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Romanian Case Study  

 

Part I: Romanian Case Study approach and analysis of the building initial situation 
 

1. Case study approach 

 
The Romanian case study focuses on an educational building. It involves the analysis of energy 

demand and consumption, as well as the proposal of alternatives to enhance the energy efficiency of 

the building.  

 

2. Description of the educational building 

2.1. Introduction 

The Romanian case study is a primary and lower secondary school, built in 1962 and located in 

Petrindu/Cuzăplac village, Sălaj County, Romania (see Fig. 1 and 2.). 

 

Figure 1. School from Romania – map location 
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Figure 2. School from Romania – pictures 

 

2.2. Building Plans 

The total area of the land is 3861 sqm (see Fig. 3).  

 

 
3. Figure 3. School from Romania – situation plan 

The building (C1) has one ground floor and a total built area of 512 square metres, with a total useful 

area of 413.8 square metres (see Fig. 4).  
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Figure 4. School from Romania – facades 

 

The building comprises 3 classrooms, 1 kindergarten room, two hallways, a teaching materials storage, an 

office, three storage rooms, a toilet and a technical room (see Fig. 5). 

The cold-water supply is from the local network. The building is heated by a solid fuel thermal plant and a 

boiler, which are connected to steel radiators. The lighting system is made up mostly of neon fluorescent 

tubes. The building doesn't have a ventilation or air conditioning system.  
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Figure 5. School from Romania – ground floor plan 

2.3. Location 
 

The geographical coordinates of this building are: 

▪ Latitude: 46°57'56"N  

▪ Longitude: 23°11'24"E 

▪ Elevation: 293.2m 

 

 

2.4. Climatic zone 
 

According to the Koeppen-Geiger classification system, Romania is characterized by six distinct climate 

types. The predominant climate zone is a humid continental climate with warm summers (Dfb), which 

encompasses the largest area of the country (including the building area for our case study). During the 

warmest month of the year, the average temperature does not exceed 22°C. In contrast, the average 

temperatures during the coldest month are typically much lower, often significantly below −3°C. 
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2.5. Thermal Envelope Materials 
 

The building has a stone and concrete structure, brick walls, a wooden attic floor and a wooden roof with 

bituminous corrugated boards. The interior walls were finished with washable paint or tiles, while the 

exterior was enhanced with decorative plastering. Concrete floors are covered with parquet or tiles. The 

building is not insulated. The windows have PVC frames and double glazing. 

 

The following data were used in this case study: 

 

Floor slab 

 

Roof 

 

 

 

 

 

 

 

 

 

External wall 45 
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External wall 50 

 

 

External wall 55 
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Partition wall 35 

 

 

Partition wall 65 

 

 

Doors 

 

Windows 

 

 

2.6. Domestic hot water, heating and air conditioning systems 

 

The water is heated by a thermal plant that uses biomass as fuel. The wood-fired plant isn't very 

efficient. 

The building is heated by steel radiators using a solid fuel heating plant (wood) and a boiler. 
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There's no ventilation or air conditioning system in the building either. 

  

 

Figure 6. DHW system 
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Figure 7. Heating system 

 

3. Development of the Romanian educational building Case Study 

3.1. Building BIM model 

A Building Information Model (BIM) for energy analysis is a digital representation of a building that 

integrates both geometric and semantic data, enabling detailed simulations of the building’s energy 

performance. Unlike a standard 3D model, a BIM includes information about materials, thermal 

properties, occupancy schedules, lighting systems, HVAC equipment, and more. 

When used for energy analysis, the BIM serves as a data-rich foundation that can be exported to energy 

simulation software (EnergyPlus in this case study). This allows energy consultants to evaluate heating 

and cooling loads, daylighting, thermal comfort, and overall energy consumption. 

Key benefits include: 

• Automated data transfer from design to simulation 

• Improved accuracy due to consistent and detailed inputs 

• Integrated design workflows between architects, engineers, and energy analysts 

The following figures show several views of the building's geometric BIM model. 
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Figure 8. BIM model 

 

 

Figure 9. School plan in BIM model 

 

 

3.2. Building BIM model 

The analytical model of the building is made up of the interior spaces of the building into which the 

interior volume of the building is divided with its characteristics (volume of space, surfaces that eliminate 

the space...). 
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Figure 10. Analytical model of the building 

In this work, the interior spaces of the building have been grouped into 2 different zones.  

These zones are:  

Ground floor is the conditioned area of the building.  

Common zone is not habitable area. 

The ventilation of the existing building consists of natural ventilation.  

