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ABOUT RELATED

District heating (DH) systems are one of the most energy efficient heating systems in urban
environments, with proven reliability within many decades already. DHs have traditionally
been designed to be operated in a hierarchized way, with central energy production facilities
delivering heat to a variety of distributed consumption locations.

DHs are identified as key systems to achieve the de-carbonization of heating energy in Eu-
ropean Cities. Renewable and waste heat sources are foreseen at the same time as de-
carbonized heat sources and the way to guarantee competitive energy costs with limited
influence of fossil fuel supply price volatility. To achieve this, conversion of DHs is needed
regarding:

e The reduction of their operation temperature to avoid current technical constraints in
the integration of low-grade industrial heat sources,

e The introduction of larger shares of renewable energy sources (RES) in the DH net-
work.

e The introduction of distributed heat sources (reject heat from cooling equipment...).

e To guarantee economic viability with the trend of DH heat load reduction due to the
evolution of the building stock toward NZEB (Near Zero Energy Buildings).

RELaTED will provide an innovative concept of decentralized Ultra-Low Temperature (ULT)
DH networks, which allow for the incorporation of low-grade heat sources with minimal con-
straints. Also, ULT DH reduce operational costs due to fewer heat losses, better energy per-
formance of heat generation plants and extensive use of de-carbonized energy sources at
low marginal costs.

The RELaTED ULT DH concept will be demonstrated in four complementary operation en-
vironments (new and existing DH, locations, climatic conditions, dimension...) in Denmark,
Estonia, Serbia and Spain.

RELaTED approach will follow the strategy of the electrical smart grids, in which energy
generation is decentralized and consumers evolve to prosumers (they consume and produce

energy).

This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 3
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Executive summary
This deliverable report is the publishable summary of the activities carried out in WP3.

This includes the design of Triple Function Substations (3FS) in combination with different
RELaTED technologies:

e Building Integrated Low-Temperature Solar Thermal system (BILTST)
o District Heating Reversible Heat Pump (DHRHP)
e Microbooster Heat Pump.

Several 3FSs have been evaluated and designed. Those were investigated in different ver-
sions, connection schemes configurations and operating modes depending on the district
heating characteristics, the building types and the heating technologies used.

During the development of the project it was found that there is not such a single 3FS sub-
station design, but that the unit main design characteristics depends not only on the load
levels but also on the type of DH networks and the type of heating system the 3FS is placed
in. The possible concept designs of the 3FS were grouped in the following case scenaSystem
and flow diagrams for each case were proposed. In the case of a 3FS for ULTDH connected
to existing buildings equipped with BILTST, a maximum of eleven possible theoretical com-
bined operational modes were found.

Further, District Heating Reversible Heat Pump (DHRHP) and its’ connection schemes
are described. The DHRHP system consist of one or more reversible heat pump units mod-
ified to allow for operation with heat source/sink at DH temperature. Although its primary use
in RELaTED is designed for ULT DH application, the system has been designed to allow its
operation at higher temperatures during the transitory period prior to ULT conversion of DHs
already in operation. The connection schemes show how the ULT DH, 3FS, BILTST, and
internal HVAC systems of the building are connected. These schemes are flexible to adapt
to transitory periods in the overall configuration of the DH network in its conversion to LT,
possible conversion of distribution systems in the building, and variations in heat loads.

Based on existing heat pumps in its portfolio, NIBE developed customized heat pump units
where key elements such as refrigeration components, electrical wiring, pipe and pump de-
sign etc were modified for operation at higher source temperature.

In RELaTED two solar thermal (ST) collector technologies were adapted for better inte-
gration into ULT DH concepts and for ensuring optimal operation. Advantages of both tech-
nologies (Inaventa Solar and INNOMETAL) are building integration, non-pressurised design
of the solar loop, introduction of water as heat carrier instead of water-glycol mixture and the
drain-back principle as protection against freezing and boiling of the heat carrier.

These two BILTST collector technologies are differenced by their aesthetics and their geo-
graphic suitability. One favourable solution is that first priority should be given to (pre-)heat
cold DHW with solar energy. All other energy sources should be used to reach the final DHW
temperature and excess heat should be injected in the DH network -dependant on tempera-
ture level-into the forward or return side.

