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Abstract: Over the last years, industrial companies have started to use simulation software to evaluate their energy 
performance. Today, the main researchers are focusing on the process energy consumption, but there is a lack in the 
indirect energy optimization such as ventilation and heating and a lack in the use of the simulation results as a 
practical feedback for energy manager. The focus of this paper is the study and the development of an approach 
based on the industrial environment simulation to optimize the thermal energy consumption related to the heating 
industrial building. To validate the proposed approach a test in a real industrial case is conducted. 
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1. Introduction  

Industrial energy consumption is one of the most 

important issue in many countries. The increasing pressure 

on energy efficiency, energy costs reduction and 

environmental impacts minimisation, are leading 

manufacturers to adopt solutions to develop methods and 

tools able to achieve these issues. In many cases energy 

efficiency is related only in the production process 

perspective. However within the industries there are 

several energy flows indirectly related to the production 

process, such as ventilation, heating, cooling, and use of 

compressed air, that contribute significantly to the global 

energy consumption.  

The aim of this paper is to face this problem, using 

industrial environment simulation to evaluate in particular 

the criticalities of the thermal energy required during the 

winter period. Even though heating is required only in 

some months of the year, its environmental and economic 

impacts are not negligible and increase with industry 

dimensions. Therefore in this paper, a method evaluate 

heating performance is developed through industrial 

environment simulation, to give feedback to energy 

manager to improve the heating management system. The 

paper is organised as follow: in the first part the industrial 

energy efficiency issue is presented and methods and tools 

developed to evaluate indirect energy consumption are 

considered, the second part shows the methodology 

proposed, in the third part, the method is tested in a real 

case study, both to validate the model and to obtain 

quantitative feedback that energy manager will use to  

reduce the heating energy consumption . 

 

2. State of the art 

In the last years, the growing interest on environmental 

and economic issues has involved re-design of industrial 

processes, promoting the development and the 

advancement of the Sustainable Manufacturing concept. 

In this context, many studies and researches are 

conducted, some of these are focused on the development 

of methods and tools able to monitor and control 

industrial processes to optimize the energy consumption, 

with the aim to decrease  environmental and economic 

impacts (Marilungo et al., 2013). Other authors focus their 

researches on the sustainability assessment of discrete part 

manufacturing processes through the definition of several 

indicators (Linkea et al., 2013). However, when the first 

aim is the evaluation of the direct energy involved in an 

industrial process, the energy consumption reduction is a 

central issue (GRI, 2006; Bi and Lihui, 2013). But in 

industries,  energy can be classified in  direct and  indirect 

consumption (Rahimifard et al., 2010), and over the last 

decade, research attention has shifted towards the 

optimization also of indirect energy source, as a means to 

apply the sustainable manufacturing principles. This 

attention increased even  more,  when a careful 

observation on the energy consumption of public and 

residential buildings in China, U.S.A. and Korea shown 

that buildings are the main energy consumption source 

(about the 60%)(Song et al., 2007; U.S. Energy 

Information Administration, 2010) and BEMS (Building 

Energy Management System) represents one of the most 

important method to save energy. This result has been 

translated into the industrial context, where the attention 

has moved to the recognition of the energy that support 

the process during its exploitation and how this energy is 

managed and optimized. Industrial buildings provide one 

of the greatest potential to reduce energy consumption 

(Katunsky, 2013).  To pursue this issue, several studies 

have been developed; for instance,  Crawley et al. (2011) 

highlighted the functionalities of an energy simulation tool 

to show the heat and mass energy flows throughout a 

building. Other researchers have tested the same tool and 
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other tools, to simulate the thermal behaviour of a room 

(Buratti et al., 2013). Commonly, the result of these studies 

is the analysis and the assessment of a building or a testing 

room, to evaluate and quantify thermal comfort indexes 

and energy demand, but there is not any energy 

optimization strategy, to reduce this consumption. 

