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Nine-storey apartment buildings are rather frequent for Latvian capital. Buildings 

constructed before 1990ies have been equipped with mandatory natural ventilation systems 

with stack effect. The inflow of fresh air in such buildings has been acquired through the gaps 

between window frame and window carcass. The exhaust – through the vents which are 

situated in kitchens and bathrooms. 

Nowadays during the construction of new buildings and the renovation ofthe existing 

ones the mechanical exhaust from kitchens and bathrooms is commonly used and natural air 

supply is acquired through the simple air inlets in bedrooms.  In many cases, after the 

renovation, the only natural exhausts persist in bedrooms, and the ventilation is possible only 

by opening the windows. The results of the research have shown that simple mechanical or 

natural exhaust cannot ensure optimal indoor air quality. In order to get information on indoor 

air quality in a whole building, the practical measurements of indoor air in different building‘s 

levels were done. The theoretical evaluation of infiltration and exfiltration influence on indoor 

air quality should be done in order to find the optimal air exchange rate and workingprincipals 

of the ventilation system.It is incontestable that during the winter air infiltration is acquired 

through the lower levels of the building and exfiltration – throughthe upper levels. 

The infiltration has a major impact on building‘s energy efficiency and itsindoor air 

parameters, especially it concerns high rise buildings [1]and it should be taken into account 

for calculation heating system‘s capacity for lower floors. 

Latvian building code LBN 002 - 01―Thermal performance of building envelope‖[2] 

provides only general requirements for buildings‘ air tightness: 

 maximal air leakage for houses, hospitals and kindergartensis 3 m
3
/(m

2
·h), at 

50Pa; 

 maximal air leakage for public buildings, - 4 m
3
/(m

2
·h) at 50Pa; 

 maximal air leakage for engineering buildings (factories) - 6 m
3
/(m

2
·h) at 50Pa. 

When the air leakage is less than 3 m
3
/(m

2
·h), building should be equipped by 

mechanical ventilation.The airtight building has both – positive and negative properties. The 

positive impact of airtightness is possibility to create controlled air supply scheme and to 

reduce energy consumption for supply air heating. This positive effect could be reinforced by 

use of the ventilation systems with heat recovery.The negative property is lack of natural air 

supply and additional exploitation costs for mechanical ventilation. The negative property of 

non-airtight buildings is uncontrolled cold air infiltration which requires also additional heat 

in time thanroom is not occupied.For the existing buildings the level of air leakage could be 

evaluated by using a fan pressurisationmethod. At the same time there is now also common 

developed theoretical methodology of evaluation of impact of air leakage on building 

performance in building design stage.   

At the moment there is a strict gradation for windows air leakage [3]. But for external 

walls and roof structures theoretical evaluation of air leakage is problematic due to the lack of 

information onair permeance ofbuilding materials. The study presents data only for limited 

number of materials [4, 5]. 

res://\\ld1062.dll/type=1_word=kindergarten
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Evaluation of air infiltration and exfiltration in buildings 

It is clear that building envelope of modern buildings should be well insulated as well 

as airtight. The airtight building has both – positive and negative properties. The positive 

impact of air tightness is possibility to create controlled air supply scheme and to reduce 

energy consumption for supply air heating. This positive effect could be reinforced by use of 

the ventilation systems with heat recovery.  The negative property is lack of natural air supply 

and additional costs for equipment and exploitation of mechanical ventilation. The negative 

property of non-airtight buildings is uncontrolled cold air infiltration which requires also 

additional heat in time than room is not occupied.  

Almost in all cases the level of building envelope airtightness could not be calculated 

during design stage. The level of airtightness much more depends on quality of buildings 

construction works. Especially quality of window/wall joints, quality of brick or block walls 

and roof/wall joins. The junction solution of prefabricates elements should be carefully 

evaluated during the design stage. There is no common developed evaluation methodology for 

building envelope airtightness building at design stage. At the moment there is a strict 

gradation for windows air leakage [3]. But for external elements such as walls and roofs 

structures, theoretical evaluation of air leakage is problematic due to the lack of information 

on building materials air permeability. The study presents data only for limited number of 

materials [1,5]. Outdoor air infiltration rate calculation methodologies well described by 

authors [7, 8]. 