This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 8
gramme under grant agreement No 768567. This material reflects only the author’s views and neither Agency
nor the Commission are responsible for any use that may be made of the information contained therein.
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1. Design of 3FS

1.1. Introduction

Ultra-Low temperature district heating introduces multiple benefits at network level, as the
reduction of heat losses and the improvement of heat generation efficiency. ULTDH also
facilitates the integration of low temperatures renewable energy sources and waste heat into
the district heating network. Renewable heat sources as solar thermal and heat pumps can
be coupled to the district heating network and the buildings through specially designed district
heating substations. During the RELaTED project, several district heating substations with
multiple functionalities have been designed and demonstrated.

1.2. Summary

This report includes the activities carried out in D3.3 which regards the design of Triple Func-
tion Substations (3FS) in combination with different RELaTED technologies:

¢ Building Integrated Low-Temperature Solar Thermal system (BILTST)
e District Heating Reversible Heat Pump (DHRHP)
e Microbooster Heat Pump.

Several 3FSs have been evaluated and designed. Those were investigated in different ver-
sions, connection schemes configurations and operating modes depending on the district
heating characteristics, the building types and the heating technologies used.

During the development of the project it was found that there is not such a single 3FS sub-
station design, but that the unit main design characteristics depends not only on the load
levels but also on the type of DH networks and the type of heating system the 3FS is placed
in. The possible concept designs of the 3FS were grouped in the following case scenario:

ULTDH connected to:
e Existing buildings with:
o DHRHP and BILTST (Demo in Taastrup (DK)
o DHRHP (Demonstration in Taastrup (DK)
e nZEB buildings with:
o DHW Microboosters and BILTST (Demonstration in Taastrup (DK)
o DHW Microboosters alone (Demonstration in Taastrup (DK)
LTDH connected to:
e Existing buildings:
o With BILTST (Demonstration in Belgrade)
o Without BILTST (Standard case)

This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 9
gramme under grant agreement No 768567. This material reflects only the author’s views and neither Agency
nor the Commission are responsible for any use that may be made of the information contained therein.
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System and flow diagrams for each case were proposed. In the case of a 3FS for ULTDH
connected to existing buildings equipped with BILTST, a maximum of eleven possible theo-
retical combined operational modes were found. In this specific case a more detailed Process
and Instrumentation Diagram (P&ID) was initially proposed.

Demo sites

Belgrade (Serbia). The demand specification of a Two-Function Substation (2FS) specifi-
cally adapted for the Belgrade primary school demonstration site was prepared. Control strat-
egy and process diagrams were developed and a mechanical design was proposed. The
unit is being currently built and it is expected to enter in operation before the end of Q3 2021.

Taastrup (Denmark). The demand specification for three different district heating substa-
tions was prepared. This includes process and instrumentation diagrams, flow chart, control
specifications, bill of materials and mechanical design. All units were installed in Taastrup,
and they are operating on the same heating grid but on alternative applications.

1.3. Triple function substation.

Several 3FS design concepts were proposed. The units have been thought for the operation
with ULTDH at typical supply temperatures of 40 °C and LTDH at supply temperatures of
60°C. The 3FSs allow for an easier integration of solar thermal and heat pumps in district
heating introducing the following functionalities:

1) Extraction of heat from the district heating network (conventional). ULTDH can be
used to supply space heating to the buildings and it can be utilized by the DHW Mi-
crobooster unit to produce domestic hot water. Additional heating capacity can be
supplied by the BILTST or by a HP, if the demand is higher than the available solar
heat production.

2) Injection of heat at high temperature to the supply line of the DH grid. When solar heat
production increases above the space heating and DHW demand, heat can be sup-
plied back to the district heating flow line, if the supply line temperature is reached.

3) Injection of heat at low temperature to the DH return line. This allows for an increase
of the heat generation efficiency of the solar heating panels and heat pumps and
increased exploitation of renewable energy sources, also in the case that the supply
line temperature is not reached.

This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 10
gramme under grant agreement No 768567. This material reflects only the author’s views and neither Agency
nor the Commission are responsible for any use that may be made of the information contained therein.
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1.3.1. 3FS is ULTDH in existing buildings with DHRHP and BILTST

In the initial phase of the project, several unit configurations and operating functionalities
were investigated. In Table 1 a summary of the conceptual proposal of a 3FS used for ULTDH
in existing buildings with a DHRHP and BILTST is presented. Many more examples have
been prepared and examined and compared along the project.

System and unit flow diagrams with main required components, dimensioning parameters
and operating modes are introduced.