The ventilation needs introduced in the model have been 0.63 interior air renovations per hour for 

dwellings, common areas, and kitchens and bathrooms. 

 

3.3. Climatic zone 

The following data were used in this case study: 

Outdoor temperatures 
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Wind distribution 

 

Global irradiance on a horizontal surface 

 

 

3.4. Operational conditions of conditioned spaces for the building 

 

For the energy analysis of the building, the operational conditions of the conditioned spaces of the 

building have been used, considering a typical school schedule from 8 to 16, from Monday to Friday. 

 

3.5. Building Energy Model  

A building energy model is a detailed digital simulation of a building’s energy use, created to analyse and 

predict its energy performance. It includes inputs such as the building’s geometry, orientation, 

construction materials, insulation levels, HVAC systems, lighting, occupancy patterns, and local climate 

data. The model uses this information to calculate energy consumption for heating, cooling, lighting, 

ventilation, and plug loads over time.  

This model is essential for:  

• Evaluating design alternatives  
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• Estimating energy savings  

• Complying with building codes  

• Supporting green building certifications (e.g., LEED, BREEAM)  

• Performing cost-benefit analysis of energy efficiency measures  

 

 

Figure 11. Some components of the Building Energy Model 

 

3.6. Cases analysed. Description 

• Case 0: Existing/initial scenario: envelope without insulation, double glazing windows (U=2.1 W/m2K), 

solid fuel thermal plant (wood) of low efficiency, radiators 
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• Case 1: Improved envelope (insulating the exterior walls with 15 cm mineral wool, the upper floor 

with 30 cm mineral wool and insulating the slab floors with 10 cm extruded polystyrene, triple glazed 

windows (U=0.8 W/m2K), air-water heat pump, mechanical ventilation, underfloor heating 
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• Case 2: Improved envelope (insulating the exterior walls with 10 cm mineral wool, the upper floor 

with 20 cm mineral wool and insulating the slab floors with 8 cm extruded polystyrene, triple glazed 

windows), air-water heat pump, mechanical ventilation, underfloor heating 
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• Case 3: Improved envelope (insulating the exterior walls with 15 cm mineral wool, the upper floor 

with 30 cm mineral wool and insulating the slab floors with 10 cm extruded polystyrene, triple glazed 

windows), water/ground-water heat pump, mechanical ventilation, underfloor heating 

      

 

 

 

• Case 4: Improved envelope (insulating the exterior walls with 10 cm mineral wool, the upper floor 

with 20 cm mineral wool and insulating the slab floors with 8 cm extruded polystyrene, triple glazed 

windows), water/ground-water heat pump, mechanical ventilation, underfloor heating 
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3.7. Case results. Energy consumption and Energy Rating of the existing buildings 

In this section and in the following one, the annual consumption of final energy, primary energy and non-

renewable primary energy corresponding to the different technical services of the building are shown for 

the initial situation of the building and for the 4 alternatives to improve its energy performance. The 

consumption of heating and cooling services includes the electricity consumption of the auxiliary 

equipment of the air conditioning systems. 

In addition, the energy rating of the cases studied (initial situation and the 4 improvement alternatives) is 

also shown. This rating has been calculated following Spanish standards considering its equivalent climate 

zone: E1 

In order to clarify concepts, some definitions are introduced here: 

Total primary energy consumption. 

Total Primary Energy Consumption in the context of a building energy efficiency analysis refers to the 

total amount of energy from all sources (like electricity, gas, oil, or renewables) that is required to operate 

the building, including the energy used to produce and deliver that energy. 

More specifically: 

• "Primary energy" means the energy in its original, raw form—before it is converted into electricity or 

heat. For example, coal, natural gas, crude oil, or sunlight. 

• This includes energy used on-site (like gas for heating) and converted energy (like electricity), but it also 

accounts for the losses that occur during generation, transmission, and distribution. 
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So, Total Primary Energy Consumption tells you how much raw energy is ultimately needed to run the 

building, giving a full picture of its environmental impact. 

Primary energy consumption of non-renewable origin. 

Primary energy consumption of non-renewable origin refers to the total amount of non-renewable 

primary energy used to operate a building, including: 

• Fossil fuels: coal, natural gas, and oil 

• Nuclear energy 

• Any other non-renewable energy sources 

This measurement includes: 

• Energy directly used on-site, like natural gas for heating 

• Energy used indirectly, such as electricity generated from coal or gas (including losses from generation 

and transmission) 

Energy consumption at the point of consumption (final energy). 

