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Executive summary 

 

The planning of a high-quality shopping centre retrofitting requires taking into consideration 

different aspects simultaneously: climate, building architecture, Heating Ventilation and Air 

Conditioning systems (HVAC), lighting (L), refrigeration (R), renewable energy sources (RES), 

and storages(S). Each system present in a shopping mall has an influence on the building 

behaviour and, consequently, on the other systems. In a retrofitting process, a comprehensive 

evaluation approach allows to understand the effect of each measure on the overall behaviour 

and understand expected energy penalties or benefits. In fact, energy used in a commercial 

building is dynamic and is based on the interactions among HVAC and electrical equipments, 

internal loads, and external loads. The understanding of these interactions can lead to 

equipment downsizing, or even elimination, and subsequent capital cost reductions. To this 

aim, retrofit measures should be evaluated as integrated packages. 

In this context, building energy simulations allow to study the shopping centre as a whole 

(envelope + HVAC + R + L + RES + S) and to identify effective retrofitting solutions. Energy 

simulations can assess the associated energy savings of retrofit measures, power need 

profiles and impact on internal comfort. The selection of a building energy analysis program is 

therefore crucial and depends on the complexity of inputs, quality of outputs required, 

availability of weather data, and program capability to model specific features or technologies 

[1]. 

The use of building energy dynamic simulations is already widespread within other building 

categories, whereas in shopping malls it is still rather new due to their complexity. The 

development of energy models of shopping centres can be time consuming due to: (i) the need 

of developing numerical models for specific installed technologies (e.g. cold cabinets, cold 

rooms, booster systems); (ii) the definition of the inputs and schedules for the different types 

of thermal zones (e.g. shops, common areas, food store, restaurants, parking); (iii) the 

identification of a shared nomenclature among all the contributors of the model development; 

(iv) the management of the different systems in a consistent way. 

The Integrative Modelling Environment (IME) based on the Trnsys simulation software can 

support the shopping malls retrofitting phases (auditing, design, construction, commissioning 

and operation). The IME, in fact, gathers in the same simulation model: 

 building features; 

 HVAC systems; 

 refrigeration systems and components; 

 daylighting/shading/lighting; 

 storage technologies; 

 RES technologies; 

 natural ventilation strategies and infiltration; 

 non-conventional envelope solutions (vegetation, multi-functional coating and 

materials, etc.).  
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In the IME, the whole building system is divided in base blocks that correspond to the shopping 

mall sub-systems (HVAC, R, L, RES, S) in order to facilitate the whole system modelling. The 

modularity of the IME allows to study each part of the mall separately before being merged 

with the other parts. This also permits each sub-system numerical model to be developed by 

different actors in accordance to the required expertise. The IME allows control strategies 

implementation in the whole system model: this aspect is crucial when considering the 

interactions between the different parts of a shopping mall. 

The structure of the IME is graphically represented in Figure 1. 

  

 

Figure 1 Modular structure of the IME 
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The modelling of a shopping mall before and after retrofitting through IME allows: 

i) to characterize energy savings in order to support decisions at different design 

stages; 

ii) to define and optimize control algorithms at whole building or sub-system level; 

iii) to address optimal scenarios by overall energy system parameterization; 

iv) to assess thermal comfort conditions. 

 

The subsystems developed within the IME concern both solutions aimed to reduce the building 

demands (named “envelope solutions”) and the ones for enhancing the systems performance 

(active solutions). The formers developed within the CommONEnergy project include a 

multifunctional climate adaptive facade (with shading and natural ventilation control), greenery 

integration on the external walls, smart coating materials, daylight technologies and ventilative 

cooling strategies. Within the project, numerical models have been developed for simulating 

greenery and smart coatings effect, while for the daylighting, ventilative cooling and shading 

systems, specific strategies have been created and implemented. In the IME, active solutions 

have been implemented in terms of numerical model of each sub-system components. Base 

elements as the TRNSYS-Types have been used mainly for HVAC systems, RES, lighting and 

storages, while special components have been developed within the project mainly for the 

refrigeration system (display cabinets, cold rooms, cascade and booster cycle). 

Each sub-system has an internal control to simulate the actual intrinsic functioning at single 

technology level, while a main control regulates the interaction of the different parts and 

guarantees an appropriate operating work of the whole system. 

A nomenclature developed within the project defines univocally parameters and set values of 

the technologies. Moreover, the elements are set in order to run parametric analysis for the 

optimization of the components size or control rules. 

The validity of the building models is verified by a model calibration which aims at optimizing 

the most sensitive parameters against utility data. Equipment performance is defined following 

datasheets provided by manufacturers or based on lab-tests.  

