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Adrian BADEA4 

The European Union is promoting renewable sources by searching new ways 

of saving energy in order to minimize the impact on the environment of the 

conventional power plants. The research focuses on the importance of renewables in 

energy balance of the Passive House during warm season. Secondly, it was analysed 

the influence of the environment on the behaviour of the low energy building. For 

study, it was analysed the Passive House located in the University Politehnica of 

Bucharest campus. The monitoring system installed acquires information about 

indoor comfort level and energy balance between house, grid and photovoltaic 

system. 
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1. Introduction 

The society development stage reached today is directly related to the 

usage of the electrical energy in all activity sectors. Worldwide, electricity 

production has increased in the last two decades, reaching 23132 TWh in 2013, 

which represents more than double compared with the year 1990 [1]. The 

continuing development of the world made the energy requirements to grow at a 

rapid base. Electricity production in Europe represented 21.0% of the total world 

energy production between 1990 and 2014. In the EU (European Union), both 

consumption and electricity production followed the same upward trend. The 

energy produced from renewable sources increased between 1990 and 2013 from 

12.8% to 33.0% [1,2,3] and was largely supported by policies of promoting clean 

energy sources. 
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In Romania, the electricity production followed a constant trend over the 

last two decades. Moreover, the production of electricity from renewable sources 

increased from 11 TWh/year in 1990 to 25 TWh/year in 2014 [4]. At the same 

time, the energy consumption decreased by the end of 2014 to 49 TWh from 60 

TWh in 1990 [4]. 

According to directive 2012/27/EED of the European Parliament and of 

the European Council [5] the energy production from renewable sources shall 

represent 24% from the total energy production by the end of 2020 in Europe. At 

the end of 2014 Romania reached the target with more than 35.0% share of 

renewable energy sources [2]. 

In Romania, the energy provided by the PV (photovoltaic) panels in 2014 

was 1295.3 GWh and represented 2.1% of the total energy production, an increase 

with 874.9 GWh compared with 2013 [6]. The energy produced by wind turbines 

was 4720 GWh and by microhydro plants 18990 GWh in 2014 [6]. 

The energetic strategy of the EU aims to reduce the energy consumption in 

all activity sectors. The residential and tertiary sector is the largest end-use energy 

consumer, responsible with more than 40% of the total primary energy [7]; thus, 

the Directive 2002/91/EC of the European Parliament and of the Council of 

Energy Performance of Buildings was issued in 2002 [8]. The objective of the 

directive is ‘to promote the improvement of the energy performance of buildings 

within the Community, taking into account outdoor climatic and local conditions, 

as well as indoor climate requirements and cost-effectiveness’ [6]. The Energy 

Performance of Buildings Directive requires all new buildings to be nearly Zero 

Energy Building (nZEB) by the end of 2020 and all new public buildings to be 

nZEB by 2018 [9]. The 2013 progress report from the Commission [9] stated that 

EU countries should increase their efforts in order to meet the deadlines for new 

buildings to be nZEBs. In October 2014 was published an overview of Member 

States information on nZEBs that shows a clear improvement, both quantitatively 

and qualitatively of the information submitted to the European Commission 

compared to year 2013. Until the report was published all Member States 

submitted the national plans. Romania has made a significant progress regarding 

the definition of nZEB which include both numerical target of primary energy use 

and the share of renewable energy sources [9]. 

The definition proposed by Romania for nZEB is: 'Nearly zero energy 

buildings are characterized by low consumption of energy from fossil sources and 

use renewable (non-fossil) sources of energy, in a proportion established through 

the procedure defining the minimum requirements in accordance with the 

provisions in Articles 4 and 5 of Directive 31/2010/EU'. The national plan for 

nZEB reflects the adaptation of nZEB in line with local climate, economic and 

cultural conditions, including strategies and policies for specific building 

categories [9]. Therefore, in 2012 the 'Green house' program was implemented in 
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the national Romanian plan for energy efficiency as a start for building 

rehabilitation [10]. In nZEB roadmap, Romania had established that beginning 

with year 2018 all new building purchased or built by the public sector should be 

very low energy buildings [10]. 