Energy consumption at the point of consumption, also known as final energy consumption, refers to the 

amount of energy actually used by the building for its various functions, such as: 

• Heating 

• Cooling 

• Lighting 

• Hot water 

• Appliances and equipment 

This is the energy delivered to the building and measured at the meter, such as electricity bills or gas 

usage. It does not include energy losses that occurred during production, conversion, or transmission 

(which are included in primary energy). 

In summary: 

• Final energy = Energy used inside the building, as seen by the user. 

• Primary energy = Final energy plus upstream losses (e.g. power plant efficiency, grid transmission 

losses). 

 

• Case 0: Existing/initial scenario: envelope without insulation, double glazing windows (U=2.1 W/m2K), 

solid fuel thermal plant (wood) of low efficiency, radiators 
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Energy consumption of the technical services of the building 

BUILDING (Su= 332.39 m²) 

 

where: 

Su: Usable living area included in the thermal envelope, m². 

EF: Final energy consumed by technical service at point of consumption. 

EPtot: Total primary energy consumption. 

EPnren: Primary energy consumption of non-renewable origin. 
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Final energy consumption of the building. Monthly results. 

 

where: 

Su: Usable living area included in the thermal envelope, m². 

Cef,total: Energy consumption at point of consumption (final energy), kWh/m²-year. 
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Energy rating of the building: Initial situation/existing building. 

Climate zone E1 Usage Other uses 

1. ENERGY RATING OF THE BUILDING IN TERMS OF EMISSIONS 
 

OVERALL INDICATOR PARTIAL INDICATORS 

 

< 28,5 A 

      HEATING DHW 
    

 28,5-46,2 B 

46,2-71,1  

71,1-92,5  

92,5-113,8 

 
C 

 

 
D 

 
 
 

 
E 

  34,90 B  Heating 

emissions 

[kgCO2/m²-year]. 

 

 
A 

DHW emissions 

[kgCO2/m²-year]. 

 

 
E 

113,8-142,3    F   
9.74 

 
20.88 

 

≥ 142,3     G  
  

COOLING LIGHTING 

 
Global emissions [kgCO2 /m²-year]

 

 

Cooling 

emissions 

[kgCO2/m²-year]. 

 

 
A 

Lighting 

emissions 

[kgCO2/m²-year]. 

 

 
E 

0 4.27 

The overall rating of the building is expressed in terms of carbon dioxide released into the atmosphere as a result of the 

building's energy consumption. 

 

 kgCO2/m²-year kgCO2-year 

CO2 emissions from electricity consumption 29.52 9812.76 

CO2 emissions from other fuels 5.37 1785.83 

 

2. ENERGY RATING OF THE BUILDING IN TERMS OF NON-RENEWABLE PRIMARY 

ENERGY CONSUMPTION 

Non-renewable primary energy means energy consumed by the building from non-renewable sources that has not undergone any 

conversion or transformation process. 

 

OVERALL INDICATOR PARTIAL INDICATORS 

 

 < 122,2 A 

 122,2-198,6B 

      

 
184,43  

HEATING DHW 

Primary energy 

heating 

[kWh/m²-year] 

 

 Primary energy  

198,6-305, 

305,5-397,1  

 397,1-488,8  

C  
D 

 

 
E 

    
A 

DHW 
[kWh/m²-yr] 

 
E 

          

          

          

488,8-611,0    F   
35.96 

 
123.27 

 

≥ 611,0     G  
  

COOLING LIGHTING 

 
Overall non-renewable primary energy 

consumption [kWh/m²-year]
1 

Primary energy 

cooling [kWh/m²-

year]. 

 

 
A 

Primary energy 

lighting [kWh/m²- 

year]. 

 

 
E 

0 25.2 

 

3. PARTIAL RATING OF HEATING AND COOLING ENERGY DEMAND 

The heating and cooling energy demand is the energy required to maintain the internal comfort conditions of the building. 

 

HEATING DEMAND COOLING DEMAND 

< 48,8 A       <  A      0,00 A  

 48,8-79,3 B        0,0-0,0  B      

79,3-122, C      0,0-0,0   C     

122,0-158,6   D     0,0-0,0    D    

 158,6-195,2    E  172,22    0,0-0,0     E   

195,2-244,0    F   0,0-0,0     F  

 ≥ 244,0 G  ≥ 0,0 G 

Heating demand [kWh/m²-year]. Cooling demand [kWh/m²-year]. 

 
1 The global indicator is the result of the sum of the partial indicators plus the value of the indicator for auxiliary consumption, if any (only tertiary buildings, 

ventilation, pumping, etc.). Self-consumed electricity is only deducted from the global indicator, not from the partial values. 