Evaluation of air infiltration level and IAQ in dwelling building 

For the purpose of practical evaluation of IAQ, two similarapartments were chosen in 

the same building. The measurements were done in the bedroomson the 1
st
 and 9

th
floor.The 

area of all analyzed roomsis 14m
2
 and volume – 36m

3
. The ventilation system consists of 

central mechanical exhausts from kitchens and natural air supply in bedrooms 

throughregulated air inlets. The flow level through air inlets is regulated manually. The 

diameter of air inlet is 100mm. Each room is occupied by two adults and one infant. The roof 

exhaust ventilator was not operating at nightduring the study. All bedrooms‘ windows 

aresituated on the northern facade. Building principal model is shown Figure 1 [10]. 

Total heat consumption can be calculates as: 

 

   (1) 

 

Where:  – transmission heat losses, W;  – infiltration heat 

losses, W;  – ventilation heat losses. W; 

 

The total amount of infiltrated air during the night: 

 

hmLFGL ia /, 3

.0 
       (2) 

where:
 

iaL . supplying air through air inlets, m
3
/h,  

Go – window‘s level of infiltration, kg/m
2
h,  

F –window‘s area, m
2
. 

 

During this study the windows on the 1st floor were closed and room in the 9th floor 

wasregularly ventilated by opening windows during the day and before the night. The figure 2 

and 3 present measurements in apartments on the1st and 9th floors [9]. 
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Exfiltration 

 
 

Fig. 1. 9storey multi apartment budding model 

 

 

 
 

Fig. 2. Indoor air parameter in 9
th

 floor 

Infiltration 



НИЗКОТЕМПЕРАТУРНЫЕ И ПИЩЕВЫЕ ТЕХНОЛОГИИ В XXI ВЕКЕ 

 105 

 
 

Fig. 3.Indoor air parameter in 1
th

 floor 

 

Amount of infiltrated air for the 1
st
 floor is L = 2.68*3+54= 62m

3
/h. Amount of 

infiltrated air for the 9
th

 floor is L = 0.33*3+2.5= 2.50 m
3
/h. The theoretical air supply for the 

9
th

 floor is 25 times smaller than for the 1
st
 floor.The exhausts ventilator capacity in 1

st
 and 9

th
 

floor is 50m
3
/h. Infiltrated air amount in 1

st
 floor bedroom is 62m

3
/h. The difference between 

infiltrated and exhaust air volume is 12m
3
/h. That means that 12m

3
/h from 1

st
 floor 

exfiltratesthrough door to the staircases and under the stack effect goes to the upper floors. 

As it could be seen from Figure 1 and 2 the CO2 level on the 1
st
 floor is significantly 

lower than on the 9
th

 floor and does not exceed 1700ppm. On the 9
th

 floor the CO2 level 

during the night time is up to 2500ppm.  The relative humidity on the 1
st
 floor varies from 

30% till 50%. The comparison of 24-hour fluctuation of CO2 level is shown in Figure 4. 
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Fig. 4. The comparison of 24-hour fluctuation of CO2 

 

As it could be seen fromFigure 4 the CO2 concentration on the 9
th

 floor is much higher 

during the night time and it drops down after the opening of the window. The ventilation by 

means of window openinghas significant shortcomings due to the high infiltration of cold 

outdoor air which can cause colds. 
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DISCUSSION 

Usually in practice the HVAC systems and air exchange rates are calculated 

irrespective of the apartment‘s level. Although event in the 9th floor dwelling buildings the air 

pressure difference between 1
st
 and last floor is 24 times. 

Even the total balance between supplying air and exhausted air by ventilation system 

per apartment is calculated correct there is a risk of supplying air overflow due to infiltration. 

In this case excess airexfiltrates to the stair cases and raises up to the upper floors.  

The impact of infiltration on energy consumption and indoor air parameters is very 

important for high-rise building as well as for 9store apartment buildings.   

The further research will focus on evaluation of whole building taking into account not 

only one room as an example but also area of all apartments.  
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Although the price of oil are falling down by more than the half these days, due to the 

political crisis between eastern and western countries, energy consumption is always 

increasing, no matter, the price of oil is going up or down. With the increasing cost of energy 

in general, and in the building in particular, which leads to an increasing interest in energy 

efficient building design, and to achieve this, The whole building energy simulation programs 

are more and more employed in the first step in the design process to help architectures and 

engineers to take the best decision, and to choose which alternatives design which are more 

energy efficient and cost effective. 

