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Executive Summary 
 
The aim of the deliverable is to define conceptual solutions and prototypes of 
refrigeration system, that are able to exchange data, and energy within the 
shopping mall to improve peak load handling and to reduce energy consumption. 
 
As declared in the DoW, the final goal is to fully exploit the capabilities of shopping 
mall overall systems layout and iBEMS to interact with refrigeration plant; 
 
This paper presents the state of art of the refrigeration system, focusing on actual 
technologies with pro and cons of each solution. 
 
State of the art: 

- Today the trend of the building in the EU is getting closer to the n-ZEB (nearly - 
Zero Energy Building). This means that refrigeration is becoming, year after year, 
one of the most important, and one of the few loads in shopping mall buildings, 
characterized by the presence of a big food retail shop. 

- Refrigeration systems are usually a standalone system with rough connections 
to other systems. The connections consist in most of the cases, in passive heat 
recovery based on heat exchangers. Only in a few cases, connections allow 
active heat production on demand. 

- In southern European countries synthetic refrigerant with high GWP value are 
widely in use;  

- In northern European countries natural, efficient and economically affordable 
solutions based on R744 trans-critical systems have been widely used for some 
years.  

 
As a consequence: 

- In southern European countries, several efforts are on-going to develop solutions 
to allow the use of systems based on natural refrigerant or ultralow GWP 
synthetic refrigerant; 

- Standardization of the coupling between mechanical systems to enhance thermal 
exchange. Optimization of thermal cascades through easy coupling of the 
refrigeration and HVAC equipment to define an HVAC+L+R synergy system.  
 
Proposed concepts focus on: 

- Long term solutions for environmentally friendly refrigeration as a standalone 
system also in a warm and hot climate; 

- Integration of refrigeration with the most common HVAC system of a shopping 
mall. 

Taking into account these premises, a list of concepts is investigated. Field tests 
and prototyping activity results are reported. 
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Main results 

Several concepts have been investigated, the most promising have been 
prototyped or installed in field tests for further analysis. 

The following prototype has been assembled: 

- R744 trans-critical system for a small store, consisting of an all-in-one solution 
able to actively provide three temperature stage heat recovery plus A/C thermal 
power;  

- R744 trans-critical heat pump for domestic hot water production on demand. The 
unit has been investigated as standalone unit and as coupled with refrigeration 
system; 

- R744 trans-critical heat pump for a heating system. The unit has been 
investigated as a standalone unit and is coupled with a refrigeration system; 

- Prototyping of an R744 trans-critical, as well as R410A variable speed water loop 
technology. The unit has been investigated both for low temperature, and medium 
temperature application. 

The following field test has been done: 

- R744 trans-critical system with LPT technology has been tested directly in a real 
store in Northern Italy; 

- Distributed refrigeration through water loop variable speed technologies has been 
tested directly in a real store in Central Italy; 

In the deliverable the outcomes of the R&D activity is a guideline to select the 
correct solution based on the main boundary conditions: 

- Climate conditions of the site; 
- Ratio between refrigeration load and heating load; 
- Ratio between refrigeration load and cooling load; 
- System size based on capacity installed for heating, cooling, refrigeration and 

DHW. 
 
Conclusion 
In southern countries, environmentally friendly refrigeration system has been 
shown to be technically achievable with the actual technology. 
 
The improvement required to compensate the low efficiency of the 
environmentally friendly system in warm climates are not far away from a 
reasonable pay back. Further R&D and industrialization activities are required to 
simplify the components, reduce capital cost and payback time. Complexity of the 
system still remains an issue. Well engineered units shall reduce the effort during 
the maintenance but a training programme to prepare qualified technicians is 
mandatory. 
 
For the integration of refrigeration with the most common HVAC system, two 
alternatives have been shown as promising. In stores where there is a balance 
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between cooling/heating and refrigeration power, it is possible to have an all in 
one solution able to supply all the thermal power required by the system with just 
one device (see prototype 1). Such a balance between thermal loads is 
achievable with n-ZEB buildings and shall become the common scenario in the 
near future. 
 
In stores where cooling/heating power is higher than the refrigeration load, a heat 
recovery solution based on a natural heat pump shall be used (see prototype 
2,3,5,8). 
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Introduction 
Today, the trend of the building in the EU is getting closer to n-ZEB (nearly - Zero 
Energy Building). This means that refrigeration is becoming, year after year, one 
of the most important, and one of the few, thermal loads of the shopping mall 
buildings characterized by the presence of a big food retail shop. A deeper 
connection between refrigeration, HVAC system and the buildings is foreseeable, 
together with environmentally friendly refrigeration technology. 

Such technology has to take into consideration some specific aspects of a 
refrigeration system, such as: 

- Typical reliability and redundancy of a refrigeration system; 

- Avoidance of the single point of failure; 

- Ability to work efficiently in design conditions. 

Another driver is the F-gas regulation which came into effect on 1st January 2015. 
The European Commission has reviewed the European Union’s (EU) Regulation 
on the Use of Certain Fluorinated Greenhouse Gases (“F-gas Regulation”) and 
published its “Regulation (EU) N° 517/2014 of the European Parliament and of 
the Council of 16 April 2014” on fluorinated greenhouse gases and repealing 
Regulation (EC) N° 842/2006. This new Regulation calls for a phase down of 
HFC consumption. Three mechanisms are foreseen: 

- Ban mechanism in 2020 and 2022; 

- Quota mechanism starting from 2016; 

- Increased leakage control for systems containing high-GWP refrigerants. 

For that reason, the present work paper has been focused on two main fields: 

- Long term solution for refrigeration as a standalone system compliant with F-gas 
after 2022, with a focus on R744 system in warm and hot climates; 

- Integration of refrigeration with the most common HVAC system of a shopping 
mall foreseeing the n-ZEB scenario. 

In the present paper: 

- The state of art of the refrigeration system is presented; 

- The concept proposals are listed and described; 

- Prototyping and filed test results are shown; 

- General guidelines for the retrofit solution are reported.  
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1. Refrigeration system: state of art 

1.1. Traditional DX direct expansion system 

Description: a direct expansion (DX) system is the simplest refrigeration system. 
Up to now, it can be considered as the wider diffused solution for refrigeration 
systems in a commercial application. It consists of a dedicated copper circuit with 
synthetic refrigerant inside, moved by a compression system operating in an 
inverted Carnot cycle. 

 
Figure 1 - Concept layout of a DX traditional system 

 

Application: widely used due to the simplicity, especially in a small application 
where it results in general one of the cheapest solutions. In this application, 
medium (MT) and low (LT) temperature loads are completely independent with 
no shared components between systems.  

1.2. Cascade system 

Description: a cascade system is a system in which the MT loads run with the DX 
of a synthetic refrigerant. LT loads run with DX of natural CO2 refrigerant. The 
CO2 refrigeration system is condensed using heat exchangers cooled by the MT 
system.  
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Figure 2- Concept layout of a cascade system 

Application: cascade systems usually have higher efficiency compared to 
traditional DX system and are considered as state of the art in the warm climate 
conditions, where other solutions cannot yet be widely used. 

1.3. Trans-critical system 

Description: is a system in which both MT and LT loads run with DX of natural 
CO2 refrigerant. Configuration is booster, meaning the LT loads discharge 
directly into the suction of the MT loads. 

 
Figure 3 - Concept layout of a transcritical system 

 
Application: in cold or mild climates, trans-critical systems are considered the best 
available technology. The solution uses a completely natural refrigerant limiting 
the direct emissions. The good efficiency in cold and mild climate does not 
increase the indirect emissions. The common effort, also in A/C systems, is to 
move south the “CO2” equator that represents the limit in which CO2 becomes 
less efficient than a synthetic refrigerant based system.  
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1.4. Pumped system 

Description: a pumped system is a system where CO2 is maintained at a constant 
temperature. The liquid CO2 is pumped through the MT loads where CO2 
partially evaporates and returns to the tank where it is again condensed. The 
cooling function is usually done by a standard DX pack that also condenses the 
LT refrigeration pack. In this type of system the LT system is also CO2 based.  

 

Figure 4 - Concept layout of a pumped system 

 

Application: used in very large plant and/or in warm climates where the maximum 
efficiency is pursued, together with an environmentally friendly solution (synthetic 
gas is limited to primary side). High capital cost, especially for medium and small 
sized stores, limits the wide use of this technology.  

1.5. Refrigeration control system 

In a shopping mall, the refrigeration control system is usually composed of 
different local controllers connected together and to a supervisor system. The 
refrigeration control system is rarely connected to a higher level supervisor and 
usually, no action from an iBEMS system is taken on the refrigeration system 
itself. 

The control system is composed of: 

 A controller for each pack; 

 A controller for each load (cabinet, cold rooms, etc...); 

 A supervisor that collects the information from the local controllers.  

 Load controls are installed on board. They manage: 

o Cooling requests: controlling the internal cabinet temperature; 

o Evaporator: managing opening degrees of the expansion device to properly 
control the refrigerant flow and the evaporator thermodynamics; 

o Light: status of the light usually with on/off action according to schedule; 
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o Defrost: managing the defrost of the evaporator which could be electrical or 
natural, scheduled or on-demand. 

o Fans: managing the status of the fans usually with on/off action according to logic 
instruction, coordinated with other cabinet features (usually defrost action); 

o Anti-mist: controlling temperature of the external cabinet surface to avoid mist 
formation. Usually based on a signal coming from supervisor or from local 
temperature/humidity sensors; 

o Alarms: communicating system status to local display or to supervisor system, 
taking counter actions to avoid other system failures (ie. Closing the valve to 
prevent liquid return to the pack). 

Pack control: 

 Compressor management: inverter driven compressors and on/off compressor 
according to pressure level or units cooling request; 

 Condenser Fan management: on/off or inverter driven fans to manage 
condensing level and heat recovery level; 

 Oil management: to reclaim and supply oil to the compressors. 

