CO, can be used only internally.

HRU Application A3
Application A3 is direct heating application with 2 buffer tanks and heat resale option.
Waste heat from CO, can be used internally or sold back to district heating network.

HRU Application A4
Application A4 is indirect heating application with 2 buffer tanks and without heat
resale option. Waste heat from CO, can be used only internally.

HRU Application A6
Application A6 is indirect heating application with 1 buffer tank and without heat
resale option. Waste heat from CO, can be used only internally.

HRU Application A7
Application A7 is indirect heating application with 1 buffer tank and without heat
resale option. Waste heat from CO, can be used only internally.

HRU controller - ECL 310

Danfoss electronic controllers (ECL) are intelligent temperature regulators for district
heating and domestic hot water systems. By means of weather compensation and
application keys, they can be adapted to a variety of district heating systems, ensuring
a high level of comfort and optimum energy utilization.

Pack controller - AK-PC 782A/B

Danfoss offers a wide range of market-leading Pack Controllers.

Being the flagship and best-in-class controller for transcritical CO2 pack controls, the
AK-PC 782A/B offers the highest possible efficiency with the Multi Ejector.

Coolselector®2 - Transcritical High-Pressure Application

Helps you optimize energy consumption and increase efficiency in any system. Run
unbiased calculations based on a set of operating conditions — such as cooling
capacity, refrigerant, evaporation, and condensation temperature — and then select
the best components for your design.

Check out the new Transcritical High Pressure Application area.

Get version 4.0.0 for free now!

Danfoss A/S
Climate Solutions « danfoss.com « +45 7488 2222

Any information, including, but not limited to information on selection of product, its application or use, product design, weight, dimensions, capacity or any other technical data in product manuals,
catalogues descriptions, advertisements, etc. and whether made available in writing, orally, electronically, online or via download, shall be considered informative, and is only binding if and to the
extent, explicit reference is made in a quotation or order confirmation. Danfoss cannot accept any responsibility for possible errors in catalogues, brochures, videos and other material.

Danfoss reserves the right to alter its products without notice. This also applies to products ordered but not delivered provided that such alterations can be made without changes to form, fit or
function of the product.
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