Designed sustainable buildings should also fulfil all the operational requirements of 

the users. Researchers, practitioners and other stakeholders are faced with enormous 

challenges due to the need to recognize and take account of various dynamic processes around 

us, such as: global climate change, depletion of fossil fuel stocks, increasing flexibility of 

organizations, growing occupant needs and comfort expectation; increasing awareness of the 

relation between indoor environment and the health and wellbeing of the occupants, and 

consequently their productivity [1]. Meanwhile, the use of airtight building materials to 

reduce infiltration from outdoor air is accompanied with a high level of indoor air pollutants. 

Several research works from the early 90s has brought this problem to light [2]. Recent works 

[3-6], study the possibility of the introduction a hybrid ventilation systems in dwellings to try 

to control the ventilation rate while conserving thermal comfort conditions.  One of the most 

effective measures to save energy consumption in residential buildings is by increasing the 

thermal resistances of building‘s envelope; such highlighted by references [7-8]. These 

measures to increase the energy efficiency should meet the international standard for 

sustainable buildings [9-10]. Compliances of residential building energy consumption with 

local building regulations in Algeria are discussed in the reference [11]. 

Whole building energy simulation tools are increasingly used for analysis of energy 

performance of buildings and the thermal comfort of their occupants. A theoretical study of 

the whole building energy simulation is studied in the reference [12]. Nowadays, there are 

many building simulation programs with different user interfaces and different simulation 

engines that are capable of these analyses. The reliability of data exchange and 

straightforward, user- friendly interfaces are major aspects of the practical usage of the 

eQUEST software tools. Due to the huge amount of data that is to be input and the availability 

of rich 3D geometry rendering engines, effective data exchange and software interfaces are 

crucial to enable faster and reliable performance of the simulation tools [13]. 

The eQUEST software is one of the most popular programs used by the building 

simulation community. Simulation can be performed within few minutes using a computer. a 

DOE-2 energy model takes less than a minute or couple of minutes in case of a tertiary 

building to complete an annual simulation run. eQUEST efficiency results from its hour-by-

hour calculations, and the sequential structure of LOADS-SYSTEMS-PLANT-ECONOMICS 

which does not solve the thermal dynamics of building envelope with the HVAC system 

operating performance simultaneously [14]. 
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EnergyPlus is a new generation simulation program built upon the best features of 

DOE- 2 and BLAST, and adds new modeling features beyond the two programs. With DOE-

2‘s limitations in modeling emerging technologies, more modelers, especially in academia 

and research community, have begun using EnergyPlus for their simulation needs. 

EnergyPlus does sub-hourly calculations and integrates the load and system dynamic 

performance into the whole building energy balance calculations which can provide more 

accurate simulation results but runs much slower compared with DOE-2. [15]. 

Both the programs offer their own set of advantages and disadvantages. Other 

programs can be more or less close to one or another of these two major software, eQUEST 

and EnergyPlus. The purpose of this study is to perform a theoretical analysis of some of 

these programs by using previous researcher‘s works in the building energy simulation 

comparison field [16-18]. 

 

Method 

Building Description: The building concerned by the study and comparison of the 

measured and simulated values of heat space energy consumption, is made of five stories 

residential building in Riga, Latvia, situated in Ledrugas street n.7 as shown in figure1. 

 

 
 

Fig. 1. The Ledrugas street 7, building. 

 

Let us refere to the building Ledrugas iela 7, by just building 7, and Ledrugas iela 9, 

by just building 9. The volume of the building 7 is 9947 m3, and with a surface 2072 m2, and 

a length of 162.38m. The average flat‘s surface is 80square meter.The volume of the building 

9 is 9337 m3, and with a surface of 2852.The multi-family residential building studied is 

located in Riga, capital of Latvia. These type of buildings are called serija 103, they were built 

in the year 1969, during USSR period. The original drawing plan is shown in figure 2. 
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Fig. 2. The studied building original drawing. 