Pack and load control usually report to a local supervisor system through 
dedicated cable or wireless system. Supervisors then transmit the information to 
a remote monitoring system via the WEB. 

 

 

The local supervisor system is able to read and write to the local controllers and 
perform some regulation and optimization. The main and common features are: 

Supervisor 

Cabinet 
control 

Pack control 

Internal air 
sensors 

Cold room 
control 

Energy meter 

WEB 

Figura 5 - Concept of a refrigeration control system 
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 Floating evaporating pressure: able to adjust the evaporating set-point to the 
maximum level allowed to satisfy the worst load device; 

 Defrost scheduling: scheduling defrost starting time to smooth electric peak load 
(both due to electrical defrost heater and electrical compressor power required to 
recover the load temperature after defrost);  

 Propagation of store temperature and humidity: to supply required information to 
local trimmer electric heater controller to manage device temperature to avoid 
mist formation; 

 Lighting control: coordinate the status of the light. Usually just on/off signal 
according to opening/closing store schedule; 

 Alarm and reporting activity; 

 HACCP reporting activities; 

 KPI analysis; 

 Energy monitoring report: electric energy consumption is collected to building 
supervisor system with independent energy measurement. 

The hindrance to the integrations process with an iBEMS are: 

 The perceived lack of added value integrating the refrigeration control supervisor 
to an higher supervisor level; 

 The additional effort in the integration between iBEMS and local refrigeration 
supervisor system. 

Both these constrains have been investigated in the deliverable. Additional 
features for the refrigeration system are proposed. 

1.6. Resume of the state of art 

Table 1 - State of the art refrigeration table 

Parameter  DX 

system 

Cascade 

system 

R744 

Trans-

critical 

System 

Pumped 

system 

Climate  All All Mild, Cold All 

Refrigerant 

- Type  

MT: 

synthetic 

(HFC) 

LT: 

synthetic 

(HFC) 

MT: 

synthetic 

(HFC) 

LT: 

natural 

(CO2) 

MT: 

natural 

(CO2) 

LT: 

natural 

(CO2) 

MT: 

natural 

(CO2) 

LT: 

natural 

(CO2) 
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 Primary: 

synthetic 

(HFC) 

Refrigerant 

- GWP  

MT: High 

LT: High 

MT: High 

LT: Low 

MT: Very 

low 

LT: Very 

low 

Primary: 

High 

MT and 

LT: Very 

Low 

System - 

Complexity  

Low Medium High High 

Vending 

area  

All size All size All size Very 

large 

Technician 

with 

specific 

skill 

No No Yes Yes 

 

State of the art driver for refrigeration system selection are: 

 Energy efficiency in accordance with the site climate; 

 Low GWP refrigerant (natural if possible) and in any case compliment with the F-
gas restrains in the next years; 

 Possibility of an easy integration with HVAC system to increase energy efficiency 
or reduce the hardware installed; 

 Capital/Running cost balance with pay-back time of 2-3 years max.  

There is no unique solution for all Europe. Different kinds of systems with different 
levels of integration would be selected according to the criteria described above. 
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2. Refrigeration system: proposed concepts 

For each concept different steps have been evaluated: 
- Concept: the description of a solution proposed without further investigation. The 

concept is described to show different proposals that are under investigation in 
commercial refrigeration and/or that has been already been presented in paper 
or prototype outside CommONEnergy; 

- Feasibility: the feasibility study is done to determine the viability of the solution 
before proceeding with the development of the prototype. Feasibility study are 
supported with performance data, BOM, preliminary cost and time effort to assure 
the prototyping; 

- Simulation: simulations are carried out when there is no possibility to build any 
prototype before a field test or when the field test effort is too onerous; 

- Prototyping: prototyping a solution consists of the realization, and in scale, of the 
concept proposed; 

- Test in field: solutions that are tested in the field, outside the CommONEnergy 
demo building; 

- Test in demo-building: solutions that are going to be implemented in demo-
building. 
 
Table 2 - Concept implementation step 

Solution Concept Feasibility Simulation Prototyping Test in field 
Test in 

demo case 

2.1.1 - PARALLEL 

COMPRESSOR SYSTEM 

  

 

  

 

2.1.2 - EJECTOR 

TECHNOLOGY SYSTEM 

  
 

Under inv.  

 

 

2.1.3 - LOW PRESSURE 

TANK SYSTEM 

  

 

 

Feltre  

2.1.4 - SUB COOLING 

SYSTEM 

  

 

  

Modena 

2.2.1 - THREE STAGES 

READY TO USE HEAT 

RECOVERY 

  

 

  

 

2.2.2 - LOW TEMP. HEAT 

RECOVERY FOR HEAT 

PUMP 

  

 

  

 

2.3.1 – REFRIG./SOLAR 

HYBRID ADSORPTION 

SYSTEM FOR SUB 

COOLING 

  

 

  

 

2.3.2 - 
REFRIGERATION/SOLAR 

HYBRID ADSORPTION 

SYSTEM FOR A/C 
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2.4.1 – TRANS-CRITICAL 

DHW HEAT PUMP  

  

 

  

 

2.4.2 – TRANS-CRITICAL 

HVAC HEAT PUMP  

  

 

  

Modena 

2.6.1 - COUPLING 

REFRIGERATION SYSTEM 

TO EXISTING FIRE WATER 

TANK 

  

 

  

 

2.7.1 - INVERTER DRIVEN 

BLDC COMPRESSOR 

UNIT FOR WATER LOOP 

  

 

 

Milano 

Siena 

 

2.7.2 - OPTIONAL 

ADDITIONAL ANCILLARY 

SYSTEMS FOR 

DISCHARGING WARM AIR 

DIRECTLY TO SPACE 

HEATING 

  

 

  

 

2.7.3 - INVERTER DRIVEN 

BLDC COMPRESSOR 

UNIT FOR WATER LOOP 

WITH NATURAL 

REFRIGERANT 

      

2.7.4 - WATER LOOP 

DISTRIBUTION INSIDE 

BUILDING 

      

 

Each solution investigates different kinds of thermal power production, recovery 
and energy distribution: 

 Refrigeration: the system is able to satisfy refrigeration demand for devices in the 
MT and LT sections; 

 DHW recovery: the system is able to satisfy domestic hot water demand 
recovering wasted discharge energy at a ready to use level of temperature; 

 DHW production: the system is able to satisfy domestic hot water demand 
actively reacting to a specific request; 

 Heating recovery: the system is able to recover wasted thermal power to be used 
as a sink from other devices able to produce the final heating power; 

 Heating production: the system is able to satisfy heating demand actively reacting 
to a specific request; 

 Cooling production: the system is able to satisfy cooling demand for A/C system 
actively reacting to a specific request. 
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Hereafter a brief presentation of the solution proposed: 

Table 3 - Concept features 

Solution  Refrige
ration 

DH
W 

reco
very 

DHW 
produ
ction 

Heat
ing  

reco
very 

Heati
ng 

produ
ction 

Cooli
ng 

produ
ction 

2.1.1 - 
PARALLEL 

COMPRESSOR 

SYSTEM 

     

 

2.1.2 - 
EJECTOR 

TECHNOLOGY 

SYSTEM 

     

 

2.1.3 - LOW 

PRESSURE 

TANK SYSTEM 

     

 

2.1.4 - SUB 

COOLING 

SYSTEM 

     

 

2.2.1 - THREE 

STAGES READY 

TO USE HEAT 

RECOVERY 

     

 

2.2.2 - LOW 

TEMP. HEAT 

RECOVERY FOR 

HEAT PUMP 

     

 

2.3.1 – 
REFRIG./SOLA

R HYBRID 

ADSORPTION 

SYSTEM FOR 

SUB COOLING 

     

 

2.3.2 - 
REFRIGERATIO

N/SOLAR 

HYBRID 

ADSORPTION 

SYSTEM FOR 

A/C 

     

 

2.4.1 – TRANS-
CRITICAL DHW 

HEAT PUMP  

     

 

2.4.2 – TRANS-
CRITICAL 

HVAC HEAT 

PUMP  

     

 

2.6.1 - 
COUPLING 
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REFRIGERATIO

N SYSTEM TO 

EXISTING FIRE 

WATER TANK 

2.7.1 - 
INVERTER 

DRIVEN BLDC 

COMPRESSOR 

UNIT FOR 

WATER LOOP 

      

2.7.2 - 
OPTIONAL 

ADDITIONAL 

ANCILLARY 

SYSTEMS FOR 

DISCHARGING 

WARM AIR 

DIRECTLY TO 

SPACE 

HEATING 

      

2.7.3 - 
INVERTER 

DRIVEN BLDC 

COMPRESSOR 

UNIT FOR 

WATER LOOP 

WITH NATURAL 

REFRIGERANT 

      

2.7.4 - WATER 

LOOP 

DISTRIBUTION 

INSIDE 

BUILDING 

      

 

2.1. Tran critical systems for warm climate 

Description: CO2 technologies use is limited in warm and hot climates due to a 
low efficiency at high external temperature. The aim of this chapter is to present 
solutions to increase efficiency in warm and hot climates to reach the efficiency 
level of a standard R134a/CO2 system, considering this kind of system as the 
BAT (Best available technology) in hot climate. Different solutions have been 
investigated. 

2.1.1. Parallel compressor system 

Description: with the rising of the external temperature, the amount of flash gas 
produced after the first lamination by the High Pressure Valve increases 
considerably. In a standard system, the flash gas is usually removed thanks to a 
flash gas valve that laminate the flash gas in excess to the level of the suction 
pressure of the MT compressors. As a consequence, more and more 
compressors are dedicated to the flash gas removal. A parallel compression 
allows the flash gas to be removed starting from a higher, and dedicated suction 
pressure level, reducing the consumption in the system. 
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Figure 6 - Traditional transcritical 
system 

 
Figure 7 - Transcritical system with 

parallel compression 

 

Capital cost and complexity of the system increases. Additional components are 
required, such as the inverter, to regulate the parallel compressor and the 
controller required to satisfy the new suction control level. 