Results from simulations are post-processed and reported for presenting the predicted building 

energy demands, final energy consumption, required primary energy, and indoor 

environmental quality level. 
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Foreword 

 

Shopping malls have become complex systems over time because of the coexistence of 

different systems in the same building having different functions and indoor environmental 

needs. It is common practice to install and operate each sub-system (lighting, refrigeration, 

HVAC, natural ventilation, electric and/or thermal storages) independently although they are 

directly or indirectly interconnected. 

The management of several different systems which play a role in zones with different final 

uses is not an easy task as well as the assessment of the building performance.  

For these reasons, dynamic simulations of the whole shopping mall (building + systems) model 

can help: 

- to assess the building behaviour and system performances; 

- to study the indoor environmental quality; 

- to develop and test a comprehensive control strategy which is able to manage the 

whole system. 

Such a model is useful during the design phase of a new shopping mall or for the optimal 

planning of retrofitting interventions. Thanks to this, it is possible to assess the energy savings 

that can be achieved by the implemented measures or the interaction of different systems. In 

the same way, during the operation phase the model can help to support the building 

management, ensuring the foreseen performances and detecting possible needs for minor or 

major retrofitting actions. 

The development of a numerical model able to simulate a complex system as a shopping mall 

could be significantly time consuming and a challenging task to handle, producing results with 

a high degree of uncertainty.  

The aim of this work is to use already existing modelling approaches for developing a 

methodology that allows the implementation and management of complex systems. In such a 

methodology, the different subsystems of a shopping mall are modelled based on a modular 

structure and integrated in the same simulation environment. Each sub-system has its own 

control but also complies with an overall control strategy. The modular and parametric 

structured environment aims at making more effective and efficient the modelling efforts as 

well as considering the effects of the interaction between the different sub-systems. In the 

following this modelling approach, named Integrative Modelling Environment (IME), is 

presented. 

  



 

   

Deliverable D4.1 Integrative Modelling Environment 

1.  Integrative Modelling Environment 

The definition of a structured modelling environment with pre-casted components and 

connection elements aims at i) easing the shopping mall theoretical description and simulation, 

ii) characterizing energy and comfort conditions of shopping mall retrofitting scenarios to 

support design and facility management teams, iii) optimizing the equipment size in order to 

reduce the partial load working hours and optimise the load match, iv) defining an optimal 

control at whole building and sub-system level. Moreover, such a modelling environment has 

a key role also during the building operation [4]. By comparing measurements with simulations 

(also called Measurements & Verification M&V [6]) it allows to check different overall control 

strategy to close the gap between potential and actual performances. Accordingly, the 

advantages of using the IME during a retrofitting process are the followed: 

- more effective and efficient development of complex models; 

- optimized control strategies before the implementation on the existing systems; 

- reliable assessment of energy savings and persistence of savings for a project;  

- reduction of uncertainties to reasonable levels, making proposed technology retrofitting 

solution-sets and control more robust;  

- support in definition of monitoring layout and equipment;    

- improvement of facility management, operations and maintenance (O&M). 

 

1.1. Modelling approach 

The IME consists of a simulation environment where the different parts of a whole building 

energy system are implemented together. To this aim, TRNSYS [8] has been chosen as the 

simulation ambient for the IME thanks to its flexible structure that allows defining a modular 

and parametric modelling environment (Figure 2).  

In the IME, the whole building system is divided into base blocks (see Figure 1) to work on a 

user-friendly modelling environment, making more effective the support of the shopping malls 

retrofitting phases (auditing, design, construction, commissioning and operation). Each block 

represents the building and its sub-systems (HVAC, refrigeration, lighting, storage systems), 

in the following called subdecks. The subdecks are composed by Trnsys components that 

characterize that subsystem.  

A parametric definition of the components features and the modular structure of the model 

layout i) eases the development of a shopping mall system model, ii) allows the optimization 

of the components size and the simulation of different scenarios and solution sets, iii) facilitates 

sensitivity analysis, uncertainty analysis, multi-objective optimization and model calibration. A 

common nomenclature has been developed for the parameters definition of building, 

technologies and control. Moreover, a common nomenclature helps in the integration of the 

single sub-system in a unique model (also called “deck”), when developed by different 

contributors. 
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1.2. Structure of the IME 

The IME can gather in the same simulation deck i) building, ii) HVAC + refrigeration systems, 

daylighting/shading/lighting, iii) renewable technologies (solar collectors and PV panels), iv) 

electric and thermal storages, v) natural ventilation and infiltration, vi) control system. Figure 2 

shows an example of simulation deck, which contains in addition to the building, the HVAC, 

refrigeration and control systems. The components of this modelling platform, also called 

types, are the ones already included in the TRNSYS libraries (standard and TESS) and the 

missing models are developed within the project (i.e. refrigeration cabinets, thermal cascades, 

stand-alone PV systems, green integration…). The type performance is validated against 

manufacturer’s datasheet or laboratory tests. 