Table 1. Conceptual proposal of a 3FS used for ULTDH in existing buildings with a DHRHP

and BILTST
DH NETWORK BUILDING TYPE SPACE HEATING DHW BILTST
ULTDH (45/30C) ’ Existing and/or cooling DHRHP (Heat Pump) DHRHP — (Recirc)  Yes
SYSTEM FLOW DIAGRAM 3FS flow diagram
umm’ BILTST . —
BILTST
HZ:’TN'G DHRHP
=1 "
=
I s s 1
IEI: ] HI I oot GP1 GP2 ) :
] I
> > 1
o 1 I 1
1 1 - | I
.: LT DHRHP —| < = |
oo N L v I— —————————————————————— -
" 3FS
OPERATING MODES | HP BILTST Dimensioning parameters Components
EXTRACTION Heating OFF Location T max T nom QN1 Bi-flow valve
Heating High T DH primary 90 45 GP1 Variable speed pump
EXTRACTION BILTST | Heating Low T BILTST primary 90 45 GP2 Variable speed pump
INJECTION SUPPLY OFF High T BILTST secondary 120 50 QN2 Three way valve
Cooling High T HP hex primary 90 45 QN3 Three way valve
Cooling OFF HP hex secondary 90 40 QN4 Flow control valve
Cooling LT High T - Flow meter
INJECTION RETURN | OFF Low T
Cooling LT Low T
Cooling HT Low T
Cooling OFF
This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 11
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1.3.2. 3FS in ULTDH and nZEB with BILTST and Microbooster.

When the 3FS is placed in locations with nZEB buildings supplied by ULTDH the following
layout and operating functionality was initially proposed. In the following Figures, some func-
tioning modes included in the design of the 3FS are shown.

ULTDH

BILTST

LOWT
HEATING

=, |

BOOSTER

LOW T
HEATING

=1, ]

v

Figure 1. System flow diagram 3FS in ULTDH and nZEB with BILTST and HP Booster

* No or low BILTST capacity
* DHW demand
+ Space heating demand

BILTST

* High BILTST capacity
* No DHW demand
* No space heating demand

Space hasting

L

DHW
Microboosters

+ Low BILTST capacity
*  DHW demand
* No space heating demand

*  High BILTST capacity
* DHW demand
* Space heating demand

BILTST

| ettt 1
1 1 >
: X B : Space hesting
| 1 “
1 N 1
R 1—% e 1 ——
[ =g 1
1 1
1 1
N i
L) QN4
1 1 «
< 4 | —
HES H (-

Figure 2. Operational mode 3FS in ULTDH and nZEB with boosters.

1)
2)
3)
4)

satisfying DHW & DH demand

Mode 1: Heat from DH is used for DHW (Microbooster) and SH.
Mode 2: Heat from DH, in combination with BILTST is used for DHW load (and/or SH).
Mode 3: Heat from BILTST is injected in the supply line. No demand for SH or DHW
Mode 4: The two heat sources (BILTST and ULT DH supply line) are combined for

This project has received funding from the European Union’s Horizon 2020 research and innovation pro-
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1.4. Microbooster heat pump

A Microbosoter heat pump is a unit that extracts heat from a liquid heat source through a
vapour compression cycle in order to produce hot domestic tap water at higher temperature
than the heat source. The technology was introduced to allow the utilization of ultra-low tem-
peratures heating networks and to reach the needed domestic hot water temperatures while
minimizing energy consumption. The unit is composed of a built-in hot water storage tank, a
heat source circuit, a heat pump circuit and a controller. The Microbooster can operate in
different operating modes according to the heat source, DHW conditions and type of instal-
lations.

The booster heat pump can be connected in parallel or in serial connection to a heating
system as shown in the Figure below.

@& @@@@

40 °C 40°C :
25°C

25°C

Figure 3. Installation schemes of the MBHP

When connected in serial connection to the heating system, the Microbooster allow for min-
imal return heat source water temperature. On the other hand, when the unit is connected in
parallel connection the booster unit allow for minimum electricity consumption. In this case,
the Microbooster can be equipped with a coil which allows for pre-heating of domestic hot
water inside the tank, by directly using DH and without the use of the heat pump cycle. When
no more heat can be extracted from the heat source, the heat pump is activated to further
increase the domestic hot water temperature, up to 65 °C.