The certifying procedure of a nZEB starts from the moment of its design 

when a PHPP (Passive House Planning Package) is used [11,12]. According to 

Passive House Institute from Darmstadt a building can be certified as a passive 

house if the specific energy required for heating does not exceed 15 kWh/m2year 

and the total primary energy demand does not exceed 120 kWh/m2year for all 

services (heating, cooling, hot water and appliances) [13,14,15] and in the same 

time maintaining the interior comfort standards imposed by individual countries. 

Also, the air exchange between the interior and the exterior of the building should 

not exceed 0.6 h-1 at a difference of 50 Pa, as the blower door test for passive 

houses’ airtightness requires. Moreover, in order to evaluate if a construction is a 

nZEB or not is necessary that the building to be monitored across one year 

minimum and the compare the results with the above criteria. The Passive House 

criteria states that a part or all of the energy consumed by a nZEB must be 

obtained from renewable sources. 

2. Establishment description  

The Passive House built in the campus of University Politehnica from 

Bucharest (UPB) consists of two identical buildings with a total treated area of 

140 m2 each (Fig. 1). The two houses are designed for minimal energy losses 

according to Passive Houses standards. The U-values for the opaque elements 

varies between 0.10 W/m2/K and 0.12 W/m2/K. The U-value of the exterior triple 

glazing windows is 0.6 W/m2/K and total solar absorbance coefficient of 50% 

[16].  

In order to achieve the energy requirements [16] imposed by the Passive 

House Institute, the East House - “Laboratory House” house from UPB campus 

was equipped with a EAHX (earth-to-air heat exchanger) and a heat recovery unit 

coupled with the ventilation system. For peak periods, it is used an electric air 

heater. The house is connected to the national grid and also a 3.0 kW PV power 

system supplies a part of the electrical energy used. The PV system is composed 

of 13 PV panels and an inverter. The PV panels are South oriented and are tilted 

at 15○ and have a nominal efficiency of 13.4%. The 15○ tilt was chosen respecting 

the slope roof in order to avoid its overloading with metal structures and to avoid 

the tightness destruction of the house. The passive house uses solar collector for 

domestic hot water.  

The studies conducted so far [17,18,19,20,21,22] showed that the low 

energy building concept is applicable in Romanian climate conditions, achieving 
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high energy performances and good interior comfort. Carutasiu et al. investigated 

the behaviour of UPB Passive House during winter conditions and indicated that 

the energy consumption, in order to maintain the interior comfort, was of 14.88 

kWh/m2year for heating. The interior comfort and the low energy consumption 

levels were obtained by applying different scenarios varying the usage of the 

electrical air heater and modifying the air flow rate in order to achieve the 

required interior temperature. Moreover, the article ‘Reducing energy 

consumption in low energy buildings through implementation of a policy system 

used in automated heating systems’ [17] analyse the same house presented in this 

study, but in the heating period (November 2013 – April 2014). The article 

conclusions [17] were used to obtain a large view of the Passive House UPB 

energy balance over a year. 

The passive house has a data acquisition system, which provides 

information about the interior comfort, the exterior environment and the energy 

balance. The monitoring system measures through its sensors the inside and the 

outside temperature, HVAC (heating, ventilation and air conditioning) air flow, 

inside CO2 concentration, humidity, luminosity, solar radiation, energy 

consumption and PV production. The interior temperature is measured using five 

wireless sensors (W1-W5). The air temperature through HVAC system is 

measured using 8 wired sensors (T1-T8) placed as shown in Fig. 2. The solar 

radiation is monitored by a pyranometer mounted on the roof at 15° tilt. The 

energy consumption is harvested using 7 wattmeters: EC1 – lights, EC2 – living 

room (radiant panel and appliances), EC3 – kitchen appliances, EC4 – monitoring 

system, EC5 – electric resistance, EC6 – MVHR (mechanical ventilation heat 

recovery) unit (inside fans) and EC7 – bathroom (radiant panel). 
 