 

 

Figure 8 – Concept layout of parallel compressor system 

The concept has been investigated deeply during the years and several retail 
buildings are running with this kind of solution. Several papers and documents, 
as well as experimental results, can be easily found in literature. 

Conclusion: solution is now considered as cost effective in large packs, 
meanwhile is not considered cost effective for small cooling power application. 
No further investigation on this technology is complete in this deliverable. 

2.1.2. Ejector technology system 

Description: An ejector uses the Venturi effect of a converging-diverging nozzle 
to convert the pressure energy of a motive fluid to velocity energy, which creates 
a low pressure zone that draws in and entrains a suction fluid. After passing 
through the throat of the injector, the mixed fluid expands and the velocity is 

http://en.wikipedia.org/wiki/Venturi_effect
http://en.wikipedia.org/wiki/De_Laval_nozzle
http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Velocity
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reduced which results in recompressing the mixed fluids by converting velocity 
energy back into pressure energy. The motive fluid may be a liquid, steam or any 
other gas. The entrained suction fluid may be a gas or a liquid as well. 

 

 

Figure 9 - Concept layout of the ejector component 

 

Different configurations of ejectors have been proposed in commercial 
refrigeration. The aim of these configurations is to use the energy nowadays 
dissipated by the high pressure lamination valve efficiently. 

 

 

Figure 10 – Concept layout of ejector system  

 
There are a lot of patents that locate the ejector in different positions inside a 
refrigeration system. All the configurations can be grouped in low-side and high-
side ejectors. A low-side configuration is a configuration were the ejector is 
installed after the gas cooler (to be powered with high pressure trans-critical gas) 
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and after the evaporator (to be feed with low pressure vapour). The discharge of 
the ejector consists of a mix of vapour and pressure separated inside a low 
pressure tank. The vapour flows to the compressor, the liquid flows into the 
evaporators. 

 
Figure 11 - Example of ejector cycle in low-side configuration. Patent EP1160522 

 
A high-side configuration is a configuration were the ejector is installed between 
the gas cooler and the compressor using pump compressed liquid refrigerant to 
increase the pressure of the compressor discharging gas.   

 
Figure 12 - Example of ejector cycle in high-side configuration. Patent US7559212 

 
Several number of patents and configurations have been presented both as 
theoretical or prototype study. Theoretical and experimental analysis shows that 
ejector technology enhanced the efficiency of the trans-critical system in hot 
climate and allow the efficient use of CO2 with worldwide external condition.  
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Figure 13 - Ejector technology - Impact on the efficiency for different location - SINTEF 
Energy Research (ICR 2015, Yokohama, Japan) 

 
 
The technology seems promising and shall be deeply investigated. Ejector 
components are never less still present on the market as prototype components 
only. In order to test the technology in real store in WP6, an R&D effort shall be 
done together with installation effort and demo testing. 
 
 
 
 

2.1.3. Low pressure tank system 

Description: low pressure tank is a type of large anti-liquid bottle (or separator) 
located before the MT pack suction line. It has the function to separate the liquid 
and gas phase, managing an input mixture of liquid/gas with a very low quality 
(meaning ratio between liquid and gas phase). The liquid accumulates at the 
bottom of the tank in order to be removed with various technicalities, such as sub-
cooling the MT liquid line system, expand it in the economizer, etc... The 
expectant results are a general increase in the evaporating pressure, a decrease 
in the suction compressor temperature as well as in the discharge compressor 
temperature. 
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Figure 14- Concept layout of low pressure tank system 

 

The presence of the LPT before the compressor suction allows: 

 Management of liquid coming back from the evaporators to the pack; 

 Work with floated-like evaporator or overfeeding-like evaporator in order to 
increase heat exchange efficiency; 

 Exploitation of the heat exchange efficiency to increase compressor suction 
pressure, reducing energy consumption; 

 Decrease in compressor discharge temperature thanks to lower superheating in 
MT pack suction line. 

 
 
 
Field test 
The field test selected is a small trans-critical system with the following 
characteristic: 

 Location: 3.097 Day-Degree 

 MT power: 86.30 kW 
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 LT power: 9.24 kW 
 

 
Figure 15 - MT section 

 
Figure 16 - LT section 

The store is characterized by: 
- 34% of the MT load has a request of nominal evaporating temperature less than 

-10°C; 
- 57% of the MT load has a request of nominal evaporating temperature less than 

-9°C; 
- 76% of the MT load has a request of nominal evaporating temperature less than 

-8°C;  
- 11% of ratio between LT and MT load. 

 
 
Pack and LPT has been assembled and tested in factory and then delivered to 
the store to be installed. 
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Figure 17 - LTP in factory  

 
 
 

   

 
Figure 18 - Pack in store during installation 
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Figure 19 - Figure showing the technical room where on the right the pack, on the left the 

LPT 
 
The store runs in standard conditions without LPT for several months and has 
been optimized. Floating evaporating temperature has been activated. In 
particular, the Expansion Valve duty cycle has been analyzed to localize the 
most demanding loads that prevent the suction pressure to increase.  
 

Controller % Duty Cycle 

[01-NA-NA] B02 MURALE FV - 8    42,85  

[01-NA-NA-] B03 MURALE FV - 
9 

   46,41  

[01-NA-NA] B28 MURALE 
MASTER SL - 10 

     3,01  

[01-NA-NA] B28 MURALE 
SLAVE SL - 11 

     4,27  

[01-NA-NA] B29 MURALE 
MASTER SL - 12 

     3,36  

[01-NA-NA] B29 MURALE 
SLAVE SL - 13 

     3,84  

[01-NA-NA] B30 MURALE 
MASTER SL - 14 

     3,65  

[01-NA-NA] B30 MURALE 
SLAVE SL - 15 

     3,88  

[01-NA-NA] B31 MURALE 
MASTER SL - 16 

     4,28  

[01-NA-NA] B32 MURALE 
MASTER SL - 17 

   20,71  

[01-NA-NA] B16 VASCA SL – 18    80,08  

[01-NA-NA] B18 VASCA SL – 19    83,42  

[01-NA-NA] B20 VASCA SL – 20    82,41  

[01-NA-NA] B22 VASCA CA – 21    63,12  

[01-NA-NA] B24 MURALE 
MASTER CA - 26 

   33,56  

[01-NA-NA] B23 MURALE 
SLAVE CA - 27 

   31,93  

[01-NA-NA] B27 MURALE 
MASTER CA - 28 

   25,67  

[01-NA-NA] B26 MURALE 
SLAVE 1 CA - 29 

   24,24  

[01-NA-NA] B25 MURALE 
SLAVE 2 CA - 30 

   33,37  

[01-NA-NA] B04 BANCO GA - 31    34,42  

[01-NA-NA] B05 BANCO GA - 32    45,10  

[01-NA-NA] B06 BANCO GA - 33    11,36  

[01-NA-NA] B08 BANCO GA - 35    27,69  

[01-NA-NA] B09 BANCO GA – 
36 

     9,09  

[01-NA-NA] B11 RETROBANCO 
- 37 

   55,52  

[02-NA-NA] C06 CELLA CA – 
100 

   10,81  
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[02-NA-NA] C05 CELLA CP – 
101 

     7,01  

[02-NA-NA] CO4 CELLA CP – 
102 

     5,02  

[02-NA-NA] C03 CELLA SL – 
103 

   17,39  

[02-NA-NA] C02 CELLA 
LATTICINI - 104 

   12,65  

[02-NA-NA] C01 CELLA OF – 
105 

   36,14  

 
Seven loads have been identified as the most demanding loads. To this cabinet, 
the SH has been first reduced rather than placed to zero in order to over-feed the 
evaporator and increase the exchange efficiency of the heat exchanger. In doing 
so, liquid starts to come back to the LPT and accumulate. As long as the LPT is 
able to manage the liquid return the SH of the most demanding cabinets is 
decreased. As a result, the duty cycle of the cabinet decreases and the floating 
suction algorithm can increase the suction pressure set-point. 
 

 
Figure 20 - Decreasing in discharging temperature due to LPT activation 

 
LPT has proven to reduce the discharging temperature and increase the 
evaporating temperature. 

 Standard With LTP 

Evaporating 
pressure 

25.39bar(r) 27.38bar(r) 

Evaporating 
temperature 

-10.12°C -7.56°C 

  
LPT has been proven to be effective in reducing discharging temperature and 
increasing evaporating temperature. 
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Some open point remains on effectiveness of the low pressure tank to separate 
properly liquid and gas vapour. Improvements in the mechanical layout of the 
tank are required.  
 

 
Figure 21 - Original design of the liquid/vapor separator. To be improved to better separate 
refrigerant flow coming back from the overfeeding evaporators 
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The need of a different management of oil reclaim has also been observed. A 
new sizing criterion of the evaporator nozzle is required to allow overfeeding of 
the evaporator. Optimization of the control rules of the system is then foreseeable 
to allow the system to automatically select the load where to activate overfeeding 
according to the amount of liquid level in the low pressure tank.   
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2.1.4. Sub cooling system 

Description: with the rising of the external temperature, the amount of flash gas 
produced after the first lamination by the High Pressure Valve increases 
considerably. In a standard system, the flash gas is usually removed thanks to a 
flash gas valve that laminate the exciting flash gas to the suction pressure level 
of the MT compressors. As a consequence, more and more compressors are 
dedicated to the flash gas removal. A way to remove the flash gas and increase 
the efficiency is sub cooling the refrigerant once outside the gas cooler. Different 
solutions can be used to sub cool the system: 

 Mechanical sub cooling with an external unit; 

 Groundwater source; 

 A/C chillers; 

 Any other external source with a temperature lower that the ambient temperature. 

 

 

Figure 22 - Concept layout of sub cooled system 

 
Solution Description 

Mechanical 
sub-cooling 

Small dedicated motor-condensing unit used only for 
sub-cooling the refrigeration system 

Groundwater 
source 

Groundwater as cold sink. Depending on the mass-flow 
and the water characteristic the system can be use to 
significantly reduce the number of trans-critical hours. 