Other studies have focused their attention on the 

optimization issue; for example, Torrens et al. (2011) 

proposed a multi-criteria optimization method to support 

energy managers in the new building realisation to 

decrease the energy consumption. An interesting research 

has been conducted by Djuric et al. (2008), regarding the 

simulation of a hydronic heating system to minimise the 

energy consumption and to optimise the indoor air 

temperature. The methodology used by the authors is the 

BEMS, to individuate the main faults. Clarke et al. (2002) 

has conducted a study to test the feasibility of using 

simulation results to enhance the control capabilities of 

BEMS. 

Finally, other studies are related to the effects of the 

indirect energy consumption and are focused on the 

recognition of the technology needed to monitor and 

control the building and its energy flows. In this context, 

an innovative study is related to the implementation of 

BEMS through the a wireless sensors networks, defining a 

new standard, i.e. the CBEMS (Cyber-physical Building 

Energy Management System). The methodology used is 

the multi-agent distributed control, to optimise the target 

value of air-conditioning, lighting and official electrical 

devices (Wang et al., 2011). Moreover, Kima et al. (2012) 

proposed in their study two types of automatic sensors 

arrangement system for building energy and 

environmental management. Schwartz and Raslan, (2013) 

realised a comparative analysis to examine the extent of 

the variation in the results produced by the most widely 

used BPS (Building Performance System) tools. 

As demonstrated by these mentioned studies and 

researches, the main focus in the industrial research is  

related to the optimisation of direct energy consumption; 

while the studies of indirect energy optimisation are 

mostly related to the commercial buildings, but there is a 

lack in the industrial buildings management to minimise 

the indirect energy consumption.  To face this issue, the 

paper proposes a method to examine the thermal energy 

consumption with the use of industrial environment 

simulation.  

 

3. Methodology  

Nowadays, in the industrial sector, the concept of  

energy efficiency involves the factory as a whole, hence, 

the building cannot be considered any more a black box in 

which some flows are statics and negligible,  but dynamic 

parts that can be improved through the use of a dedicated 

methodology and customised tools. This work aims to 

develop a methodology to evaluate the criticalities related 

the plant heating system and to give qualitative and 

quantitative feedbacks to improve the heating 

performance in a global way, trough an optimisation of the 

heating management system. The idea is to optimize the 

heating process from a management perspective, 

minimising structural interventions. In particular in this 

study, the thermal energy required for heating the building 

is considered as a part of the energy required by the 

factory to realise a unit of product and as a consequence, 

this energy consumption must be minimised. In this view 

the simulation has been conducted, considering the 

parameters related to the heating infrastructure and the 

boundary conditions. 

First of all, to a have a general vision of the problem it 

is important to evaluate the energy consumption, this data 

can be obtained by invoices and Pareto diagram, to have a 

picture of the energy consumed within the plant. 

Therefore, the first step is the evaluation of all the physical 

flows involved in the building, and the second step is 

quantifying these flows, with the goal of defining an 

energy mapping (related to the thermal energy in this 

case).  At this point it is possible to define the building 

geometric model and then, connecting it with non-

geometric-parameters, such as walls thermal conductivity, 

type of doors and type of glass surfaces. 

To obtain a truly result, it is important to define and 

quantify the boundary conditions, the related data 

collection can be done also in parallel with the  actions 

previously cited. The more the parameters are collected, 

the more the simulation results are exploitable to develop 

corrective measures to improve the energy efficiency of  

the as-is condition. On the basis of the foregoing concepts, 

the industry environment modelling is the core of the 

study proposed. In this phase it is essential defining all the 

functional parameters necessaries to run the simulation, to 

have results actually implementable. These parameters are 

characterised by: 

 Geometric-plant definitions in terms of volume, 

height of walls and doors and  area of glass surfaces 

 Non-geometric-plant definitions (using the 

parameters previously mentioned). These data, 

associated with the first ones, are very important to 

define the building thermal inertia, that influences the 

heating on/off switching time 

 Plant position, in terms of geographic coordinate and 

orientation 

 Maximum thermal energy required by the heating 

system,  rated power of the units heat and historical 

data related to the worst operating conditions  

 Thermal energy sources present in the plant (furnaces, 

dryers and all those systems that release heat)  

 Type and layout of the heating infrastructure, as well 

as the type of control (on/off, modulate with plc or 

PID controller, etc.) 