Every sub-system has an internal control that guarantees an appropriate system functioning. 

At the same time, it can give information to a main control about the state of the system and 

can receive commands by the main control. 

The main control, that in the CommONEnergy applications corresponds to the intelligent 

Building Energy Management System (iBEMS), connects different systems and regulates the 

functioning of the system as a whole. The simulated control rules are then implemented in the 

iBEMS. For more details on the iBEMS, see D4.3 [18]. 

The results of the simulations are post processed in order to i) present the building behaviour, 

ii) calculate the systems performances, iii) analyse the different implemented solutions, iv) 

estimate the operating costs. This information can therefore be used by the decision makers 

or by the energy manager of the mall. 

The core of the TRNSYS deck is the energy building model (Type 56) organized in a macro, 

in a way that all the building features and envelope solutions are gathered together. As well as 

the rest of the model, internal gains, ventilation and infiltration rate, occupancy, opening and 

closing of the shopping mall, are parametrically defined.  

The other systems are connected to the building type in input and output through interfaces in 

a way that the building energy model is influenced at the same time by all of them. 

Figure 2 represents a sketch of the IME visual interface where the HVAC system (heat pump, 

AHU, hydronic module) is connected to the building macro. The figure shows how the IME 

looks like in the TRNSYS simulation studio. 
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Figure 2 – Sketch of a simulation deck containing building, refrigeration, HVAC and control system. 

1.3. IME definition 

The IME structure follows a method developed at the Kassel University. This method considers 

the systems modelling using subsystems interconnected by interfaces, which makes possible 

to replace each subsystem without modifying the connections with other subsystems. More 

information on the subdecks method can be also found within the framework of IEA-SHC Task 

32 [11]. Each subdeck includes two couples of calculators (inputs and outputs) that work as 

interface with the other subdecks (see Figure 3).  

 

Figure 3 - Sketch of the interconnections between the AHU and refrigeration system’s s subdeck and 

building’s macro 
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The IME is defined through three levels: component level, sub-system level and system level 

(see Figure 4). These levels also correspond to the steps followed for the development of a 

shopping mall model within the IME. Once the sub-systems to be modelled are identified, the 

first step consists in the definition of the single components of each sub-system. In this phase, 

the numerical models of the components are selected from the existing libraries; if not present, 

a new numerical model is developed. After that, the single component is validated through 

manufacturer’s datasheet or lab tests. In the second step, the components of a sub-system 

are gathered together and an internal control that reproduces the functioning of the single sub-

system is developed and implemented. In addition to this, the components are appropriately 

sized for the specific system and control variable and set points are set. The third step 

concerns the clustering of the single subdecks in the same deck file. In this phase, the control 

rules that regulate the whole system are developed and implemented. 

 

Figure 4 - Steps for the IME definition 

Table 1 describes the three levels that compose the IME and the steps to be followed for 

developing each level. 

 

 

- +

SUB-SYSTEM LEVEL

COMPONENT LEVEL

SYSTEM LEVEL
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Table 1 – Steps to be followed when working with the IME 

LEVEL ACTIONS 

COMPONENT LEVEL - Numerical model from existing library or code 
implementation 

- Model calibration/validation 

SUB-SYSTEM LEVEL - Equipment sizing 
- Control variables and set points definition 
- Sub-system control implementation 

SYSTEM LEVEL - Sub-systems connection 
- Control variables and set points definition 
- Main control implementation 

 

2. Sub-systems modelling 

In the following paragraphs, the subdecks developed within the CommONEnergy project are 

presented. For the sake of clarity, the studied technologies are divided into envelope and active 

solutions. All those building improvements referred to the envelope are included into the former 

group, while the ones that aims at improving the systems performance and, therefore, at 

reducing the energy consumption, are gathered into the active solutions.   

2.1. Envelope solutions –subdecks 

Within the CommONEnergy project, different solutions that aim at reducing the energy demand 

of the shopping mall have been developed. In particular, they are: 

- Climate adaptive façade; 

- Daylighting; 

- Ventilative cooling; 

- Green wall; 

- Multifunctional coatings; 

- Thermal acoustic panel. 