A/C source Integration with water base HVAC system is a natural 
solution when a small amount of addition cooling 
power is available 

 

2.1.4.1. Sub cooling system with A/C source  

Activation of sub cooling always decreases the refrigerant consumption but it 
increases the consumption of the A/C system and the accessories (like the 
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water pump) required to transfer the heat between the A/C rack and the 
refrigeration gas-cooler. 
 
The overall efficiency depends on three aspects: 

- The efficiency of the A/C; 
- The efficiency of the Refrigeration; 
- The power consumption of the water pump; 
- The gain in efficiency of the refrigeration system after the sub cooling is 

activated. 
 
To maximise the overall energy efficiency the iBEMS system must be able, in 
specific external temperature condition, to: 

- Evaluate the availability of the refrigeration system to activate the sub cooling; 
- Evaluate the availability of A/C power for refrigeration; 
- Evaluate the internal condition of the store to decide if a portion of the A/C 

power can be used to sub cool the refrigeration system with or without 
compromising the internal comfort; 

- Evaluate or estimate the efficiency of the A/C and the refrigeration system rack. 

 
 
 
Control logic has to be implemented that is able to decide if and when the sub 
cooling can be activated. Hereafter, the conceptual logic path that must be taken 
into account to evaluate if the sub cooling actions should be activated: 

Internal condition 
(comfort) 

HVAC status: 
(Power available, 

EER) 

Refrigeration 
(Request of 

subcooling, EER) 

iBEMS Evaluation 
(decreasing overall consumption with/without 

compromising the comfort) 
 

Action 
(activate/deactivate subcooling, modifying 

internal condition) 
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To evaluate if the overall efficiency will increase or not the following equation 
must be verified: 
 

Yes 

Can Refrigeration 
accept sub cooling? 

No 

Has HVAC surplus 
power to support sub 

cooling? 

Yes No 

Can the comfort inside the 
store be reduced? 

Is it worth activating sub 
cooling? (See equation 1) 

Yes No 

Activate sub cooling Deactivate sub cooling 

Yes No 

Figure 23 - iBEMS logic path to decide activation/deactivation of sub cooling 
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∆𝑃𝐴/𝐶
𝑒𝑙 + 𝑃𝑝𝑢𝑚𝑝

𝑒𝑙 < ∆𝑃𝑟𝑒𝑓𝑟
𝑒𝑙  

 

After some step, considering  𝐸𝐸𝑅 =
𝑃𝑓

𝑃𝑒𝑙
 it is possible to recollect the saving of 

the sub cooling system to the following equation: 
 

Equation 1- Mazzola D.  [2014] 

 
 
Where: 

- 𝐸𝐸𝑅𝑟𝑒𝑓𝑟 is the refrigeration efficiency; 

- 𝐸𝐸𝑅𝐴/𝐶 is the Air Conditioning efficiency; 

- ∆𝐻 is the prevalence of the pump; 
- 𝑐𝑝is the specific heat of water; 

- ∆𝑇 is the difference in temperature of the water; 
- 𝜇𝑝𝑢𝑚𝑝 is the efficiency of the pump; 

- 𝜀 percentage of the condensing power which is used as sub-cooler; 

- 𝛾  is equal to  
𝐸𝐸𝑅𝑟𝑒𝑓𝑟+1

𝐸𝐸𝑅𝑟𝑒𝑓𝑟
; 

- 𝐸𝐸𝑅𝑟𝑒𝑓𝑟
𝑆𝐶 = 𝐸𝐸𝑅𝑟𝑒𝑓𝑟 ∗ (1 + 𝜗). 

 
So energy saving depends by: 

- 𝐸𝐸𝑅𝑟𝑒𝑓𝑟 

- 𝐸𝐸𝑅𝐴/𝐶  

- ∆𝐻  

- ∆𝑇  
- 𝜇𝑝𝑢𝑚𝑝  

- 𝜀  

- 𝛾   
- 𝜗 

 

Hereafter the simulation with different A/C efficiency at +25°C external 
temperature showing the influence of the A/C efficiency on the energy saving. 

Table 4  - Influence of the A/C efficiency on the overall energy consumption of a sub 
cooling system 

EER A/C [-] 2,00 3,00 4,00 

Percentage of cond. 
power sub cooled 

[%] 20% 20% 20% 

EER refrigeration 
without sub-cooling 

[-] 2,02 2,02 2,02 

EER increasing in 
refrigeration with SC 

[%] 28% 28% 28% 

External Temperature [°C] 25,0
0 

25,00 25,0
0 

Head pressure [m.c.
w.] 

5,00 5,00 5,00 
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Specific water heat [kJ/kg
K] 

4,19 4,19 4,19 

Water temperature 
difference in/out 

[K] 5,00 5,00 5,00 

Pump efficiency [-] 0,20 0,20 0,20 

Saving 
 

-
8,77
% 

1,30% 6,34
% 

 
The results show how at +25°C external temperature the energy savings end 
when the A/C system has efficiency lower than 3. 
 

Hereafter the simulation with different head pressure at +25°C external 
temperature showing the influence of the pump consumption on the energy 
saving. 

 
 
Table 5 - Influence of the pump consumption on the overall energy of a sub cooling 
system 

External temperature [°C] 5,0
0 

10,
00 

15,0
0 

Percentage of cond. load 
sub cooled 

[%] 20
% 

20
% 

20% 

EER refrigeration [-] 2,0
2  

2,0
2  

2,02  

EER difference [%] 28
% 

28
% 

28% 

EER A/C [-] 3,0
0  

3,0
0  

3,00  

External temperature [°C] 25 25 25 

Specific water heat [kJ/k
gK] 

4,1
9  

4,1
9  

4,19  

Temperature difference [K]  
5,0

0  

5,0
0  

5,00  

Pump efficiency [-] 0,2
0  

0,2
0  

0,20  

Saving 
 

1,3
0% 

0,5
8% 

-
0,14

% 

 
Hereafter, a simulation with an A/C sub-cooling system which is able to supply 
up to 25% of the refrigeration condensing power. Different environmental 
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conditions are simulated. Typical performances of the components are 
considered. 
 
Table 6 - Effect of a sub cooling with a target R744 refrigeration temperature of +15°C 

WITH A/C SUBCOOLING 
(To=+2°C) 

U.M. T EXT 
+40°C 

T EXT 
+35°C 

T EXT 
+30°C 

T EXT 
+25°C 

External temperature [°C] 40 35 30 25 

EER A/C [-] 2,80 3,22 3,72 4,34 

EER REFR without SC [-] 1,13 1,34 1,61 2,02 

Percentage of sub cooling 
(SC) required 

[%] 22% 20% 17,2% 13,2% 

EER refrigeration increasing [%] 45% 36% 27% 18% 
 

     

Refrigeration condensing 
power 

[kW] 188,15 174,85 162,04 149,46 

Refrigeration cooling power 
installed 

[kW] 100,00 100,00 100,00 100,00 

Pump electrical power [kW] 0,492 0,415 0,332 0,236 

Pressure head [m.c.
w.] 

5,00 5,00 5,00 5,00 

Pump efficiency [-] 0,20 0,20 0,20 0,20 
 

     

Electric power without SC [kW] 88,15 74,85 62,04 49,46 

Electric power with SC [kW] 76,10 66,25 56,63 46,82 

Saving [%] -13,7% -11,5% -8,7% -5,3% 

 

In general it is possible to claim that with standard equipment the sub cooling 
based on existing A/C system is always an energy saving when temperature are 
above +25°C. 
 
To maximize the energy efficiency and enhance the coupling between the system 
it is necessary to add to the iBEMS the algorithm described above, able to 
evaluate the parameter shown before.  
 
 
 
 

2.1.4.2. Dedicated mechanical sub cooling; 

Description: A dedicated condensing unit installed close to the gas cooler to sub 
cool the CO2 on demand. Unit is usually between 10 and 20% of the condensing 
power of the trans-critical system. The unit has to be selected in order to be able 
to run with a quite high evaporating temperature in order to maximize the 



 
 
 
 
 

 
 

 

 

 

Deliverable D4.7 Shopping mall energy distribution  

35 

efficiency. With dedicated mechanical sub-cooling, the advantage is the highest 
evaporation possible with the highest efficiency. 

 
To evaluate if the overall efficiency will increase or not the following equation must 
be verified: 

∆𝑃𝐴/𝐶
𝑒𝑙 < ∆𝑃𝑟𝑒𝑓𝑟

𝑒𝑙  

 

After further steps, considering  𝐸𝐸𝑅 =
𝑃𝑓

𝑃𝑒𝑙 it is possible to recollect the saving of 

the sub cooling system to the following equation: 
 

Equation 2 - Mazzola D.  [2014] 

𝜗 ∗ 𝐸𝐸𝑅𝐴/𝐶

𝜀 ∗ (1 + 𝜗) ∗ (𝐸𝐸𝑅𝑟𝑒𝑓𝑟 + 1)
> 1 

 
Hereafter the simulation: 

DEDICATED MECHANICAL 
SUBCOOLING (To=+15°C) 

U
.
M
. 

T 
EXT 
+40°

C 

T 
EXT 
+35°

C 

T 
EXT 
+30°

C 

T 
EXT 
+25°

C 

External temperature [°
C
] 

40 35 30 25 

EER A/C [-
] 

4,05 4,76 5,65 6,81 

EER REFR without SC [-
] 

1,13 1,34 1,61 2,02 

Percentage of sub cooling 
(SC) required 

[
%
] 

22% 20% 17% 13% 

EER refrigeration 
increasing 

[
%
] 

45% 36% 27% 18% 

 
     

Refrigeration condensing 
power 

[
k
W
] 

188,
15 

174,
85 

162,
04 

149,
46 

Refrigeration cooling power 
installed 

[
k
W
] 

100,
00 

100,
00 

100,
00 

100,
00 

Pump electrical power [
k
W
] 

0,49
2 

0,41
5 

0,33
2 

0,23
6 

Pressure head [
m
.