The Energy performance of the booster heat pump was measured on a working prototype
and on field test units according to tapping profiles and methodologies of standard EN16147.
Domestic hot water coefficients of performance of 5.2 and 8.5 were measured for heat
sources of 25 °C and 40 °C respectively. The unit has been tested at a recognized third-party
test institute for its performance assessment.
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1.5. Demonstration sites

1.5.1. Belgrade

A district heating substation for the demonstration site of Belgrade was developed. The unit
was designed to allow the operation with LTDH and a BILTST and in the specific:

1. The extraction of heat from the DH grid to supply DHW, Radiator heating and air heating.
2. DHW preheating from the BILTST system.
3. The injection of excess heat from the BILTST system to the return line.
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Figure 4. 2FS P&ID.
The unit will be installed in Q3 2020 at the International Primary School of Belgrade. A 3D

model of the substation is presented in Figure 5.

Figure 5. 2FS 3D model
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1.5.2. Denmark demo site

The overall Energy Flex house demonstration site in Denmark is presented in Figure 6. In the
demonstration site three 3FSs are proposed:

(1) Substation used in combination with the Microbooster (1a - 1b)
(2) Substation with the BILTST and Microbooster
(3) Substation with the DHWRHP
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Figure 6. DTI Energy Flex House — Denmark demonstration site — Overall system layout.

The Danmark demonstration site, located in Taastrup, is composed of a ULTDH network with
supply temperature of 35-45 °C at standard conditions. When heat is injected back to the
ULTDH network from the BILTST or DHRHP, the DH temperature may increase.

The higher temperature, which may occur for instance in summer periods, can be exploited
for the production of the DHW via the Microboosters.
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1.5.3. Substation with BILTS and Microbooster

A district substation was specifically designed and demonstrated to couple a BILTST system
and a Microbooster heat pump to the ULTDH grid. Space heating is directly supplied from
the ULTDH grid to a low temperature heating system and DHW is prepared by a Microbooster
Heat Pump. A control strategy which assures solar heat injection to the DH flow line at has
been implemented into the unit. Here below a flow diagram of the considered unit and few
images from the demo installation in Taastrup.

BILTST

Heat exchanger/ Solar control
buffer tank

@~
®

Drainback tank

BILTST
y BT,

Figure 8. Some images of the Microbooster and BILTST demonstration in Taastrup,
Denmark.
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1.5.4. Substation for the integration of a DHWRHP

A district heating substation has been designed to couple a District Heating Reversible Heat
Pump to the ULTDH. The unit allows the 3FS to extract heat from the DH grid as a heat
source for passive space heating and as a heat source for the heat pump, which assures
DHW preparation and supply of space heating.

A process and instrumentation diagram of the 3FS in combination with the DHRHP is pre-
sented in Figure 9.

Function 230V / potential free Signal from DHRHP (injection mode)

controller

P2

Heat
extraction
controller

Heat
injection
controller

Figure 9. P&ID of the 3FS used in combination with the DHRHP.

A custom-made controller and software is being developed in order to assure a robust oper-
ation of the unit in different operational modes, both heat extraction and heat injection.
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2. Design of DHRHP

2.1. Introduction

With the introduction of ULT (~45°C) DHs, critical issues such as treatment against legionella,
adequacy of heat delivery systems, methods to directly inject RES into the district energy
network, etc. need to be solved.

Here, the DHRHP is a crucial component in achieving these critical issues. A common de-
nominator as a solution for all of these problems is the ability to raise the temperature level
to a sufficient one, likely around 60 °C, for achieving at least 50 °C tap water temperature as
well as injecting heat to the LT or ULT district heating grid. This is why the DHRHP is a key
component in a ULTDH system that needs to be developed. The reason to the neccessity of
a development for such a heat pump, is due to the fact that heat pumps harvesting energy
at these temperature levels, are not commercially available at present date. Those heat
pumps that exists today are normally custom built for some sort of energy recovery for in-
dustrial application. So, in order to make a ULTDH system more viable from both economical
as well as energy efficiency point of view, a mass produced heat pump for this application
need to be elaborated.

2.2. Adaption of NIBE ground source heat pump

2.2.1. Higher source temperatures

The temperature range of the heat source for a ground source heat pumps are typically 0 —
10 °C over the season and most ground source heat pumps on the market are designed for
an incoming source temperature between -5 °C to + 20 °C.