The three first solutions act on reducing internal or solar gains and exploiting external 

conditions. The climate adaptive façade consists of a glazed façade with openings and 

shadings. The opening level or the shading slope is defined by a control. In the IME, this 

solution is included in the type of the building itself while daylighting, and consequently 

shadings, and natural ventilation are modelled separately.  

For studying the daylighting, a specific type has been developed where the effect of solar gains 

in the building demands are considered and, therefore, the shading ratio is decided [3] and 

[12]. Natural ventilation is modelled by TRNFLOW, a TRNSYS plug-in that allows to couple 

the building thermal zones to an airflow network model. Thanks to this coupling, the effect of 

ventilative cooling is considered in the building energy balance. 
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Within the CommONEnergy project, a type for modelling the green wall behaviour has been 

also developed [21], whereas the multifunctional coating has been considered with the external 

walls reflectance. Finally, the contribution of the thermal acoustic panel has been considered 

in the wall thermal transmittance. 

Figure 5 shows a sketch of a BUI subdeck with implemented the building energy model, natural 

ventilation strategies, internal gains, boundary conditions, green integration and the interfaces 

with the other subdecks. 

 

 

Figure 5 - Sketch of the BUI subdeck 

 

2.1.1. Building energy model 

When translating real building geometry into an energy model, simplifications are needed. 

From a thermodynamic point of view, the building model has to maintain a correspondence 

with the real case in terms of surface area, orientation, opaque and glass surface and wall 

construction. In this way, the assessment of heat transfer through the surfaces and solar gains 

INTERFACES 
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is more reliable. As a consequence, it is not important to maintain exactly the same geometry, 

but some simplifications can be implemented [5].  

A few simple criteria have been followed for the zoning of an energy model, in order to ensure 

an accurate representation of the actual systems, and also to meet all loads within the energy 

model: 

1. Usage: any room that is combined into a single thermal zone should have similar 

internal loads (people, lights, equipment) and usage schedules.  

2. Thermostat: any room that is combined into a single thermal zone should have same 

heating and cooling setpoints and same thermostat schedules. 

3. Solar gains: any room that is combined into a single thermal zone should have similar 

solar gains. Modellers should consider shading when zoning according to solar 

exposure. For perimeter zones with glazing openings, there should be at least one 

thermal zone for each façade orientation. 

4. Perimeter areas: perimeter areas should be zoned separately from interior spaces, 

with a depth of perimeter zoning typically within 3 and 5 meters from the exterior wall. 

This is important as the heating and cooling requirements can vary greatly. 

5. Distribution system: since the entire zone will be assigned to one system type, 

modellers should only combine rooms that will be served by the same type of HVAC 

system. 

6. Linkages: linkages represent flow resistances. Combining zones connected through 

openings involved in the defined airflow path causes an overestimation of the 

ventilation rates as the flow resistances due to those openings are not taken into 

account. 

7. Thermal stratification: in thermal zones with ceiling height higher than standard floor 

(3 to 4 m), height temperature differences between the bottom and the top of the zone 

can occur and are potential drivers for stack driven natural ventilation. To allow 

ventilative cooling scenarios modelling thermal stratification should be represented 

setting multiple thermal air nodes.  

The thermal zoning must be defined considering that the simulation models have not only the 

aim to assess the whole building performance, from both energy and comfort point of view, but 

also they will support design and operation phases. For this reason, zoning should follow same 

zoning used for the HVAC systems, lighting, control system and refrigeration system. 

 

2.1.2. Daylighting 

In its standard configuration, TRNSYS is not able to perform daylighting simulation. For this 

reason an ad hoc type has been developed [12]. Called ‘TypeDLT’, the new component allows 

to perform integrated energy and daylighting simulations. This approach gives the maximum 

flexibility in the setting of a shading control strategy, since it is possible to test custom control 

algorithm taking into account all the main aspects of a sustainable design: energy saving, 

thermal and visual comfort.  
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Figure 6. Overview of the simulation input and output which can be generated by the new “TypeDLT” 

component. 

The TypeDLT receives the following inputs from the weather file: 

- Latitude and longitude 

- Month, day of the month, hour of the day 

- Direct normal illuminance 

- Diffuse horizontal illuminance 

The type is therefore able to estimate the internal illuminance level in order to, possibly, 

activate the artificial lighting.  

With the simulations outputs, it is possible to evaluate the hourly artificial lighting usage to pass 

to the Building type as internal heat gain and define a control strategy based on both visual 

and thermal comfort. The information on the current shading state is passed at each time step 

to the Building type in order to perform the thermal simulation with the same shading state.  