5,00 5,00 5,00 5,00 
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c
.
a
.] 

Pump efficiency [-
] 

0,20 0,20 0,20 0,20 
 

     

Electric power without SC [
k
W
] 

88,1
5 

74,8
5 

62,0
4 

49,4
6 

Electric power with SC [
k
W
] 

71,5
5 

62,7
6 

54,0
9 

45,1
6 

Energy Saving [
%
] 

-
19% 

-
16% 

-
13% 

-9% 

 
In general, it is possible to claim that with standard equipment the sub cooling 
based on a dedicated motor-condensing unit is always an energy saving when 
temperature is above +25°C. 
 
 
 
 
 

2.1.4.3. Sub cooling system with groundwater; 

Description: The groundwater is naturally present in the soil. Extracting the 
groundwater, for civil and industrial uses, is a very well known technology and 
widely utilized. In order to understand if it is possible to install a groundwater 
based system, a hydro geological analysis has to be performed in the area of 
interest. The analysis reveals the following water-bearing stratum characteristics: 
temperature, depth, chemical properties, productivity. The data recovered will 
allow proceeding with a feasibility study. The groundwater will be used to sub-
cool the refrigeration system increasing energy efficiency. 
 
The following characteristic must be considered: 

 Temperature - The water-bearing stratum temperature fixes the minimum 
condensing temperature of the refrigeration cycle affecting the system efficiency 
and, as a consequence, the running cost; 

 Productivity - The water-bearing stratum productivity is defined as the water flow 
rate that the stratum is able to supply for a single well, without interference with 
other wells. It is important to understand the productivity as to whether the water 
mass flow is enough to cool the system; 
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 Depth - The water-bearing stratum depth affects the design system in two ways: 
installation cost - increasing the well length and the pump size, and running cost 
- increasing electric energy pumping cost and well maintenance; 

 Chemical characteristic - Chemical characteristic are important to understand the 
maintenance cost of pumps, heat exchangers and pipes. 

Assuming that the aquifier allows enough production for the max mass flow 
considered, increasing the water flow rate produces a decrease in the condensing 
temperature and, as a consequence, a decrease in the compressor electric 
power. As a drawback the pump electric power increases. An optimal mass flow 
rate design point exists.  

 

Figure 24 - COP variation as a function of the water increasing temperature in the heat 
exchanger 

 
In place of the mass flow which depends on the cooling power, the water 
temperature difference has been used to define an optimal set point independent 
of the cooling power. The optimum water flow rate temperature difference 

changes as a function of the groundwater temperature. The optimum optT  

remains between 2.5 to 3.5. It has to be noted that in case of a compressor with 
higher isentropic efficiency, the optimum value shifts left to right. 

COP variation for different groundwater conditions - The increasing of 
groundwater temperature produces an increase in the condensing temperature 
and, as a consequence, a decreasing in the COP. Increasing the groundwater 
depth increases the pump consumption and decreases the COP. It is possible to 
obtain iso-COP strips for different combinations of groundwater temperature and 
depth. 
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Figure 25 - Iso-COP strips for difference combinations of groundwater temperature and 
depth for a refrigeration cycle cooled only by water 

 
The COP variation is up to 30% for different combinations of depth/temperature 
conditions. 

 
Figure 26 - COP differences for different depth/temperature groundwater conditions: 10 

meter, 13°C is the reference 

 

Conclusion 
Groundwater is a valid alternative to the use of mechanical sub-cooling but it 
requires a very high initial effort for ground and chemical analysis. Moreover, the 
capital cost required for a groundwater supply shall be evaluated carefully. 
Solutions refer to a very specific boundary condition of the installation side and 
so it cannot be used as general solution for retrofitting in a shopping mall. Not 
one of the demo-case or the demo-building has groundwater sink available. No 
further investigations on the concept have been carried out.  
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2.2. Trans-critical system for heat recovery 
Buildings in EU are getting closer to the n-ZEB (nearly - Zero Energy Building). 
This means that refrigeration is becoming, year after year, one of the most 
important, and one of the few changes of the shopping mall buildings, 
characterized by the presence of a big food retail shop. In this chapter, the focus 
is on the coupling of refrigeration with HVAC technologies in order to maximize 
the overall system performance and simplify the hardware installed in a shopping 
mall. 

2.2.1. Three stages ready to use heat recovery 

Description: An all in one, trans-critical system designed for a small shopping 
mall, where the power required for refrigeration is comparable with the power 
required for the heating and the A/C of the building. The device is equipped with 
three heat exchangers on the condensing side, each of them able to recover 
ready to use thermal power, at different temperature levels. A fourth heat 
exchanger is installed in order to provide A/C power during summer. The rest of 
the pack remains standard with the capacity to supply refrigeration power to 
typical LT and MT loads. 

 
Figure 27 - Concept layout of a three stage heat recovery system 

 
The system runs as a standard trans-critical system with the possibility to 
actively modify the set-point of the discharging pressure, in order to modify the 
thermal power and temperature recovered by the three heat exchangers. The 
system can also activate the A/C heat exchanger to produce cooling power for 
the building. The A/C heat exchanger has a dedicated evaporating level. This 
level is the same as the liquid receiver and can be used as well to remove flash 
gas from the pack. 
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Field test 

 High 
grade 
water 

Medium 
grade 
water 

Low 
grade 
water 

Air 
conditioning 

water 

Power 5 kW 25 kW 10 kW 10 kW 

Temp. 
In 

70°C 35°C 25°C 12°C 

Temp. 
Out  

75°C 40°C 20°C 7°C 

 

 
Figure 28 - Three level heat exchanger for an all in one solution transcritical system 

 

2.2.2. Low temperature heat recovery for polyvalent heat pump 

Description: Due to safety reasons in shopping malls, often present is a fire 
prevention water tank. It consists basically of a large pool full of portable water 
usually placed underground. The water is connected to a fire prevention system 
and it is used in case of a fire emergency. Limitations in the use of the pool would 
depend on the country, or even local law, but in general it can be said that the 
use of the pool for thermal uses is allowed. The pool can be used as a very big 
thermal store, provided no changes are made to the total amount of water 
available. 
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For the fire prevention water tank, it is foreseen the connection of three 
mechanical systems: solar thermal power, refrigeration system, HVAC heat 
pump. During winter, without affecting the performance of the refrigeration 
system, it is possible to recover the condensing power at a low temperature and 
transfer it into the pool. This heat sink could then be used by standard heat 
pumps, or polyvalent heat pumps, to satisfy heating and DHW request. 
 
Solar thermal power can be use to maintain the pool at a warm temperature in 
case the request from the HVAC exceeds the amount of power recovered by the 
refrigeration system.  
 
This solution was originally proposed for the Genova democase due to the 
presence of a fire prevention tank. 
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2.3. Trans-critical system with solar integration 
Description: Refrigeration and solar systems both have peak production of heat 
during the summer period. In particular both systems produce the maximum 
amount of heat during a sunny day in the central hours. The sizing of the thermal 
solar system can be optimized taking into account the wasted heat of the 
refrigeration system. 
 

 
Figure 29 - Combined power of a thermal solar system with refrigeration system during 
summer day 

 
Trans-critical refrigeration wasted condensing power can be collected with a 
temperature up to 100°C during the summer period and can be used to activate 
effectively an ad/absorption machine with the power coming from a solar thermal 
field. 
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Figure 30 - Yearly refrigeration useful discharged power and temperature 

 
 
Table 7 - Ready to use heat recovered in a 100kW installed cooling capacity sited in 
Genoa 

Heat recovery 
temperature 

55°C 60°C 65°C 

Reusable 
thermal energy 
from 
refrigeration 

102MWh/year 98MWh/year 89MWh/year 

 
A significant amount of hot thermal load is usually not present in shopping malls 
during summer so a conversion of the heat power to cooling power is required is 
order to find a building load to satisfy. Two main cooling loads are present during 
summer period: 

- A/C cooling demand; 
- Refrigeration sub cooling demand. 
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Figure 31 - Schematic layout of integration between solar and refrigeration system 

 

2.3.1. Adsorption technology 

The adsorption chiller consists of four main components: two desorber / adsorber, 
a condenser and an evaporator. The adsorbent (silica gel) is dried out by applying 
heat. Vapour is generated which flows into the condenser and is liquefied, while 
heat is being rejected. The heat input into the adsorber stops when the material 
is sufficiently dried out. After the cooling phase, the liquid condensate re-reacts 
and evaporates. The dried adsorbent aspirates the vapour. Chilled water is 
generated via evaporation, and can be used for air-conditioning. During the 
adsorption process, heat is being produced which has to be removed by a cooling 
tower. In a final step, the condensate is conducted to the evaporator and the cycle 
is closed. To generate cold continuously, two adsorbers are driven anti-cyclic, 
which means that during desorption of one adsorber, the other one absorbs and 
generates cold.  
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2.3.2. Absorption technology 

The absorption chiller consists of four main components: the generator (also 
named boiler or expeller), the condenser, the evaporator and the absorber. Inside 
the generator, hot water is supplied to the chiller through a heat exchanger. Part 
of the ammonia is expelled from the ammonia/water solution and condensed 
again inside the condenser. The ammonia condensate is fed to the evaporator 
where it is evaporated. During this process, heat energy is discharged from the 
cooling cycle which cools it down. Inside the absorber, the ammonia is absorbed 
from the low concentrated refrigerant ammonia/water solution and the cycle starts 
over again. As the water chilling process produces waste heat (which is the case 
for compression cooling for example), a cooling tower is required. The 
functionality of water/lithium bromide absorbers is nearly identical. In this case, 
water is the refrigerant. The biggest difference is the different pressure levels of 
the two technologies (ammonia is driven with high pressure and water with a 
vacuum) and the different evaporating temperatures. 
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2.3.3. Refrigeration/solar hybrid adsorption system for sub cooling 

Description: this proposal consists of using the thermal power to produce cooling 
power through an ad/adsorption system in order to sub cool a trans-critical 
refrigeration system. The aims are: 

- To recover the wasted heat in an useful way also during summer; 
- To increase performance of the refrigeration system; 
- To decrease the electrical peak request of the refrigeration system; 
- To decrease the size of the refrigeration system. 
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Hereafter, the energy flow showing how the recovery of the condensing power, 
the integration with the solar power and the sub-cooling effects are able to 
remove part of the electric power (in green) requested from the refrigeration.  
 