In this section, it is discussed how a heat pump should be designed to work in an ultra low
temperature district heating network (via the 3FS), where ultra low temperature corresponds
to 35 — 45 °C in the network. By having this low temperature in the DH network, the heat
losses from the distribution can be decreased compared to traditional district heating systems
and the possibility to inject heat to the network from renewables and process heat from in-
dustries can be utilized to a higher extent.

This lower temperature level from the DH will still be enough for providing space heating
(passive), at least for new building areas, but not enough for producing domestic hot water.
For domestic hot water production, a district heating reversible heat pump (DHRHP) will use
the DH as heat source and produce domestic hot water to a usable temperature. The DHRHP
can also provide space cooling for customers with cooling demands. When the heat pump is
producing space cooling, the heat generated in the condenser will be injected into the DH
network or, if there is a simultaneous need, into the domestic hot water tank if the hydraulic
installation allows this.

In this type of application, the temperature levels on the source side will be much higher than
what conventional ground source heat pumps are designed for, meaning the heat pump must
be redesigned and optimized for this kind of installations. To make a completely new design

This project has received funding from the European Union’s Horizon 2020 research and innovation pro- 18
gramme under grant agreement No 768567. This material reflects only the author’s views and neither Agency
nor the Commission are responsible for any use that may be made of the information contained therein.




e e B

of a liquid-to-liquid heat pump requires a lot of resources. Thus, to be able to deliver proto-
types with high quality and robust function to the demonstration sites, within the time frame,
NIBE will base the DHRHP on some of the ground source heat pump models available on
the market today.

To be able to extend the compressor envelope to handle source temperatures up to 45 °C
and to optimize the performance at higher temperature, there is a need of evaluating or re-
designing some of the components like:

e The expansion valve due to higher mass flow rates of the refrigerant (higher capac-
ities).

e The electronics and wiring, due to higher capacities and currents.

e The heat exchangers (evaporator and condenser) due to higher capacities for keep-
ing low temperature loss.

e Pressure drop in pipes and components needs to be verified due to a higher mass
flow.

2.2.2. Safety devices

Beside the evaluation of the main components in the refrigerant cycle, also the safety devices
must be considered. Normally there is a low pressure switch that detects if the flow rate is
stopped on the evaporator side and a high pressure switch for the condenser side. In the
district heating application when using water as heat transfer medium it is necessary to detect
low or no flow rate to avoid freezing and breaking the evaporator. This could be done with a
new low pressure switch with higher cut-out pressure or implementation of a flow switch
which stops the heat pump if the flow rate becomes too low.

District heating systems requires normally higher pressures in the primary water side than
what heat pumps are designed for at the source side. By adding a plate heat exchanger in
the 3FS, where heat is supplied or extracted to the heat pump system, a lower system pres-
sure (3 — 4,5 bar) can be used in the loop between the 3FS and the heat pump.

2.2.3. Cooling

In the scope of the project, the district heating reversible heat pump (DHRHP) shall be able
to provide space cooling. Two concepts can be used for achieving cooling functionality:

o Reverse the flow of the refrigerant in the refrigerant circuit
e Switch the flows of the heat transfer medias outside the refrigerant circuit

For the demonstration sites in this project, NIBE will apply both concepts, one of each type
for the different demonstration sites. NIBE has already experience from both concepts. The
two concepts, both have advantages and disadvantages. The main advantage of solving the
reversibility within the refrigeration circuit is a more compact installation.
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The positive aspects of reversing the operation with an external hydraulic module are more
in numbers. Since the heat pump will control also the passive space heating from the DH to
the building, there will already be a hydraulic link between the DH and the heating distribution
system in the building.

Also, by switching the flows outside the refrigerant circuit, the heat exchangers will have a
good thermal performance (counter current flow direction) in both heating and cooling mode.
Reversing the refrigerant circuit means co-current heat transfer during cooling mode (or heat-
ing mode depending on the design) with lower thermal efficiency since the flow direction of
the circulation pumps are fixed.

Another side effect of reversing the warm and cold side outside the heat pump, is that it
usually leads to a more optimal refrigerant charge for the heat pump. As long the evaporator
and condenser do not have the same internal volumes and efficiencies, which they rarely
have, the optimum charge will vary depending on which operation the heat exchanger is
performing. This leads to fewer compromises when the flow direction inside the refrigeration
circuit is constant. This improves the performance of the heat pump.