 

2.1.3. Green wall 

The behaviour of the green wall has been modelled with an ad hoc type. The numerical model 

calculates the radiative heat rates delivered to the wall from the external side and the 

convective heat transfer coefficient in the outer side of the external wall. These values are used 

as input to the external wall of the building model.  

The numerical model has been validated against some experimental data. The mathematical 

model requires as inputs the surface temperatures of the wall with vegetation and of the bare 

wall, while as outputs, the type reports the heat exchanged through the wall with vegetation, 

through the bare wall and the heat convective coefficient of the wall. For more details, please 

refer to the CommONEnergy deliverable D3.5 [21]. 
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2.1.4. Multifunctional coatings 

The multifunctional coatings are modelled as a specific wall solar absorptance. According to 

the equation used for the solar wall gains in the TRNSYS software, the solar reflectance of 

surfaces can be assumed to be constant during daylight at every angle of incidence of beam 

solar radiation. The mentioned equation is the following: 

𝑄𝑠𝑜𝑙 = 𝛼 (𝑓𝑖𝐼𝑏𝑒𝑎𝑚 + 𝐹𝐴−𝑆𝐼𝑑𝑖𝑓𝑓,𝑠𝑘𝑦 + 𝐹𝐴−𝐺𝐼𝑑𝑖𝑓𝑓,𝑔𝑟𝑑) 

where  

α  = solar absorptance coefficient 

ρ  = solar reflectance coefficient 

I_beam = beam radiation incident on the wall surface 

I_(diff,sky) = sky diffuse radiation incident on the wall surface 

I_(diff,grd) = ground reflected diffuse radiation incident on the wall surface 

f_i  = fraction of the surface irradiated by beam radiation 

F_(A-S) = surface view factor to sky 

F_(A-G) = surface view factor to ground 

 

Based on the solar spectral data provided by the coatings manufacturer, the solar reflectance 

of surfaces is calculated. The details of the calculation are reported the deliverable D3.6 [22]. 

 

2.2. Active solutions –subdecks 

For allowing the simulation of the whole system of building + HVAC + R + L + RES + S, not 

only the solutions developed within the CommONEnergy project, but also the other systems 

have been developed through the IME.  

In the following paragraphs, all the systems used in the project are described while more details 

on the specific solution can be found in the reference deliverable. 

The modelled sub-systems whose configuration and control strategies aim at reducing the 

energy consumption of the overall shopping mall are: 

- Artificial lighting; 

- Electric storage; 

- Refrigeration system; 

- Solar thermal system; 

- Electric mobility. 

𝛼 = 𝜌 − 1  
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Artificial lighting is modelled as an internal gain whose amount varies according to the lighting 

intensity. Accordingly, electric consumption is accounted for. Activation, electric consumption 

and thermal gains are defined following some control rules that are explained in D4.2 [16]. 

The electric storage system uses existing types from the standard and TESS TRNSYS 

libraries. The added value of the developed solution is the definition of control strategies and 

the implementation into shopping malls case, both in simulation and in the real case. 

Before the starting of the CommONEnergy project, no cool cabinets, cold rooms or booster 

cycles were available in the already existing TRNSYS libraries. Within the project, ad hoc types 

for refrigeration systems have been developed. 

HVAC and solar thermal systems are modelled using existing Types. The studied control rules, 

which connect HVAC and solar systems to refrigeration, ventilation and shading systems, are 

described in the deliverable D4.2 [16]. 

As the electric mobility involves the shopping malls as a part of the surrounding 

neighbourhoods and grids, it is not included in the IME, but studied with other tools (see 

CommONEnergy deliverables D4.5 [18] and D4.11 [20]). 

The details on the systems’ controls strategies can be found in D4.2 [16]. Here following a 

description of each sub-system model is reported. 

 

2.2.1. Artificial lighting 

Artificial lighting in the project refers to lamps with high efficiency and variable intensity and 

colour. Consequently, the model of the artificial lighting consists of a thermal internal gain and 

electric consumption depending on the control strategy implemented. 

The control strategies that regulate the light intensity and colour are described in D4.2 [16] and 

D4.8 [19]. 

The concept behind the developed strategies is the reduction of energy consumption due to 

lighting through: 

 the use of LED luminaires, lamp type with high efficacy in terms of lumen/W, high 
lifetime expectancy and dimmable; 

 the reduced general light intensity, according to the standards and regulations, tailored 
to the application;  

 the combination of lighting with low intensity together with punctual spots of high 
intensity; 

 the dimmable intensity according to daylight condition. 