 

This kind of building is usually made of 5 to 6 floors, with ceiling and upper roof 

countainig non heated space, bearing walls are constructed of self supporting bricks, other 

walls are made of expanded clay panels, ceiling are made of concrete panels and roofs are 

matched. The building could have different length, and hence different surfaces,Each block 

countes two flats in each level. 

More details about external envelope building material and insolation are given in 

latvian refrence ( Eku siltumefektivitates paaugstinasana) published in Riga, in 1999 by 

buvniecibas departments, [19]. 

The simulation is performed using the eQUEST software Version 3.64, using the 

following data project name, ledrugas street n 7, the  building type, multifamily mid rise, the 

weather data file for latvia is used, the building area in feet, the number of levels, and as a 

heating equipment a heating coil, the year also is chosen. 

The roof surfaces construction chosen is wood standard frame, wood frame, 2x6, 16in. 

o.c. As externel finsh and color, roof build up, and above grade walls have a medium 

absorption of 0.6, were chosen, no insulation for the roof, above grade wall insulated with ´ 

in fiber bd sheating (R-1.3), added insulation for the roof  R-38 batt, with no rad barrier, and 

for above grade wall R-19 batt, with no interior insulation. 

For the ground floor, the values taken are exposure over parking garage, no concrete 

cap, carpet with fiber pad, construction 6in concrete, external/cav insulation 5in, polyurethane 

(R-30), slab edge insulation – no board insulation, with no interior board insulation, and with 

no finish for slab edge. 

Ceiling interior finish Dry wall finish with no ceiling insulation, vertical wall type 

frame, no wll insulation. Floor interior finish carpet with fiber pad, construction 1in plywood 

underlayment, no concrete cap,and no board rigid insulation. 
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External Doors, doors by orientaion are chosen as shown in table 1. 

 

Table 1  

Door orientation 

Door type  North South East Weast 

Glass 1 1 0 0 

Opaque 0 0 1 1 

Main door dimensions are hight 6.6ft and width 6ft, with double low.E, glass category 

double low E ( e3=0.2) clear a µ in,1/2in Air(2614), frame type Alu with a frame width of 

3.0in. Secondary doors dimensions are taken 6.6ft, and 3.0ft, construction type, steel hollow 

core w/Brk. 

Exterior windows,  Only one type of windows is described with glass category Double 

Low-E, type (e3=.2), clear 1/8in, and a 1/4in Air(2610), rrame type insulated with 

fiberglass/vinyl, oper, Mtl spacer, frame width = 1.5in, Windows dimensions hight is taken 

3.56in, sill high with 3in, and percentage of window from total surface ( floor to ceiling), for 

all orientations, is taken 20%, with no exterior windows shade. Roofs have no skylight.  

The building operation schedule for entire year from the 1st january to 31st of 

december is represented for the whole week as the following: from Monday to Friday, return 

at 5 pm, and leave at 7 am, for Saturdays, sudays and holidays, leave at 9 am and return at 4 

pm, day time the flats are supposed to be not occupaied. Actvity area allocations, percent area 

for multy family, cooridor storage, together with a maximum occupation and ventilation rate 

are chosen according to the table 2. 

 

Table 2.  

Ventilation rate for the studied building 

 Percent Area% Max Occupation 

sf/person 

Ventilation 

CFM/person 

Residential 

(Multi-family 

dwelling) 

71 624 30 

Corridor 16 1000 50 

Storage 7 500 75 

Laundry 6 200 25 

 

Interior enduses contributing to space load are interior lighting, cooking and 

miscellaneous equipments, exterior enduses not contributing to space load are external 

lighting and domestic hot water, Interior lighting is taken 0.5W/sqf, for the residential 

dwelling, the corridor is taken 0.57W/sqt, storage is taken 1.19W/sqf, and laundry 12.8W/sqf, 

cooking loads profile for gas or electric cooker are not taken in consideration. For heating 

primary equipment, hot water loop head is taken 36.6ft and design DT is taken 40 F, hot water 

loop flow is taken constant, with a single pump, hot water is supposed to be heated by natural 

gas, the boiler efficiency is 80%. The hot wter system schedule for the entire year is following 

the operation schedule, from Monday to Friday, return at 5 pm, and leave at 7 am, for 

Saturdays, sudays and holidays, leave at 9 am and return at 4 pm, the setvalue is fixed at 180 

F. 