 

 
 

 
Hereafter, an estimation of the saving and the load peak reduction due to the 
sub cooling with an absorption system.  

 
 
This concept has been integrated in the WP4.3 where deep analysis on 
interaction between refrigeration and solar system has been investigated. 
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2.4. Transcritical heat pump for HVAC and/or DHW 
Description: the system is a trans-critical heat pump able to satisfy the demand 
of DHW and/or thermal energy required from the building heating system. The 
system is composed of a trans-critical compressor, two level heat exchanger, 
subcritical liquid receiver, one air to refrigerant evaporator and another refrigerant 
to refrigerant evaporator. 

 
Figure 32 - Concept layout for a transcritical heat pump 

 
Features: 

- Thanks to a high discharge temperature and modulating the discharge pressure, 
it is possible to produce hot water with different temperature levels up to 90°C; 

- Two evaporating sections have been tested. One is a standard air evaporating 
section allowing the system to work as a standalone system. The other one is a 
refrigerant/refrigerant heat exchanger to allow the coupling of the system with a 
thermal sink; 

- System runs with returning water temperature up to 45°C in order to be able to 
work for DHW or for combined use with a heating system. 
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Figure 33 - Picture of the prototype where can be seen the parallel compression, the 

receiver and the electric board 

 
 
 
The reference for testing the system comes from the UNI EN 14825:2012 that 
defines the condition for performance data for a heat pump in combined mode: 
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As well as in the only hot water mode: 

Heat pumps Cold source temperature (air) Hot source temperature, 
tap water 

Tap water 
production 
only 

7 15 20 35 55 

 
Prototype 
The heat pump is equipped with three water storage facilities to be able to test 
the system with and without temperature stratification. 
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Figure 34 - Three water storage to test the behavior of the heat pump with and without 

stratification 

 
 
 

 
Figure 35 - External heat exchanger to allow the heat pump to work as a standalone unit 

not coupled with a refrigeration system 

 

Results 



 
 
 
 
 

 
 

 

 

 

Deliverable D4.7 Shopping mall energy distribution  

51 

Tests were done in order to optimise the system. Generally, it seems that 85 bar 
is an optimum pressure for heat recovery in all cases.  

 

Figure 36 - Efficiency of heat pump production DHW with differing evaporating condition 

 

The system has been tested in DHW mode only. Water at +15°C as inlet water 
has been considered as mean tap water temperature. A temperature of +55°C 
has been set, according to normative, as DHW temperature level. To resume: 

- TEST A: -7°C as cold source, up water temperature +15°C and +55°C for 
domestic hot water; 

- TEST B: +2°C as cold source, up water temperature +15°C and +55°C for 
domestic hot water; 

- TEST C: +12°C as cold source, up water temperature +15°C and +55°C for 
domestic hot water. 
The conditions correspond to: 

- TEST A: The use of the heat pump in winter season with external air as cold 
source; 

- TEST B: The use of the heat pump in mid season with external air as cold source; 
- TEST C: The use of the heat pump in winter with the condensing side of a 

standard refrigeration system as cold source; 
Hereafter the results: 

Table 8 - Heat Pump results in DHW mode only 

Source temperature Efficiency[-
] at 75bar 

Efficiency[-
] at 85bar 

Efficiency[-
] at 95bar 

Air: -7°C - Water: +15°C/+55°C 3.0 3.6 3.3 

Air: +2°C - Water: +15°C/+55°C 3.6 4.6 4.1 

Air: +12°C - Water: +15°C/+55°C 4.0 5.7 5.6 
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The system has been tested in heating mode only. Different water inlet 
temperatures have been considered ranging from +15°C to +45°C. A temperature 
of +55°C has been set as heating water temperature outlet. This test shows the 
effect of allowing these tanks to gradually warm up to store heat and the effect 
on COP of rising inlet temperature. To resume: 

TEST A: +12°C as cold source, out water temperature +55°C. 

The conditions correspond to the use of the heat pump in winter, with the 
condensing side of a standard refrigeration system as cold source. Hereafter the 
results: 

Discharge 85bar with water output at +55°C Air: +12°C - Water: +55°C 

Water in: +15°C 5,7 

Water in: +20°C 5,4 

Water in: +25°C 4,4 

Water in: +30°C 3,3 

Water in: +35°C 2,7 

Water in: +40°C 2,1 

Water in: +45°C 1,5 

 

The efficiency of a trans-critical system falls with the raising of the inlet water 
temperature. The results limit the use of a trans-critical heat pump system with a 
low water return temperature such as snow melting system, radiant floor, radiant 
ceiling and similar heating system with a return water temperature close to, or 
below 30°C. 

 
Figure 37 - Heat pump efficiency with the variation of the inlet water temperature in 

heating mode condition 
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2.5. Thermal storage to manage load peak 

2.5.1. Coupling refrigeration system to existing fire water tank 

Description: fire water tanks are commonly installed in large shopping malls due 
to safety for anti-fire systems. This large amount of water shall be used as inertia 
storage to shift or shave a load off thermal machines like refrigeration, air 
condition and heating.  

 
Without modifying the amount of water in the water storage, the temperature shall 
be modified by transferring thermal power to and from the pool to the mechanical 
system. The thermal equilibrium of the storage shall be maintained thanks to: 

Night dissipation through a dry-cooler; 

Heat dissipation through the soil; 

Active heat transfer with an additional evaporator/condenser on the refrigeration 
system to cool storage during a low load period; 

The storage can be use in two ways: 

Standard sub cooling with or without little change in condensing pressure; 

Super sub-cooling with a change in discharge pressure under the critical point to 
obtain a subcritical behaviour. 

The expected results are shown below: 
 
Table 9 - Draft table showing the energy saving and the peak load 

Variable [-] 
Standard trans-
critical 

Subcooled trans-
critical 

Supercooled trans-
critical 

T gas cooler exit [°C] 35,00 20,00 20,00 

Discharging 
pressure [bar] 89,20 89,20 57,39 

Thermal power 
required [kW] - 28,45 104,24 

Electric power [kW] 65,94 49,61 33,58 

   -25% -49% 
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Storage capacity1 [h] - 73,57 20,08 

COP [-] 1,52 2,02 2,98 

   33% 96% 

Electric power is reduced by 25% in the case of standard sub-cooling and by half 
in the case of super sub-cooling. 
 

 
 
The solution has been simulated as a task of the WP4.1 showing promising 
results. See related deliverable. 
 

2.6. Water loop systems 

2.6.1. Inverter driven BLDC2 compressor unit for water loop distributed 
refrigeration system; 

Description: water integral cabinets are standard remote cabinets with a motor-
condensing unit on-board. The unit is usually water condensed. Refrigerated 
units such as cabinets or coldrooms are equipped with water cooled compressors 
and work to discharge the condensing heat into a water loop. The advantages of 
this technology are: 

- Each unit works independently and maximizes the reliability and efficiency of 
the system. Each unit running with its own thermodynamic conditions (mainly 

                                                        

1 Number of hours in which the storage can manage the load without exceeding temperature set-point. 
2 Brushless direct current 
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evaporating and condensing level). Failure of a single unit does not affect the 
behaviour of the other units; 

- Equipment is sealed and pre-charged in the factory. Leak tests in the factory 
allow a low refrigerant leakage rate and optimized refrigerant charge; 

- Easier installation with only water and electrical supply; 
- On board motor-condensing unit allows reduction of refrigerant in pipeline. 

Lower amount of refrigerant for the system; 
- It is possible to use integral cabinets with the same TDA (Total Display Area) of 

a remote cabinet. Aesthetics of the store are not compromised; 
- Consumption for each device is easier to monitor: electric energy consumption 

can be split for different types of load or even a single load. In the case of a store 
with different owners (like a market), all the units are connected to the same water 
loop system. Electric energy measurements instead of thermal measurements 
allow an easy and cheap method to split the consumption to the different owners. 
 
Table 10 - Table comparing3 the pro-cons of a Integral solution vs. Remote and Plug-In 

 Plug-in Remote BLDC 
integral 
system  

Merchandising M H H 

Accessories L H M 

Flexibility H L M 

Efficiency M H H 

Noise L H H 

Heat rejected Air Remote Water 

Installation Plug&Play Frigorist Hydraulic 

Leakage L H L 

Amount of 
refrigerant 

L H L 

 
The system described has a horizontal BLDC variable speed compressor 
connected to a sloping plate heat exchanger cooled by technical water. The 
compressor drive inverter is also water cooled. An expansion valve and 
evaporator complete the circuit. The control logic plays an important role in the 
efficiency and in the coupling between the motor-condensing unit and the load. 
 
 
The control system manages: 

- Compressor speed as a function of the air temperature set-point; 
- Expansion valve opening degree as a function of the superheat leaving the 

evaporator; 

                                                        

3 Legend: L-Low, M-Medium, H-High 
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- Compressor running parameter actively maintaining the compressor inside its 
operating envelope; 

- Oil reclaim to the compressor as a function of the running condition and type of 
load; 

- All the other basic functions as described in the first chapter on “refrigeration 
control logic”.  
 