 

2.2.2. Electric storage 

The electric storage system is modelled using the TRNSYS standard Types under Electrical 

and Hydrogen Systems library. Two different subdecks are implemented. The first can work 

only with electric battery storage. The battery is charged and discharged through a suitable 
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regulator, which gives priority to load supply and store the overproduced power. There is the 

possibility to change priority in the regulator charging battery before to send the power to the 

load (see Figure 7).  

For modelling PV panels, Type 194 is used; for the inverter/regulator Type 48b and for the 

battery Type 47b.  

 

 

 

Figure 7 Sketch of the electric storage solution with PV panels and batteries 

The second subdeck uses also the hydrogen tank to store energy and the fuel cell (Figure 8). 

The power generation coming from the photovoltaic system and the load profile is given by the 

measured or simulated shopping mall energy consumptions. The subdeck allows us to 

simulate different size of photovoltaic field and different size for the storage systems. Beyond 

the logics implemented in the TRNSYS types, some additional conditions are developed and 

implemented in the subdeck’s control rules described in the deliverables D4.2 [16]. 

In the subdeck, the electrolyzer is modelled with the Type 160a, the H2 tank with Type 164b 

and the power conditioner with Type 175a. 
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Figure 8 Sketch of the electric storage system with the hydrogen tank and fuel cell 

 

2.2.3. Refrigeration system 

Starting from the single cold cabinet, a cascade system and a booster refrigeration cycle have 

been developed and validated with measured data provided by the technology partner [13]. 

 

Booster Refrigeration Cycle 

The subdeck Commercial Refrigeration Unit (CRU) reproduces a Booster Refrigeration Cycle 

which uses CO2 as refrigerant fluid. The CRU can supply refrigerated display cabinets and 

cold rooms with two operating temperature levels, i.e. Low Temperature (LT) and Medium 

Temperature (MT) for frozen food and chilled food storage respectively. Such users are 

identified in Figure 9 as “Low Temperature Load (LTL)” and “Medium Temperature Load 

(MTL)”.  

The possibility to take advantage of potential energy savings is offered, by means of an 

“Internal Heat Exchanger (IHX)” which subcools the high pressure gas or liquid at the expense 

of superheating the low pressure vapour at the inlet of the compressor. In most cases this 

operating mode allows to achieve a better performance of the system. 
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Figure 9 - Layout of the booster refrigeration cycle 

 

Cascade Refrigeration Cycle 

The subdeck of the cascade refrigeration cycle reproduces the scheme of Figure 10. A heat 

exchanger is provided at the high pressure side, before the condenser/gas cooler, to exploit 

some heat recovery in favour of other systems. 

In the cascade configuration, two refrigerating cycles are considered, one for each temperature 

level. The refrigerating units supply not only Refrigerated Display Cabinets (RDCs), but also 

Cold Rooms (CR). Such uses are identified in Figure 10 as “Low Temperature Cabinets (LTC)” 

and “Medium Temperature Cabinets (MTC)”. 

The LT refrigerating cycle used to supply LTC is a typical basic refrigerating cycle. The only 

inputs for the LTC are the evaporating temperature LT and the refrigerating power to be 

supplied. 

The heat of condensation from the LT system is rejected to the MT system through a 

condenser/evaporator heat exchanger, where the LT refrigerant condensates and the MT 

refrigerant evaporates. It should be noted that the two refrigerants can be different.  

At the same time, the MT system supplies the Medium Temperature Cabinets (MTC), i.e. all 

chilled food storage and display units operating at the Medium Temperature. Again, the only 

inputs from the MTC are the evaporating temperature MT and the refrigerating power to be 

supplied. 

Also the MT system can take advantage of an “Internal Heat Exchanger (IHX)”. Compression 

is operated by means of a Compressor Rack, and finally the heat of condensation is rejected 

to air by means of an air cooled condenser. The indoor air temperature is required as an input, 
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so as to define the condensing pressure. If the case, heat of condensation can be recovered 

and transferred to other fluids (air or liquids), whose temperature is required as an input. 

Both the LT and MT systems can operate with various refrigerants, here included carbon 

dioxide (CO2). When CO2 is considered at the MT stage, a transcritical cycle is likely to occur 

especially in mild climate conditions.  

 

 

Figure 10 - Layout of the cascade refrigeration cycle 
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2.2.4. HVAC system 

An HVAC system model is not developed within this project, but Types from existing libraries 

are used to simulate its behaviour. This paragraph reports the used model for an Air Handling 

Unit (AHU) that is the outcome of gathered Types and control rules. 