For the residential domestic hot water is modeled using a value of 20 gal/pers/day, 

with an imput rating value of 2001.6 kBtuh, and with a thermal efficiency of 0.8. The water 

supply temperature is 110 F. 

The simulation results for electrical energy consumption are given in MWh, but for 

space heating and domestic hot water, the simulation results are given in gas consumption by 

one million Btu, or Mbthu, the figure 3 shows the simulation sheet. 
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Fig. 3. Simulation result sheet. 

 

As the subject of our research deals only with space heating and domestic hot water, 

the gas consumption for space heat and hot water are shown in  the lower table shown in 

figure 1, and as the results of energy consumption for our residential multi-family building 

given by the utility service latvinergo are given in MWh, thus the value of gas consumption 

given by the simulation in Bthu are converted to MWh to have the same units and comparison 

can, then, be made. The architecture measurment of the residential building, are also 

converted from meter to feet, to be fitted in the software. The results of simulation for the year 

2010 are summarized in the following table 3. 

 

Table 3.  

Summary of the simulation results 

 

The weather data for Latvia, and the residential building architecture details, and type 

of building materials were inserted in the software eQUEST, when data to be fitted in the 

software are missing, we used the default values given by the simulation software.Simulatiom 

of energy consumption for each year was performed, and the results of simulation and 

measured values for Ledrugas street number 7 for the year 2011 are plotted together in the 

figure 4. 

 

  Building 7 Building 9 Closiness % 

 Mea. MWh Sim. MWh Mea. MWh Sim. MWh Building 9 Building 7 

Jan-10 89.77 73.43 97.47 94.57 97.02 81.8 

Feb-10 65.17 55.34 73.86 70.87 95.95 84.91 

Mar-10 46.93 47.4 58.4 60.32 103.29 101.01 

Apr-10 24.2 29.22 33.83 37.03 109.46 120.76 

May-10 9.2 10.87 18.54 13.59 73.30 118.12 

Jun-10 8 4.58 16.6 5.58 33.61 57.27 

Jul-10 6.9 1.03 14.97 1.05 7.01 14.9 

Aug-10 7.2 3.03 14.93 3.43 22.97 42.02 

Sep-10 8.3 8.19 16.79 9.92 59.08 98.73 

Oct-10 28.6 33.07 33.5 41.7 124.48 115.64 

Nov-10 48.8 55.39 56.4 70.96 125.82 113.51 

Dec-10 76.05 65.76 81.7 84.5 103.43 86.47 

Mean 34.93 32.28 36.27 34.09 93.96 86.26 
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Fig. 4. Space heating energy consumption for Ledrugas building 7, year 2011 

 

Simulatiom of energy consumption  for each year was performed, and the results of 

simulation and measured values for Ledrugas street number 9 for the year 2011 are plotted 

together in the figure 5. 

 

 
 

Fig. 5. Space heating energy consumption for Ledrugas building 9, year 2011 

 

Comparison between the enegy consumption of building 7 and building 9 and the results 

of their simulation for the periode of 2010 till 2013, have been made, example of these results 

for the year 2011 are shown in figure 6. 

 



НИЗКОТЕМПЕРАТУРНЫЕ И ПИЩЕВЫЕ ТЕХНОЛОГИИ В XXI ВЕКЕ 

 113 

0
10
20
30
40
50
60
70
80
90

100

E
n
er

g
y
 c

o
n
su

m
p

ti
o

n
 M

W
h

Months

Comparison of consumption building 7 and building 9

Building 9 

Measured

Building 9 

Simulated

Building 7 

Measured

Building 7 

Simulation

 
Fig. 6. Results comparison between consumption building 7 and building 9. 

 

Results  

As usual, space heating energy consumption is very high in winter time in most 

countires, but in baltic states is harder, in Latvia, the space heating toghether with domestic 

hot water consume more energy than all other applications in the residential building, 

especially in old buildings built during the soviet time. The highest level of consumption 

according to data given by the latvian utility for space heating in Riga, and for building 7, for 

the year 2011, is recorded in January, in the second place in comes December, and close to it 

is February. The difference between the measured value and simulated value for january for 

the year 2010, is equal to 16.34 MWh, for December is equal to 10.28MWh, and for February 

is 9.83 MWh, For March the difference is -0.5 MWh, in April the value is higher than the 

measured one by a value of -5 MWh. The whole year results are illustrated in figure 4.  