 Comfort condition, according to standards and plant 

operation time, in which workers are presented inside 

the building 

 Evaluation of the thermal flow, coming from the 

thermal power plant and evaluation of the possibility 

to reuse the waste of heat. 
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Previously the “worst operating conditions” are cited, 

in this view there are two different situations; one is 

related to the coldest days, because in this case there is the 

maximum energy consumption, while the second 

condition is related to intermediate days, when external 

conditions vary significantly during the day and the 

thermal management of the zones is critical (risks of  

energy waste) 

Once these data are collected and evaluated in a 

qualitative and quantitative manner, there are the following 

steps to perform, to obtain useful results: 

 Simulation of the industrial environment and the 

related thermal flows accordingly to the boundary 

conditions  

 Evaluation of the results and evaluation of the 

possible criticalities 

 Definition of a proper thermal flows management 

procedure 

 Realisation of a customized scheduling of the thermal 

management system 

 Model refinement on the basis of the experimental 

tests  

 

Figure 1:. The main steps followed in the proposed 

methodology 

 

In Fig.1 the main steps of this methodology are 

summarized. The outputs coming from the simulations are 

used as feedback for the plant energy manager. Results can 

be exploited to compare the as-is condition with the 

theoretical and optimal thermal system use conditions.  

On the basis of the aforementioned points, the 

proposed study has the aim to develop the thermodynamic 

model of the building and the definition of a proper 

thermal flow management to guarantee both energy 

consumption minimisation and correct comfort conditions 

for employees within the plant. 

 

4. Case study  

The methodology proposed has been tested in a real 

industrial plant that consumes methane for the heating 

phase. The heating system is not optimized and through 

the implementation of this methodology the energy 

manager would like to define and quantify the gap 

between the as-is condition and the future improved 

condition based on the simulation feedback.  

The industry plant is located in the north-centre of Italy 

and it has a covered area of about 43.670 m2, with a 

related volume of  349.358 m3.  The heating system and 

the on/off procedure scheduling is demanded to a 

specialised employee. There are different problems related 

to a correct energy management procedure, based on 

internal and external parameters, different thermal flows 

involved in the zones, building envelop inertia and heating 

system inertia. Currently it is very difficult to keep under 

control the internal temperature, guarantying at the same 

time the minimum energy consumption. The thermal 

flows come from a boiler with a modulate power and from 

the CHP plants. 

One of the problem highlighted in the plant, it is the 

presence of thermal zones characterized by a great 

difference in temperature due to the centralized system of 

thermal management. For example, while the oven zone is 

around 23 °C, the assembly lines could be  under 18 °C, 

simultaneously. Therefore, in the industrial plant there can 

be on one hand  situations of energy inefficiencies, 

(temperature too high) and on the other hand situations of 

uncomfortable conditions.  To tackle the aforementioned 

problems, a virtual industrial environment has been 

realized considering plant geometry and layout, 

transmittance indices, unit heaters layout, process ovens, 

thermal power plant and CHP, emissions to air related to 

the ventilation and suction systems. Because the plant is 

not subdivided internally, to consider the plant and to 

model it as a sum of  functional area, the volume is 

subdivided with fictitious walls made of air, with a 

thickness of 1millimeter. Among the boundary conditions, 

for the climate conditions are considered 2012 data; 

external temperature(with hourly intervals), solar radiation 

(diffuse and direct radiation), relative humidity, wind speed 

and direction are scheduled.  

