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Abstract. The present paper explores the energy performance and thermal comfort conditions of an existing 

industrial building in Durres, Albania.  The study analysis the building envelope retrofitting via building 

performance simulation.  Measurements of indoor air temperature in two zones of the building were 

conducted Two retrofit scenarios were applied to evaluate the potential for improvement. Detailed 

construction activity, weather information, and occupancy patterns were applied in modelling the facility. In 

addition, detailed interior loads were considered including the machines used, occupancy and lighting 

operation patterns. The results provide an objective assessment of the actual energy performance and indoor 

environmental performance of the selected industrial building. The scenarios incorporate the use of thermal 

insulation of the walls and the roof, as well as modifying the roof design while increasing the ventilation 

regime during the summer period.  The results suggest that improvements and insulations in building fabrics 

and ventilation regime could reduce the annual energy consumption up to 19 and reduce the monthly 

summer temperature up to 1.5 °C.  

1 Introduction   

The building construction and their operation contribute 

to a large proportion of total energy end-use worldwide 

[1, 2]. Existing buildings are consuming most of the 

energy in the building sector. As such, rapid enhancement 

of energy efficiency in existing buildings is crucial for 

the reduction of the energy use and promotion of 

environmental sustainability. The industrial buildings are 

consuming more than 25% of the total energy 

consumption in Europe [3]. Production facilities highly 

increase the energy use in buildings. Codes on energy 

performance evaluation by the national legislation needs 

to be strengthen [4], and the adoption of ISO 50001 

standard on energy management systems is being 

promoted.  

As such, thermal refurbishment and renovation of the 

building envelope is crucial to improve the overall energy 

consumption [5].  Building energy simulation (BES), are 

being applied in the early design stages to estimate the 

energy saving measures [6].   In a retrofit context, BES is 

used to simulate the existing condition of the buildings, 

serving as a baseline for potential simulated retrofit 

solutions, evaluate energy savings, and assess thermal 

comfort [7, 8, 9]. A significant amount of research 

investigated different energy efficiency retrofitting 

measures in order to improve energy performance of 

existing buildings [10] mainly in residential and public 

sector.  The results have showed that energy use in 

existing buildings can be reduced significantly through 

proper retrofitting or refurbishment [11, 12].   

Different authors have worked on the development and 

application of appropriate models and strategies for 

building performance assessment and diagnostics. [13] 

summarised three approaches to evaluating building 

energy performance, performance based approach and 

measurement-based approach with in situ measurement 

procedures. [14] explored an overview of the simulation 

models used for energy performance analysis of existing 

dwellings. [15] developed an application of model 

identification techniques for energy performance 

assessment of occupied buildings. [16] studied an easy-

to-use tool for fault detection and diagnosis of building 

air-conditioning systems.  

On the other hand, Industrial facilities are rarely studied 

under an energy retrofit measures [17], focusing on 

building envelope [18] or on installed technical building 

services when these are identified as inefficient, e.g. 

heating [19], ventilation [20]. Industrial heritage has also 

been studied under an energy retrofit perspective, 

however mostly concerning ex-industrial facilities and 

their transformation to other uses as housing or mixed-

use developments [21].  

2. Methodology  

The study explores the energy performance evaluation of 

a case study in Durres, Albania. The climate is mild, 

warm and temperate.  The temperature averages 15.9 °C.  

At an average temperature of 23.9 °C, August is the 

hottest month of the year. In January, the average 

temperature is 8.1 °C. METEONORM 7.0 [22], is used to 

provide the detailed hourly weather file. The annual 

energy consumption of the facility including heating and 

cooling is monthly calculated and aggregated on annual 

level.  In addition, the hourly indoor air temperature is 

calculated and aggregated on monthly level.  
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Assumptions of the internal gains due to manufacturing 

process are taken into consideration.  

2.1. The case study 

For the case study, an existing `single-story industrial 

facility located in Durres, Albania is selected (see figure 

1). The facility is operating in the sector of metal 

production and processing, categorized as light 

manufacturing industry. The building measures a gross 

floor area of about 20450 m2 and composed of five 

functional areas dedicated to a specific processes of the 

manufacturing activity (see Table 1 and Figures 2 to 3). 