The numerical model represents a generic case and includes the most common devices of an 

AHU; through a flag in the Control Cards, the devices not needed can be ignored during the 

simulation run. 

A scheme of the modelled AHU is reported in Figure 11. 

 

Figure 11 Scheme of the AHU subdeck components 

This subdeck allows to model an Air Handling Unit which includes a damper used to modulate 

the incoming air; an electrical heater to pre-heat external air when the outside temperature is 

below 0°C; a heat recovery (both sensible and latent) to pre-heat or pre-cool external air 

exchanging heat with internal air; a diverter valve to mix fresh and exhaust air within allowed 

ranges of air-change rates; a supply and a return fan to blow, respectively, air into the zone 

and into the heat recovery. The air conditioning is driven by pre-heating coil, humidifier and 

heating coil during the winter season and cooling coil (with dehumidification) and post-heating 

coil during the summer season. 

An internal control defines the activation of each component based on the user’s preferences 

and general working conditions. The modulation of the supply fan and the damper is defined 

by the Main Control of the whole energy system (therefore it is an input for the subdeck). 

Figure 12 reports the components of the AHU subdeck in the TRNSYS Studio model.  
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Figure 12 Representation of the AHU subdeck in TRNSYS Studio 

 

2.3. Control strategies 

The control system is part of the IME and it is organized in such a way that it can be directly 

implemented in a Building Management System. Control strategies are organized in two levels: 

- INTERNAL CONTROL developed at subdeck level; it is referred to a specific 

technology without interactions with the rest of the system. It is implemented to 

reproduce the real behaviour of the component or subsystem; 

- MAIN CONTROL is a higher level control and regulates the orchestration of the building 

as a whole energy system, including both active and envelope solutions. This 

corresponds to the control that will be implemented in the building management 

system. 

The internal control is strictly referred to the subsystem functioning. It is implemented, in fact, 

only to reproduce the real operating condition of a technology. For example, an internal control 

is present in the AHU subdeck to regulate the activation of the pre-heater to avoid anti-freezing, 

or the full opening of the damper in case of excessive quantity of CO2 in the zones, or the 

humidifier in case of low humidity levels. An internal control is also present in the ground-to-

water heat pump system to regulate the pump of the source side from the heat pump to the 

ground heat exchangers. Also in subdecks like the “Stand-alone PV system” or the “Thermal 

cascade”, an internal control regulates the activation of the single components. 

Besides, a main control (MC) acts over the single technologies and manages all the single 

subdecks and their interactions. The MC establishes priorities, modulations and control signals 

of the different devices taking into account the system as a whole. It corresponds to the whole 

building management unit (iBEMS in CommONEnergy project, as described in the deliverable 

D4.3 [17]) that is installed in the real case. All the sensors are connected to the MC, both 

monitoring HVAC and lighting systems, and envelope components.  

The MC is structured into four levels. Each control level is the combination of some condition 

of the previous levels. 
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Hysteresis: these are the conditions to be verified (achievement of set temperature, level of 

solar radiation, opening of the shopping centre, …). They are Boolean values and can be either 

hysteresis (i.e. on-off controls depending on the history of the variable status) or schedules. 

Schemes: these correspond to the working conditions and are the combination of one or more 

hysteresis. A scheme represents a working mode that activates some components. Schemes 

also are Boolean values. 

Modulations: these defines valves opening, pumps or fans speed, number of operating heat 

pumps or working modes. Modulations are referred to a specific scheme or working conditions.  

Control signals: these are the combination of schemes and modulations. In particular, a 

control signal is defined by one or more Schemes, where required, a scheme can be coupled 

with a modulation. 

 

 

Figure 13 – Structure of the control system 

 

For a better understanding of the control rules structure, in the following paragraph it is reported 

an example. In particular, it is explained how the control signal for the valve of the cooling coil 

in the AHU is generated; same methodology is applied for all the control signals. 

 

The control signal to the valve is the following: 

 

CONTROL SIGNAL  SCHEME  MODULATION 

VALVECS = AND(SC10 , Modcool) 

  

The scheme SC10 represents the work conditions in which the valve is open, whereas the 

modulation Modcool indicates the opening level of the valve. 

 

Going more in depth, the modulation is defined as follows: 
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MODULATION  SCHEME 

Modcool = MAX(MIN((Tzone-Tsetmin_C)/( Tsetmax_C - Tsetmin_C),1),0) 

 

Where: 

Tzone  is the zone temperature 

Tsetmin_Cis the minimum set temperature for cooling 

Tsetmax_C  is the maximum set temperature for cooling 

 

The two set temperatures are used for regulating the internal temperature depending on the 

external temperature. 