As reported in Figure 2, the plant is subdivide in 5 

zones: 

1. Molds and presses 

2. Vitrification ovens  

3. First assembly  

4. Second assembly  

5. Ovens 

 

For each zone are defined: 

 Thermal power available (rated power of the unit 

heaters and thermal contribution of the ovens) 

 Air exchange (air infiltration and certified air 

emissions in atmosphere) 
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The most critical zones are the First and Second 

assembly, because there is not  any surplus of thermal 

energy related to ovens/vitrification ovens and  there is 

the highest density of employees. 

Figure 2: Layout of the plant and subdivision of the 

working areas in 5 functional zones, each green box 

represents a zone, the red lines and spots represent the 

heating system infrastructure 

 

The subdivision in 5 zone has been done with respect 

to the actual layout of the aerotherms and their control 

system, in fact the unit heaters are governed by 4 electrical 

panels, one for each zone. In Table 1, the main 

characteristics of these zones are reported. The ovens area 

is considered as a separated zone respect to the others, due 

to the high quantity of heat that diffuses inside the plant. 

Therefore,  in a the model developed, this area is 

considered simply as a zone that emits  thermal energy to 

the surrounding areas. 

 

Table 1. Characteristics of the five zones  

Zone 
Volume 

[m3] 

Unit 

heaters 

number 

Max 

energy 

required 

[kWh] 

Ventilation 

air flow 

[m3/h] 

1 74.240 12 840 178.850 

2  78.336 13 910 89.280 

3  58.752 14 980 34.560 

4  137.088 50 3500 31.680 

5 942 1 70 66.240 

TOT 349.358 90 6.300 400.610 

 

The ovens operate from 6:00 AM to 8:00 PM, so in this 

period it is considered also the thermal flows coming from 

these ovens. Aerotherms use hot water at a temperature of 

80 °C, there are about 90 aerotherms inside the plant and 

each one has a power of 70 kW. The aerotherms operate 

in on/off condition. 

The boiler has a rated power of 3800 kW and it is 

modulate from the maximum power, to 1/6th of this one, 

through 9 steps of regulations. The thermal flow comes 

also from 4 CHPs, each of them has a thermal power of 

290 kW. The thermal energy of the first CHP is used as 

process heat from 5:00 AM to 8:00 PM, as a consequence, 

the maximum power available to heat the building is at 

most 4670 kW. 

The simulation has been developed for a period of 166 

days, from the 1st of November to the 15th of April, 

according to the industry working profile.  Industry works 

from Monday to Friday, and only for the working days the 

thermal energy is required. The simulation has been 

performed with a time step of 15 minutes. During the 

simulation there are some periods in which the thermal 

energy required by the plant is higher than the thermal 

energy that can be given by the heating power plant and 

CHP systems. Hence, in these cases a priority model has 

been developed, to define the order and the quantity of 

the thermal flow that can be provided for each zone, on 

the basis of energy required, workers crowding, presence 

of other heat sources (such as ovens). This is realized, 

including in the model a power distribution function. The 

simulations shows that in these cases the best choice in 

terms of energy saving, is to give the precedence first of all 

to zone 1 and 4 (because they are the most external zones) 

and only when these two zones arrive at 18 °C, to 

distribute the thermal energy to the other zones.  

Another important aspect to consider is the thermal 

inertia that is connected to the boundary conditions. The 

model is used also to evaluate how long before the thermal 

energy must be provided in each zone to obtain the 

desired conditions at the desired time. In Figure 3, a 

schematic representation of the work done during the 

development of the case study is reported. Inside the 

model, the energy optimisation is done considering two 

constraints, represented by the two levels of internal 

temperature, considered for each zone. The weather data 

are collected for the winter period on the basis of 

historical data for irradiance level on the basis of  regional 

basis facilities, wind speed and direction, relatively 

humidity, average barometric pressure, and rain 

precipitations. The minimum internal temperature is set to  

Fig. 3. The main steps realized in the case study to 

realize an on/off scheduling 
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18 °C (the minimum temperature acceptable in a work 

environment) and the maximum T is set to 19 °C with the 

aerotherms in on condition. In this context we have 

attempted  as far as  possible to reproduce the actual 

industrial environment  to have results that can be 

compared with the real data related to the thermal energy 

consumption required for the heating phase, to define and 

to verify the possible energy improvement given only with 

an optimal management strategy.  