The building is 13 m high, composed of steel structure.  

Both the walls and the roof are made of sandwich panels. 

The windows are placed only at the roof area.  

 

 

Fig. 1.  Setting Word’s margins. 

 

Table 1. Functional areas of the building 

Area  Function  Surface 

Area (m2) 

1 Row material warehouse  1390 

2 Production and manufacture  7710 

3 Final product warehouse  1050 

4 Offices  150 

5 Shop  150 

 

 

 

Fig. 2. Functional distribution of the building  

 

Fig. 3.  Frontal sketching of the building 

The building is oriented along the west-east axis. The 

space where most of the production occurs is a single 

extensive        m2 hall (Zone 02, Zone 03) spreading 

along the whole building, the rest are raw material 

warehouse, offices and shop areas.  The factory is not 

naturally ventilated, no mechanical cooling system is 

installed in the production area. Furthermore, there are 

neither building automation systems nor an energy 

management and monitoring system installed.  

2.2. Measurements  

Two sensors are placed in two different areas of the 

buildings (Sensor 1 in the Production and Manufacturing 

area and Sensor 2 in the office building, respectively). 

The indoor air temperatures (°C) are measured for seven 

days (10 April – 17 April, 2019). Figure 4 illustrates the 

registered temperatures in the two areas. As shown in the 

figures, the minimum temperature registered in the office 

area for a week is 17.5°C while the maximum 

temperature is 25.2°C. As for the production area, the 

minimum registered temperature is 12.3°C and the 

maximum temperature is 23.2°C. 

 

 

Fig. 4. Measured indoor air temperature (°C) in the office 

area (Zone 04) for seven days (10 April – 17 April, 2019) 

2.3. Simulation  

Simulations were conducted for the case study over a 

period of one year. The whole building is modelled to 

analyse its effects on the total energy performance. The 

collected geometry and the construction data are used to 

generate the base case simulation model. Assumptions 

are made based on site surveying, documentation, and 

questionnaires. Simulation assumptions regarding actual 

construction data are summarized in Table 2. Based 

gathered information, detailed thermal performance 

simulation models were generated via Design Builder 

software [23] (see figure 5). Input parameters used for the 
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simulation are based on the analysing the facility in terms 

of occupancy schedules, manufacturing operating times 

and building systems availability (lighting and heating).  

There is no adequate mechanical heating and cooling 

system. Table 2 illustrates the heating and cooling set up 

temperatures taken into consideration. 

Table 1. Actual building elements U-values 

Building  

elements 

U  value 

(W/m2 K) 

Description  

External wall  0.81 Sandwich panel (tin, 

polystyrene 4 cm +  tin) 

Roof  0.81 Sandwich panel (tin, 

polystyrene 4 cm +  tin) 

Glazing Area  5.3 Single Glazing (6 mm) 

Ground floor  0.56 Reinforced concrete (25 cm) , 

EPS insulation (10 cm), 

screed (7 cm) 

Table 2. Temperature set-points  

Temperature set point  Value  

Heating set-point factory (°C) 18 

Heating set-point factory set back 

(night/weekend) (°C) 

12  

Cooling set-point factory (°C) 25 

Cooling set-point factory set back 

(night/weekend) (°C) 

27 

 

Fig. 5.  Geometry of the industrial building modelled with 

design builder energy software  

2.4 Retrofitting scenarios 

 

Two retrofitting scenarios are proposed for the selected 

industrial building. Scenario 1 (S1) includes an improved 

U value of 0.45 W/m2 K of the existing roof and walls 

(see table 2). Scenario 2 (S2), besides the improved 

insulation, replaces skylights while modifying their 

design (raised monitor roof) and increasing the 

ventilation regime during the summer period. Figure 6 

and Figure 7 illustrate the existing and modified roof 

design of the facility.   

Table 2. Proposed building elements U-values 

Building  

elements 

U  value 

(W. m-2 K) 

Description  

External wall  0.45 Sandwich panel (tin, 

polystyrene 80mm +  tin) 

Roof  0.45 Sandwich panel (tin, 

polystyrene 40mm +  tin) 

 

Fig. 1. Existing skylight design 

 

Fig. 2. Proposed skylight with altered roof to ameliorate 

ventilation 

3. Results and Discussion 

This section presents and discusses simulation results for 

cooling, heating and total monthly and annual energy 

demand and monthly indoor air temperature for basic 

case and optimization scenarios.   