  
Fig. 1. Passive House, UPB, southern view Fig. 2. HVAC sensors position [20] 

3. Monitoring results and discussions 

The data chosen - 1st May 2014 and 31st October 2014 - gives a full 

characterization of the Passive House UPB location in the warm season in terms 

of energy balance, interior comfort and exterior environment. 
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3.1. Outside environment and interior comfort 

The solar radiation and the exterior temperature from UPB campus were 

measured during a period of 3 years (2012-2014). During monitored period the 

average temperature was 13.27oC with a minimum average of -0.31oC in January 

and a maximum average of 25.37oC in July. The total solar yearly radiation was 

1428.13 kWh/m2 with a minimum of 30 kWh/m2 in January and a maximum of 

195.52 kWh/m2 in July. 

Fig. 3 gives a perspective on the variation of daily average exterior 

temperature and solar radiation in the warm season using the data collected 

between 1st May 2014 and 31st October 2014 in order to have a base for the energy 

production of the photovoltaic and for the interior temperatures from Passive 

House UPB. The maximum daily average of the outside temperature was 29.08°C, 

and the highest daily average solar radiation was 557.73 W/m2. The solar 

radiation has a big influence on the inside temperature due to large windows 

mounted on southern façade. 
 

  
Fig. 3. Solar radiation and outdoor 

temperature (daily average from 1st 

of May 2014 to 31st of October 2014) 

Fig. 4. Variation of interior 

temperature of Passive House and 

exterior temperature (daily average 

from 1st of May to 31st of October) 
 

The fresh air was supplied using EAHX. The ground temperature had a 

variation between 11.79°C and 19.84°C and the interior temperature fluctuated in 

limits required by inhabitants. Fig. 4 shows the daily variation of average exterior 

and interior temperature for entire period. The inside temperature slowly follows 

the fluctuation of the exterior temperature to the entire observed period, without 

taking in consideration the end of October when electric air heater was turned on 

in order to obtain the interior temperature comfort in the cold season.  

Spring and autumn were characterized by average differences of 7.6°C 

between inside and outside temperature. This difference was a result of high 

thermal properties of the thermal envelope and outside climate condition. 

A closer view over the variations of the interior and HVAC temperatures 

during 24 hours shows the influence of the high materials thermal performances 
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on the temperature in the house (Fig. 5 and Fig. 6). In Fig. 6 the distribution of the 

temperatures describes the importance of the HVAC system and the influence of a 

very good insulation level.  

The average exterior temperature during that summer day was 26.46°C. 

The solar mean radiation was 406.53 W/m2 and influenced the interior 

temperature through the large windows mounted on the building’s South facade. 

Between 8:00 and 20:00 the outside average temperature was 30.49°C and the 

inside mean temperature was 28.40°C. The air was cooled using only the ground 

temperature. During the day, the air flow was set at low rates in order the air to 

have time to exchange heat with the ground; it can be observed that the air enters 

in the house with lower temperatures compared with outside thermic conditions, 

showing a good efficiency of the EAHX system. 
 

  
Fig. 5. Evolution of the interior and exterior 

temperature on 22nd of July 2014 [24] 

Fig. 6. Evolution of the HVAC temperatures 

on 22nd of July 2014 [24] 

 

Before entering the house, the exterior air exchanged heat with the ground 

and reached an average of 24.83°C (measured by the sensor T2). The air 

introduced in the house had an average of 27.31°C (T5). After ventilating the 

house, the exhausted air had a mean temperature of 28.40°C.  