But after this step, another simulation has been 

conducted to evaluate the possible thermal system 

improvement with structural actions. In fact, although the 

thermal system and the aerotherms are relative old, one of 

the aim of the case study is to assess how many benefits 

can still be obtained using the same infrastructure, before 

changing the entire heating system. The On/off switching 

profile has been developed both for the thermal power 

plant and for the CHP thermal flows for each day 

simulated. In this way, similar trends has been obtained 

further grouped, on the basis of the boundary conditions.  

At the end of the simulations some results has been 

obtained, such as the timetable profiles of the 5 zones 

related to: 

 Internal temperature 

 Heat power required  

 Energy consumed 

 

5. Results discussion 

Regarding  the energy consumption, emerges that 

comparing the real consumption for heating with the 

virtual consumption obtained with an optimal thermal 

energy flows management, there is a difference of 660 

MWh, with a saving of 16,5% respect to the heating 

energy consumption, with a monetary saving of 30.000 €, 

without any structural review. This result can be achieved 

managing in the optimal way the current heating system. 

Moreover, from the simulation modelled with a 

continuous and modulate control, emerges that the 

possible improvements in terms of energy saving is around 

-1.820 MWh, and hence with a benefit of 45% respect to 

the real consumption, with a monetary savings of 80.000 

€. Obviously this second scenario is not possible at the 

moment, because the aerotherms  operates in an on/off 

condition and to apply this technique it is necessary 

intervening in the hardware system, modifying the  

Figure 4: temperature trend of ZONE 1 

aerotherms operation (for example using  three-way 

valves or a PID controller). In Table 2 the main results 

produced by the two simulation are shown.  The Energy 

obtained as an output of the simulation developed, is 

related to the time trend of the power required by each 

zone for each day of the period simulated, in Fig. 5 the 

trend of the total energy consumption of the simulation is 

reported. The maximum thermal power required for each 

zone is used to determine the switching on/off profiles on 

the base of the external conditions (temperature and wind 

speed). In Figure 4 an example of the temperature trend of  

ZONE 1 is reported, it can be seen the tight regulation of 

temperature.  

 

Table 2. Main results of the simulations 

 

 

Figure 5: trend of the energy consumption during the 

simulation  

Figure 6: trend of the required power   
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As reported in Figure 6, this particular trend is due to 

the on/off profile of the heating system, there are a lot of 

discrete steps, this problem could be solved through 

structural interventions to the heating system already cited. 

 

6. Conclusions  

A method has been developed to manage the problem 

presented. The results obtained through the simulation are 

used by the energy manager to improve the heating 

performance. On the basis of these simulations, the 

factory is developing a new heating procedure and control. 

The results show that the heating system can have 

important improvement in energy efficiency, although it is 

relatively old. As reported before, we can have an 

improvement in the energy efficiency using the optimal 

management system coming from the simulation 

performed. However, important benefits can be obtained 

with relatively small structural interventions, combined 

with the management system suitably developed. This 

possible scenario at the moment is evaluated with a 

feasibility study conducted by the industry to evaluate in 

particular the Pay Back Period, of the investment.  Next 

steps are related to the improvement of the industry 

environment simulation to take into account both the 

ventilation system and the suction system, to evaluate the 

energy saving possibilities related to heat recovery system. 

Future works are related first to the study of  the transient 

phenomena that influence the thermal comfort and the 

energy consumption, second to the insertion of  other 

related flows, to evaluate the possibility of recovering heat 

from the chimneys. The last step will be the development 

of an integrated system of simulation that can 

communicate directly with the hardware infrastructure, to 

correct the data in real time in an iteratively manner, to 

reduce again this consumption, ensuring always the 

thermal comfort for employees.  
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