3.1. Energy performance 

Figure 8 to 10 show the existing energy demand and 

retrofitting scenarios of the industrial building.  Figure 8 

presents the predicted monthly energy demand of the 

base case. Figure 9 compares the annual energy demand 

for heating and cooling of basic case and the two-

refurbishment scenarios, S1 and S2 respectively. Figure 

10 compares the energy demand for total annual energy 

demand of basic case and the two-refurbishment 

scenarios, S1 and S2 respectively. Both refurbishment 

scenarios are performing better than the base case with 

the cooling and heating energy demand. Cooling annual 

energy demand is reduced from 89.1 KW.m-2y-1  to 81.6 

KW.m-2y-1 and 76.5 KW.m-2y-1 for S1 and S2 respectively, 

thus by 8 % and 14 %. Annual heating energy demand is 

reduced from 37.5 KW.m-2y-1  to 32.6 KW.m-2y-1 and 30.3 

KW.m-2y-1 for S1 and S2 respectively, thus by 13 % and 

19 %. While, total annual energy demand (see figure 10) 

is reduced from 126.6 KW.m-2y-1  to 114.2 KW.m-2y-1 and 

106.8 KW.m-2y-1 for S1 and S2 respectively, thus by 10 % 

and 16 %. 
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Fig. 3. Comparison of monthly cooling and heating energy 

loads for the base case (BC) of industrial building.  

 

Fig. 4. Comparison of yearly cooling and heating energy 

loads for the base case (BC), scenario 1 and scenario 2 of 

industrial building. 

 

Fig. 5. Comparison of yearly total energy loads for the base 

case (BC), scenario 1 (S1) and scenario 2 (S2) of industrial 

building. 

3.2. Indoor thermal conditions  

Figure 11 illustrates the monthly indoor air temperature 

values for each zone of facility. Zone 1, Zone 2 and Zone 

3 (see table 1) have lower air temperature, while Zone 4 

and 5 have the highest temperatures. For instance, in 

January the monthly temperature difference of Zone 1, 

Zone 2, and Zone 03 compared to Zone 4 and Zone 5 is 

5 °C, while in July, the monthly temperature difference is 

3 °C.  Figure 12 to figure 14 illustrate the indoor air 

temperature of each zone of the facility of basic case and 

the two-refurbishment scenarios (S1 and S2). 

Optimization scenario (S ) shows a reduction of 1°C -

1.5 °C of Zone 1, Zone 2 and Zone 3 for June, July, and 

August.  

 

Fig. 6. Computed monthly indoor air temperature (for five 

zones) of the base case scenario and measured outdoor 

temperature  

 

Fig. 7. Computed monthly indoor air temperature (for Zone 01) 

of the base case (BC), and improved scenarios (SC 01, SC 02)  

versus measured outdoor temperature 

 

Fig. 8. Computed monthly indoor air temperature (for Zone 02) 

of the base case (BC), and improved scenarios (SC 01, SC 02)  

versus measured outdoor temperature 
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Fig. 9. Computed monthly indoor air temperature (for Zone 03) 

of the base case (BC), and improved scenarios (SC 01, SC 02)  

versus measured outdoor temperature 

3. Conclusion  

The paper presents a study on the energy performance 

evaluation and indoor thermal comfort of an industrial 

building in Durres, Albania. In order to analyse the 

thermal performance of the selected typologies and 

predict the consequences of alternative thermal retrofit 

measures, computational simulation model was used. In 

addition, the study explores the consequences of 

alternative thermal retrofit measures by using different 

scenarios.  Certain combinations of improvement 

measures (e.g. insulations of walls, roof, and the use 

increased ventilation via alternative roof design) could 

improve the thermal performance of the buildings. The 

impact of the insulation in building fabric has 

significantly reduced the energy consumption up to 10%.  

Replacement of roof design with increased daylighting 

and ventilation regime reduced the energy consumption 

up to 19%.   
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