The air flow rate was varied between 2.24 m3/h during day time and 27.19 

m3/h in the night. During the time when the exterior temperature recorded high 

values, the flow rate had an average of 7.00 m3/h and in the night, the average 

flow rate was 24.7 m3/h in order to cool the air from the house. This scenario 

allowed the temperature across the day to be maintained in a comfort zone. 

In the summer (June, July and August), the outside temperature had an 

average of 23.39°C, with a minimum of 15.37°C and a maximum of 29.08°C. The 

highest temperature was 31.12°C registered in the South bathroom on 14th of 

August.  

Comparing the ground and the exterior trendline temperatures from Fig. 6, 

it can be observed that the difference of degrees has a big potential for cooling the 

house by absorbing the heat from the air that flows through the EAHX. The 

average difference is 4.20°C. 



Achieving high energy performance for low energy buildings in Romanian climate using (…) 243 

3.2. Energy Consumption 

The energy consumption in the analysed (May - October 2014) period was 

473.68 kWh and in winter the energy requirement was 4786.50 kWh. In the 

analysed period, the energy used for lighting was only 39.01 kWh due to the low-

energy light bulbs and to the large glazing surface from South facade. The highest 

energy consumption was recorded in the living room, responsible of 188.09 kWh. 

For ventilating the house 166.08 kWh were needed. 

In table 1 is detailed the energy consumption for each month of the 

analysed period. 
Table 1 

Energy consumption 

Month 
Kitchen 

[kWh] 

Lights 

[kWh] 

Living 

[kWh] 

Ventilation 

[kWh] 

Air heater 

[kWh] 

Consumption 

[kWh] 

May 2014 2.64 18.61 43.95 57.17 0.00 122.36 

June 2014 2.77 4.99 31.47 19.91 0.00 59.14 

July 2014 1.71 3.02 30.27 24.92 0.00 59.91 

August 2014 1.30 3.84 11.23 40.59 0.00 56.96 

September 2014 0.65 2.75 28.89 16.96 0.00 49.25 

October 2014 1.65 5.80 42.29 6.53 69.79 126.06 

Total [kWh] 10.72 39.01 188.09 166.08 69.79 473.68 

 

The lowest energy consumption was registered in September, 49.25 kWh; 

34% of this energy was used for ventilation (EC6) and 59% was used in the living 

room (EC2). The highest energy used in the house was registered in October when 

the heating system was turned on. The monthly average energy consumption was 

78.95 kWh. The ventilation system of the Passive House is designed to function 

all year, in order to supply fresh air and at the same time to cool and heat the 

house. The total energy required for ventilation was 166.08 kWh, which 

represents 1.19 kWh/m2year over the analyzed period. In the next table are 

detailed the average energy consumption and air flow rate from 1st May to 31st 

October 2014. 
Table 2 

Energy consumption and air flow rate 

Period Energy 

consumption 

[kWh/day] 

Air flow rate for heat 

recovery unit [m3/hour] 

Air flow rate for 

EAHX [m3/hour] 

1st May - 10th June 1.84 157.43 179.75 

11th June - 3rd July 0.09 155.42 219.60 

4th July -12th August 0.92 161.80 134.92 

13th August-10th September 1.47 160.68 254.41 

11th September-25thOctober 0.09 164.32 431.85 

26th -31st October 0.7 178.42 326.51 
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3.3. Energy balance 

The double energy flow allows the system house - PV system - grid to 

exchange energy depending of the energy needs of the house and on PV panels 

availability to produce energy. Fig. 7 shows the PV energy production and the 

house energy consumption difference for every month of the monitored period. 

From May to October 2014, the PV panels produced 1054.05 kWh and 441 kWh 

between November 2013 and April 2014 [17]. This represented more than the 

energy consumed by the building’ systems in the warm season. The rest of 580.37 

kWh were inserted into the grid. The ‘PV production’ represents the energy 

produced by the photovoltaic system and the ‘Passive House consumption’ 

represents the energy consumed by the appliance from the house. 