2.2.4. Controller

The controller of the heat pump will be developed for controlling the comfort of the space
heating, space cooling and domestic hot water in the buildings. This requires further devel-
opment of the existing built in heat pump controller for also handle the new arrangement of
valves and the new operation modes etc.

2.3. Specific development of DHRHP for the demonstra-
tion sites

2.3.1. lurreta demonstration site

The district heating reversible heat pump, DHRHP, will be developed for solving higher
source temperatures, the use of water as heat source medium and controlling new subcom-
ponents and functionalities. Together with a hydraulic module, containing a setup of valves,
the heat pump, will control the different operation modes; passive space heating, space cool-
ing, and active space heating (if the temperature of the DH is not high enough for some
buildings).

The lurreta demonstration site, is a facility for the Basque regional police force, located out-
side Bilbao in Spain. The facility consists of a large number of buildings where this concept
with the DHRHP will be used in two of the buildings, house D and house H (See D5.1 for
further details).
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The simulated design loads for these buildings are:

Design (kW)
Cooling Heating
D building |90 135
H building |40 55

The heating and cooling distribution system (which are the same) consists of newly installed
fan coils. Their required temperatures at design load in heating mode, are 45°C in return
temperature and 50°C in supply temperature at a room temperature of 20°C. The corre-
sponding temperatures at peak load in cooling mode, are 12°C in return temperature and
7°C in supply temperature at a room temperature of 25°C.

The lurreta test installation is planned to be commissioned before the winter 2020/2021. Up
until now the development work for this installation has been on a conceptual stage. The
heat pumps we will originate our development work from is the NIBE F1345-40 (two for build-
ing D and one for building H), see figure 10. The NIBE F1345-40 is a liquid to liquid heat
pump that is built up from two separate refrigerant modules that is connected in parallel. The
two identical refrigeration modules each has a nominal heating capacity of approximately 20
kW at an incoming source temperature of 0°C. The heat pump thereby has two capacity
steps depending on the power demand.

EP15
Lof—L}-
GP1
|5 e
EF14
{—{=1-
GP1
EIR -

Figure 10. Appearance and hydraulic diagram of the NIBE F1345-40 which will be used for
the demonstration sites in lurreta. GP16 is the denotation of the pump connected to the cold
side of the heat pump. GP1 is the designation of the pumps (one for each refrigeration
module, EP14 and EP15) connected to the warm side.
In the lurreta installation, the plan is to have a district heating supply temperature of 35°C
and approximately 30 °C return temperature. At this temperature level, the heating capacity
of these modules are estimated to 40 kW, meaning each heat pump can produce 0, 40 or 80
kW heating power. In cooling mode, with a 7 °C cold supply temperature, and where the heat

pump will raise the district heating supply temperature from 35 °C to 40 °C, a cooling capacity
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of 22 kW per module are foreseen. This mean for instance in building D the cooling capacity
can be modulated with either 0, 22, 44, 66 or maximum 88 kW. This is considered close
enough to the estimated peak power cooling demand of 90 kW.

The NIBE F1345-40 heat pump uses R407c as refrigerant with a charge of 1.7 kg per module.
The planned modifications to the existing heat pump we are going to perform are: a new
software to be able to control the heat pump operation and the hydraulic modules, an up-
dated expansion valve in order to utilize a higher evaporation temperature within the refrig-
eration circuit (leading to a higher COP of the heat pump), new low pressure switch so freez-
ing will be prevented (on the evaporator side of the heat pump) in case the water flow dimin-
ishes. A hydraulic connection scheme of the system is shown in Figure 11.
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Figure 11. Hydraulic connection scheme for lurreta building H, where the DHRHP and the
hydraulic module is connected to the district heating net and the heating and cooling
distribution system.

2.3.2. DTl Energy Flex house demonstration site

The district heating reversible heat pump, DHRHP, will be developed for solving higher
source temperatures, the use of water as heat source medium and controlling a new internal
4-way valve in the refrigeration circuit. The heat pump, will control the different operation
modes: passive space heating (with the aid of a new plate heat exchanger), space cooling,
and active space heating (if the temperature of the DH is not high enough for the building)
and domestic hot water production.

The DTI Energy Flex houses, is two villas belonging to the Danish Technology Institute, lo-
cated at their area outside Copenhagen in Denmark. The two, two storey houses are roughly
200 m? each and are up for loans for visitors and staff at DTI.
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The estimated desig