 
Figure 38 - Legend. A is the inverter, B is the water connection and heat exchanger and C 

is the horizontal rotary compressor 

 
 
BLDC compressors have the important advantage to work with high efficiency in 
off-design conditions. That means that the maximum efficiency is reached at 
partial load conditions. For most of the time the cooling load required by the 
cabinet is much lower than the nominal cooling capacity. For that reason, in order 
to maximize the energy efficiency, it is important that the maximum efficiency of 
a variable speed compressor is not at the design condition but on the partial load 
condition. 
 
Hereafter, the frequency of the rotor compressor speed for a water loop 
application. Three LT cabinets are displayed. The data refers to August 2015. As 
can be seen: 

- Most of the time, compressors runs between the 40% and the 65% of the speed; 
- For a few periods, it is required to power up to between 90% and 100% of the 

cooling capacity (design capacity); 
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Figure 39 - Month of August 2015. Running percentage of the compressor in three vertical 
LT cabinet installed in a real store. 

 
Horizontal compressors allow also to keep the case compact and to locate it 
outside the refrigerated envelope of the cabinet, avoiding the compressor heat 
dissipation inside the cabinet. 
 
When the compressor is BLDC inverter driven, the energy saving is enhanced to 
the point that each cabinet can work following its own maximum allowed 
evaporating temperature, following its specific cooling demand lead by the 
environment. 
 

  

  
 
Hereafter, it can be seen how the compressor modulates (black line) to maintain 
constant the air temperature inside cabinet (blue line). After defrost (on the left) 
the compressor starts at maximum speed to pull down the temperature before it 
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then starts to modulate smoothly. It can be seen around 20h00 the closing of the 
night blind curtain which dramatically reduces the cabinet load. The compressor 
follows the reducing load by decreasing its consumption. 
 

 
Figure 40 - Typical behaviour of the compressor speed (black line) during 24h running 
depending by the load to maintain stable the air temperature (blue line). MT cabinet 
equipped with night curtain. 

 
Another important element is the electronic expansion valve: this component is 
able to regulate precisely the evaporation superheating avoiding liquid return to 
the compressor, thus enhancing the efficiency of the compressor. 
 
Plate heat condensers and the water cooling inverter completely remove the need 
of fan ventilation on the condensing side. This allows a very compact heat 
exchanger. Further it is possible to completely close the case in order to avoid 
noise into the store. All the waste energy is recovered by the water and carried 
outside the building, where it can be dissipated or reused by a simple and 
compact water to water heat pump. 

 
 

 
Refrigerant is another important aspect. The factory tests of these systems lead 
to a system with low leakage rates. The amount of refrigerant is pre-charged in 
the factory and so it is optimized. To select the refrigerant (R410A) two 
elements have been considered: 

- Compliance of the F-gas after 2020 (below 2500 GWP); 
- The compactness of the components that allow a reduction in space or, with the 

same compressor displacement, a higher cooling capacity. 
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Condensing and inverter dissipated heat are recovered by water, the water is 
moved outside to get rid of the heat. This can be done in different ways depending 
on the store location and according to all the layouts available in the water based 
HVAC systems. Hereafter some example: 
 

Solution example Description 

Dry-cooler solution Water loop is cooled by a dry-cooler located 
outside. The system usually does not have 
heat recovery. This is the simplest solution, 
usually adopted for small stores where 
there is no space for a plant room. 

Integration in 
existing building 

Water loop already exists for other 
purposes, usually HVAC. The cabinet 
discharge directly into the water loop and 
balance the winter load of the building. 

Dry-cooler chillers 
with heat recovery 

Water loop is kept to a constant 
temperature during the year by using a 
dry-cooler chiller (free cooling in winter, 
chilled in summer). The machine is also 
able to recover the heat during the winter 
to supply ready to use heat into the 
building. 

 
Installation on the water loop side follows the general rules of the dimensioning 
of a standard water based HVAC system. A point of attention is represented by 
the pump where a certain redundancy has to be foreseen to avoid the introduction 
of a single point of failure. A twin pump with 100% redundancy shall be installed. 
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Figure 41 - Water Loop for distributed BLCD refrigeration system 

 
Results 
An 800mq store with several different loads has been monitored and compared 
to an identical store with optimized standard remote system. Results from the 
field are the following: 

Final users BLDC WL 
Winter 

BLDC WL 
Summer 

Remote 
option 

Vegetable 
vertical 

+2.3°C +1.8°C -9.0°C 

Fresh diaries 
vertical 

+1.3°C -0.1°C -9.0°C 

Meat vertical -3.2°C -5.5°C -9.0°C 
Meat 
horizontal 

-4.7°C -3.0°C -9.0°C 

MT cold room -1.8°C -1.7°C -9.0°C 
LT cold room -26.7°C -23.6°C -9.0°C 
LT cabinet -32.0°C -33.0°C -9.0°C 

Usually, the energy saving rises 1.5% for each degree of evaporating 

temperature, that means energy saving is deeply correlated to: 

- the type of store; 

- the type of cabinet and cold rooms installed; 

- the difference in nominal evaporating temperature between the final users. 

2.6.2. Optional additional ancillary systems for discharging warm air 
directly to space heating 
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Description: integral cabinets can be modified adding an air condenser beside 
the water heat exchanger. During winter operation, the condensing heat is 
rejected into the environment compensating completely the cooling load 
subtracted by the cabinet itself. The total net amount of thermal energy into the 
store is equal to the electric energy consumption of the cabinet. During summer 
operation, the energy is removed by the water condenser so that no additional 
load is rejected into the store. 
 

Pros  

Very cheap solution  

Allows modification of the store without modification on water loop 
side 

 

No additional capital cost for heating system, still requests use of A/C 
system for summer period depending on the location and store size 

 

 

Cons 

Low distribution efficiency 

Heat rejected only in the proximity of the cabinet, low quality of the 
distribution 

Still a primary air system required to assure air quality 

Noise inside the store due to condenser fan ventilation 

Maintenance to the condenser as for plug-in unit 

Increase in the refrigerant charge 

Increasing in complexity for condensing regulations 
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2.6.3. Inverter driven BLDC compressor unit for water loop distributed 
refrigeration system with natural refrigerant; 

 
 
Description: the concept of an on-board condensing unit rejecting heat to a water 
loop, has been extended with the introduction of a natural refrigerant. Even if the 
total amount of refrigerant and leakages is dramatically reduced with the water 
loop system using R410A, regulations are moving towards the complete 
banishment of fluorinated refrigerants as their global warming potentials are very 
high. 
For the same reason, the water loop application with natural refrigerants is under 
development. Among the avaliable natural refrigerants, carbon dioxide results to 
be the best choice for refrigerators of the dimensions of a display cabinet, but too 
big for the introduction of HC refrigerants totally avoiding the associated risks. 
 
Using carbon dioxide leads to the following advantages: 

- It is a non-toxic substance 
- It is not flammable 
- Carbon dioxide is environmentally benign, at least compared to other common 

refrigerants. 
- A carbon dioxide refrigerator results to be very compact due to the high working 

pressures, the high refrigeration volumetric capacity, and high heat transfer 
characteristics of this refrigerant. 
 
There are some limitations in the development of this water loop system: 
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- The high working pressure is a serious concern and requires thicker walls of the 
components. In addition to this, further preventive measures, such as the 
installation of safety relief valves, shall be taken. All the above may have bad 
impact on costs. 

- Compressor manufacturers at present don’t have small size BLDC compressors 
for the European market. 

- Most of the components are not standard and therefore not readily available on 
the market. 
A prototype of an LT cabinet has been built with the components available at 
present and is currently being tested. A prototype of an MT cabinet is being 
assembled and will be tested. 

2.7. Refrigerant leakage  

2.7.1. Description of concept 

Description: a refrigeration system usually consists of an installation of a liquid 
receiver. This component, placed after the condenser, is used to collect the 
excess refrigerant in part load operation and it can be considered as an indicator 
of normal operating conditions of the system. In fact, a well designed system will 
always have both liquid and vapour in the receiver and the refrigerant leaving the 
tank to the evaporators is always in the saturated liquid state. Moreover, systems 
without liquid receivers are charge-sensitive because excess liquid refrigerant 
can occupy a significant volume of the condenser, reducing the effective 
condensing heat transfer area. Differently, under most operating conditions, for 
the system with a liquid receiver the refrigerant leaves the condenser nearly 
saturated and the fraction of the condenser volume occupied by two-phase 
refrigerant is greater. 

The main interest in this task is not to evaluate directly the impact of charge for 
systems with liquid receivers, rather the refrigerant leak detection.  

Leakage can be detected by monitoring the liquid level in the receiver and 
calculating the refrigerant charge in the piping and components under changing 
operating conditions. Monitoring the liquid level, irregular variations of working 
operation can be evaluated, like variations of heat transfer condition and even 
failures of a system component (e.g. the condenser). 

A simple example of a system characterized by a liquid receiver is represented 
following.  
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Figure 42 – Refrigeration system with receiver 

 

Analyzing the liquid variation of the receiver, an optimal working operation of the 
system can be predicted. Further, liquid detection is fundamental in particular for 
a system working with fluorinated gas (see f-gas regulation). The aim of the 
installation is to be able to predict the refrigerant leakage comparing the amount 
of refrigerant inside the receiver correlated with the external temperature and 
system running conditions. The level of liquid inside the receiver may vary 
depending by the running pressure increasing during summer period and 
decreasing during winter period. 

2.7.2. Description of the prototype 

A differential pressure transmitter Yokogawa is installed in Ipercoop Lungo Savio 
supermarket, in Cesena (Italy). The system is characterized by a traditional 
refrigeration plant with a liquid receiver installed on the exit of condenser. 