 

Regarding the scheme, SC10 is activated when in the zones there is cooling demand, that is 

when the internal temperature is above the set point. In order to avoid continuous on-off, the 

condition is defined by hysteresis where a deadband of 0.5 °C is set.  

 

MODULATION  OCCUPATION period  NON OCCUPATION period 

SC10 = OR(AND(A,M) , AND(NOT(A)*N)) 

 

The scheme is composed by a term that refers to the occupation hours and another to the non-

occupation hours. The combination of hysteresis gives the scheme activation. 

In particular: 

A is the schedule for the occupation hours 

M is the hysteresis that indicates when the internal temperature during the occupation hours 

is above the set-point temperature 

NOT(A) refers to the non-occupation hours 

N is the hysteresis that indicates when the internal temperature during the non-occupation 

hours is above the set-back temperature. 

 

2.4. Output 

The developed IME is able to give information on the building internal conditions (temperature 

and relative humidity), external weather conditions, sub-systems (HVAC, refrigeration, lighting, 

PV…) components status, consumption and position, renewable energy production. Starting 
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from these outputs, different indicators can be calculated: comfort, energy, environmental and 

economic indicators. 

In order to homogenize the outputs obtained with the models of different cases, common excel-

based work sheets and graphs have been developed. In particular, in the following a list of the 

metrics taken into account for the assessment of building behaviour and energy system 

performance is presented:  

 % of discomfort hours considering the occupied hours; 

 energy balance: losses-gains in different season for the whole building and for final 

uses; 

 energy consumption by final uses, final energy and primary energy; 

 efficiencies/performance of the specific system; 

 production of RES and amount of self-consumption. 

Figure 14 to Figure 17 show examples of generated charts, referred to the above outputs 

coming from simulations. These figures are referred to the baseline model of the reference 

building “Katané”, in Catania/Italy. 

 

Figure 14 – Number of hours when indoor temperature conditions are within the adaptive comfort model 

categories (EN 15251) – one building zone of the Reference case Katané.  
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Figure 15 – Yearly energy balance for zone function – Katané reference case 

 

Figure 16 – Monthly energy balance for the whole building – Katané reference case 
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Figure 17 – Electricity consumption per zone typology – Reference case Katané 
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3. Conclusions 

 

When retrofitting a shopping centre, the decision process needs to have a comprehensive 
approach considering the initial conditions of the building, its location and needs. In this sense, 
the benefits in terms of energy savings, indoor environmental quality, sustainability and 
economic feasibility are maximized.  

Improvements on equipment or building loads influence also other parts of the entire shopping 
mall system. These interactions are usually neglected with the risk of accounting twice for the 
same effect or disregarding other phenomena. To this aim, appropriate tools are needed 
although with the most common or simplified tools it is usually not an easy task. In order to 
achieve energy efficiency improvement, functionality and comfort of shopping malls (with 
influence on each other to some extent), three aspects must be simultaneously considered 
during the retrofitting design: i) the location and climate; ii) the architecture; iii) the selection 
and control of HVAC, Lighting, Refrigeration, RES and Storage (HVAC+L+R+RES+S) 
systems.  

The choice of the analysis tool is based on its application, the quality and degree of detail of 
inputs and outputs. In the case of a shopping mall, the importance of a numerical model for 
the building and the active systems lies in the possibility of: 

- assessing building behaviour and system performances; 

- studying indoor comfort; 

- developing and testing a comprehensive control strategy able to manage the whole 

system. 

In addition to this, a numerical model which includes all the parts of the shopping mall allows 

comparing monitored data with the simulated ones. Possible inconsistencies with the assessed 

behaviour can therefore be individuated and malfunctioning corrected.  

The aim of the IME is to ease and manage the modelling of complex systems as shopping 

malls. Moreover, the IME includes envelope and active parts of the entire system in a way to 

study the possible interaction that a sub-system has on the whole building performance. Due 

to the variability of the single cases, the structure of the IME is modular in order to adapt the 

specific case to a general layout. In this way, it is also possible to implement different scenarios 

and run parametric analysis in order to help the decision maker on the choice of the system 

configuration to be implemented and the designer on the equipment size. 

The control system implemented in the IME receives information from the single sub-systems 

and gives commands to the equipment (unless general rules that have to be respected). In this 

way, the IME becomes also a test bench for the control rules, both before the implementation 

and during building operation phase. The system performance can be compared to the 

assessment and, in case of malfunctioning, the intervention on the specific system is eased. 

This functionality is useful to the energy manager for the operation and maintenance of the 

shopping mall. 
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