 
Fig. 7. PV production and energy consumption 1st of May 2014 to 31st of  October 2014 

 

 
Fig. 8. Source of energy consumption of the house and grid injection energy 1st of May 2014 to 31st of 

October 2014 
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‘PV energy consumption’ represents the energy consumed by the appliance 

from energy produced by the PV system, ‘grid consumption’ represents the 

energy extracted from the grid and ‘grid insertion’ represents the energy produced 

by the PV system and inserted into the grid. 

In this analysed period, in 160 days from 184 the PV system produced more 

energy than the house consumed (Fig. 8). The maximum surplus was registered on 

22nd of June when 98.97% of the produced energy (9.12 kWh) was inserted into 

the grid. The minimum energy consumption covered by the PV system was 

registered on 26th of October when only 26.12% of the house energy needs were 

covered by photovoltaics. 

 
Fig. 9. Monthly energy balance 

 

In summer months 71.47% of the produced energy was inserted into the 

grid. In June, July and August, the photovoltaic panels produced 617.06 kWh. 

July was the most productive month even if in August was registered higher solar 

radiations and higher temperatures. The temperature plays an important role in 

energy production by the photovoltaic systems. The cell temperature influences 

the intensity of the current. Optimal function of a photovoltaic cell was recorded 

to be at 25°C. For a higher cell temperature than 25°C, the Joule losses increase 

with every degree. In July, the photovoltaic system produced 218.31 kWh with a 

daily average of 7.04 kWh. Fig. 9 presents the energy balance for each month. 

The most productive day of this period was 2nd of July, when the PV 

panels provided 10.43 kWh. A percentage of 82.26% of the energy was injected 

into the grid. 0 presents the energy flow between grid, consumer and photovoltaic 

system. The energy consumption was constant in the night and extracted energy 

from the grid at a 0.144 kWh rate. The most productive hours was recorded 

between 14:00 and 15:00 pm. The PV system produced 2.31 kWh from which 
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2.00 kWh were injected into the grid. It can be observed that during 7:00 and 

20:00, the energy required for operating the house is provided by the PV system. 

In 0 is given the photovoltaic energy repartition for 2nd of July.  

 
 

 
 

Fig. 10. Energy flow on 2nd of July 2014 Fig. 11. Energy distribution on 2nd of July  

During the operating time the photovoltaic panels had a peak power 

production of 2484.3 W corresponding to 1163.51 W/m2 solar radiation and 10.90 

A for the electrical current at 14:04. 

4. Conclusions 

The article describes a case study about the behavior of a low energy 

building in Romania climate during the warm season. Applying scenarios like 

reducing the flow rate when the temperature and the solar radiation are high and 

maximizing it in the night conducts at obtaining comfortable interior temperatures 

levels.  

In Romania, the specific energy consumption for buildings must be within 

57 to 111 kWh/m2/year in order to be considered a nZEB [25,26,27,28]. The total 

energy consumption recorded in the warm season was 473.687 kWh. In an entire 

year (November 2013 - October 2014) the total final consumption was 5260.287 

kWh, meaning 37.57 kWh/m2/year (as the total treated area of the house is 140 

m2).  

The photovoltaic system inserted in the grid 55% of the energy produced 

from May to October 2014. Moreover, the presented study shows that in the warm 

season, the energy balance of the house is positive and the grid can be considered 

an infinite energy storage capacity for satisfying the consumption needs of the 

house when the photovoltaic system does not produce energy. Over an entire year, 

the photovoltaic panels supplied 26% of the total electrical energy needs of the 

house.  

This study for the warm season and the study of the low energy behavior 

of the same house in the winter demonstrate [17] that the implementation of nZEB 

in Romanian climate conditions is an achievable goal regarding the renewable 
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energy consumption through the view of the Passive House UPB. But the most 

important thing to consider is educating the people in saving energy and 

protecting the environment. Changing energy behavior of the final consumer is an 

important step for the necessity of saving the resources for the future generation, 

is an aspect that shall to be followed. 
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