The high performance instrument EJA110E features single crystal silicon 
resonant sensor and is suitable to measure liquid, gas or steam flow as well as 
liquid level, density and pressure. In particular this model can output a 4 to 20 mA 
signal corresponding to the measured differential pressure, with an accuracy of 
0.055%.  
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Figure 43 – Differential pressure transmitter Yokogawa, EJA110E model 

 

The instrument installed on site is shown in the following picture. The Yokogawa 
transmitter is connected mechanically through 2 capillary tubes, representing the 
high side pressure (liquid side) and the low side pressure (gas side). The choice 
of the correct capsule was decided considering the height of the installation of 
instrument, the height of the mechanical connections and the specific gravity of 
the refrigerant inside the tank (R134a, in this case). 
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Figure 44 – Picture of Yokogawa transmitter connected to the tank in Cesena 

 

The particular geometrical configuration of the tubes connected to the transmitter 
(installed behind the receiver) guarantees the presence of liquid and gas state of 
the refrigerant in the high and low side pressure of the istrument, respectively.  
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The transmitter can be connected to the remote supervision grid in order to output 
the measurement promptly and in an accurate way.  

A data collection is necessary to evaluate the correct behaviour of the plant, in 
particular during the summer, when a high performance of the plant is required. 
The optimization of the operating conditions can reduce the electrical 
consumption of the compressor and optimize the quantity of refrigerant charge, 
while increasing efficiency of the plant and lessening the environmental impact. 

 

 

2.8. Integration in the iBEMS 
The hindrance to the integration process with an iBEMS are: 

 The perceived lack of added value integrating the refrigeration control supervisor 
to an higher supervisor level; 

 The additional effort in the integration between iBEMS and local refrigeration 
supervisor system. 

To solve the perceived lack of added value, several integrations between systems 
have been proposed and described. The control logics are described in the 
details of each section. Hereafter, is reported a summary with the remit to the 
specific section of the deliverable: 

- Sub-cooling activation according to refrigeration status, HVAC status and internal 
comfort conditions. 

- Sub-cooling activation according to solar thermal power, boiler status and solar 
thermal panel stagnation risk. 
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3. Criteria for scenario selection 

Scenarios are proposed by the following criteria: 
- Climate conditions of the site; 
- Ratio between refrigeration load and heating load; 
- Ratio between refrigeration load and cooling load; 
- System size based on capacity installed for heating, cooling, refrigeration and 

DHW. 
 
Moreover other limits are considered such as: 

- Payback time criteria; 
- Technological limit; 
- Climate conditions limit. 

3.1. Definition of criteria 

3.1.1. Ratio between heating load and refrigeration load 

HRR: heating-refrigeration ratio is defined as the ratio between the maximum 
heating demand by the utilities and the refrigeration power installed. 
 
Based on refrigeration capacity installed, it is possible to estimate the total 
amount of rejected thermal power available during the winter season. 
 
This criteria can be used to evaluate if the heating demand of the building can be 
covered by the refrigeration itself without the assistance of any other devices or, 
more generally, the quota of heating demand covered by the refrigeration system. 

3.1.2. Ratio between cooling load and refrigeration load 

CRR: cooling-refrigeration ratio is defined as the ratio between the maximum 
cooling demand by the utilities, and the refrigeration power installed. 
 
Based on refrigeration capacity installed, it is possible to estimate the total 
amount of additional thermal power necessary to cover utilities demand during 
the summer season. 
 
This criteria can be use to evaluate if the cooling demand of the building can be 
covered by the refrigeration itself without the assistance of any other devices or, 
more generally, the quota of cooling demand covered by the refrigeration system. 

3.1.3. Ratio between DHW load and refrigeration load 

DHWRR: domestic hot water-refrigeration ratio is defined as the ratio between 
the maximum domestic hot water demand by the utilities and the refrigeration 
power installed. 
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Based on refrigeration capacity installed, it is possible to estimate the total 
amount of thermal power available for DHW production to cover utilities demand 
during the year. 
 
This criteria can be use to evaluate if the DHW demand of the building can be 
covered by the refrigeration itself without the assistance of any other devices or, 
more generally, the quota of DHW covered by the refrigeration system. 

4. Scenarios 

4.1. SCENARIO: LOW RATIO BETWEEN HEATING LOAD AND REFRIGERATION LOAD 

For stores with ratios between heating demand and refrigeration capacity that is 
less than 0.8, the best solution is a unique machine able to work as a polyvalent 
system: 

- 3HR R744 refrigeration system; 

Scenario 4.1: LOW RATIO BETWEEN HEATING LOAD AND REFRIGERATION LOAD 

HRR <0.8 

CRR <0.3 

Type of HVAC Water based 

Strategy Produce refrigeration, cooling and 
heating power from the same 

device. Distribution through a water 
based HVAC system  

4.2. SCENARIO: HIGH RATIO BETWEEN HEATING LOAD AND REFRIGERATION LOAD 

For stores with ratios between heating demand and refrigeration capacity that is 
higher than 0.8, the best solution is a polyvalent heat pump and a complete 
recovery system from refrigeration: 

- Polyvalent solution; 
- Coupling solar thermal power. 

 

Scenario 4.2: HIGH RATIO BETWEEN HEATING LOAD AND REFRIGERATION LOAD 

HRR >0.8 

CRR Any 

Type of HVAC Any except direct expansion 

Strategy Collect waste heat in a store to be 
used by a polyvalent heat pump 

able to supply heat and cool power 
to the HVAC system. 

4.3. SCENARIO: LOW DHWRR  

When the amount of DHW is less than the 20% of the total refrigeration power 
installed, the best solution is to simply recover the waste heat for the refrigeration 
cycle. 
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Scenario 4.3: LOW DHWRR  

DHW power required <20kW 

DHWRR <0.2 

Strategy Recovery DHW harvesting the 
energy from the waste heat of the 

refrigeration cycle. 

4.4. SCENARIO: HIGH DHWRR  

For production of DHW, the best solution is a R744 based heat pump, able to 
work coupled with the condensing side of a refrigeration system. 
 

Scenario 4.4: HIGH DHWRR  

DHW power required >20kW 

DHWRR >0.2 

Strategy Dedicated R744 heat pump with 
heat source from the refrigeration 

condensing side 

4.5. SCENARIO: STORAGE FOR R744 TRANS-CRITICAL SYSTEM IN HOT CLIMATE 

With water storage with a ratio of mc/kW refrigeration greater than 5 and: 
- R744 trans-critical system with sub-cooling; 
- No flat tariff; 

 

Scenario 4.5: STORAGE FOR R744 TRANS-CRITICAL SYSTEM IN HOT CLIMATE 

Ration between storage mc and 
refrigeration load 

>5 

Strategy Sub-cooling R744 

4.6. SCENARIO: HIGH SUMMER TEMPERATURE CONDITION 

Warm climates with a maximum temperature higher than 40°C, and average 
external temperature   > 18°C, the following improvements should be used: 

- Sub-cooling technologies; 
- LPT technologies; 
- Absorption technology coupled with refrigeration system. 

 

Scenario 4.6: HIGH SUMMER TEMPERATURE CONDITION 

External temperature higher than 40°C 

Strategy - Sub-cooling technologies; 
- LPT technologies; 
- Absorption technology coupled with 

refrigeration system.  
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4.7. SCENARIO: LOAD WITH DIFFERENT DESIGN CONDITIONS OR STORES WITH MULTIPLE 

OWNERS 

For stores with different kinds of load, or stores with multiple owners, where it is 
required to have a precise measurement of the energy consumption of each unit: 

- Water loop system with BLDC technology; 
 

Scenario 4.7: SMALL STORE OR STORE WITH MULTIPLE OWNERS 

Type of load Load with different design 
conditions (Tevap) 

Strategy - Water loop system with BLDC 
technology; 

- Polyvalent heat pump for 
integration with HVAC. 

 

  



 
 
 
 
 

 
 

 

 

 

Deliverable D4.7 Shopping mall energy distribution  

72 

5. Conclusions 

 
The thermal optimization of the mechanical system of a shopping mall has been 
approached in terms of energy savings and environmental constraints. First of 
all, the constraints coming from European directive have been identified. 
Decreasing in building energy demand, and several constraints in the use of 
synthetic refrigerant have been pointed out as the main drivers for R&D activities. 
The heat reclaim from the system has been assumed as the state of the art. 
 
The coupling between mechanical systems have been investigated showing 
potential benefit for both the system with an increasing in reliability, peak shaving 
and energy saving. The system considered has been a solar thermal power 
system, absorption system, refrigeration system, A/C system, fire water 
prevention tank system, hot sanitary water system and heating system. 
 
It has been shown the benefits coming from the coupling between adsorption 
solar thermal system and trans-critical refrigeration system, with the increasing 
of reliability for both systems and the decreasing in energy consumption. The 
solar system provides sub cooling power to refrigeration system in order to 
increase energy efficiency and reduce stress to the compressor during hot 
summer days. The refrigeration system stabilizes the use of the absorber 
avoiding the solar stagnation of the solar field and the start/stop inefficiency 
behaviour of the absorption chiller.  
 
It has been shown the possibility to extend the use of trans-critical system in 
southern countries, enhancing energy efficiency thanks to several techniques: 
evaporator overfeeding, sub-cooling and coupling with a water tank. The most 
promising have been prototyped and tested. Overfeeding of the evaporator 
thanks to low pressure tanks has been tested in field showing significant energy 
savings with minimum technical effort. Mechanical recovery of the expansion 
valves, thanks to ejector technology has been investigated, as well as showing 
potential energy savings and several control strategies and reliability issues. Sub-
cooling techniques have been tested or investigated in refrigeration stand alone 
configuration, as well as in coupling with A/C system. Control strategies have 
been investigated and implemented in the iBEMS showing significant opportunity 
to increase efficiency at store level, and also investigating the effect of the indoor 
comfort conditions. 
 
The all-in-one system has been investigated for a small size shopping mall, with 
the aim to maximize the coupling between systems. Heat pumps based on natural 
refrigerant has been prototyped and tested, showing promising levels of efficiency 
in hot sanitary water production as well as constraints and limitation in the heating 
and A/C mode. 
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At the end of the study, a guideline is reported showing the general criteria on 
how to select a system based on the bordering conditions like heating, cooling, 
refrigeration ratio demand and outside temperature. 
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