The difference between the measured value and simulated value for january for the 

year 2011 is -14.66 MWh, it is the only negative value for the month of january during our 

study period 2010-2013, this means that the simulated value exceeds the recorded value, and 

it is due to some work which had been done on the district heating system during that month, 

for December, the difference is equal is equal to 2.32MWh, and for February is 10.93 MWh. 

The difference between the measured value and simulated value for january for the year 2012, 

2013 is equal to 5.56 MWh and 5.70MWh, for December , it is negative and it is respectively 

equal -9.54 MWh and -9.56MWh, and this could be explained by some  work which could be 

done on the distribution network of the district heating system of Riga during the months of  

October, November, and December where all the simulated values exceed the recorded ones. 

For February 2012,and 2013, it is respectively equal  2.52 MWh, 2.49 MWh. 

The highest level of consumption for building 9, for the year 2011, is recorded in 

January, in the second place comes February, and close to it is December. The difference 

between the measured value and simulated value for january for the year 2011, is equal to 

2.90 MWh, for February is equal to 3.01MWh, and for December is -2.8 MWh, For March 

the difference is -1.92 MWh, in April the value is higher than the measured one by a value of 

-5 MWh. The whole year results are illustrated in figure 5. 

It has been observed that the energy consumption for heating space  during the four 

year measurment for both buildings was less than the simulated ones. Meanwhile, in February 

and March, both measured building heat space consumption was bigger than the results given 

by simulation. For October, November, and December, amount of heat measured was bigger 

than the amount found by simulation for the period of 4 years, from 2010 to 2013.  

The difference between the measured value and simulated value for space heating 

season for the years 2010, 2011, 2012, and 2013 for building number 7 and building number 9 
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are summersied in the table 4. The mean heat space energy consumtion by kWh/m2 also is 

caculated for both buildings investigated and resulta are summarized in table 4, for the period 

of 2010-2013. 

 

Table 4. 

Mesured and simulated values,and kWh/m2 
Jan-10 Feb-10 Mar-10 Sep-10 Oct-10 Nov-10 Dec-10  MWh kWh kWh/m2

Building 9 Measured 97.47 73.86 58.40 16.80 33.50 56.40 81.71 418.14 418140.00 146.61

Simulated 94.57 70.87 60.33 9.93 41.71 70.96 84.50 432.87 432870.53 151.78

Building 7 Measured 89.77 65.17 46.93 8.30 28.60 48.80 76.05 363.62 363620.00 175.49

Simulated 73.43 55.34 47.40 8.19 33.07 55.39 65.76 338.59 338589.46 163.41

Jan-11 Feb-11 Mar-11 Sep-11 Oct-11 Nov-11 Dec-11  MWh kWh kWh/m2

Building 9 Measured 73.03 76.06 58.33 15.84 34.85 52.41 61.02 371.54 371539.99 130.27

Simulated 94.60 70.87 60.36 9.99 41.50 70.99 84.53 432.84 432841.16 151.77

Building 7 Measured 64.32 68.89 53.73 8.48 27.72 48.66 58.58 330.38 330380.00 159.45

Simulation 73.49 55.34 47.32 8.22 32.92 55.42 65.76 338.47 338471.98 163.36

Jan-12 Feb-12 Mar-12 Sep-12 Oct-12 Nov-12 Dec-12  MWh kWh kWh/m2

Building 9 Measured 71.65 79.02 54.05 15.60 42.74 56.59 77.27 396.92 396920.00 139.17

Simulated 94.49 70.90 60.12 10.16 41.62 70.81 84.47 432.58 432576.82 151.67

Building 7 Measured 78.99 57.95 61.66 8.30 29.82 47.23 56.26 340.21 340210.00 164.19

Simulated 73.43 55.42 47.17 8.37 33.04 55.28 65.70 338.41 338413.24 163.33

Jan-13 Feb-13 Mar-13 Sep-13 Oct-13 Nov-13 Dec-13  MWh kWh kWh/m2

Building 9 Measured 81.96 60.99 67.74 15.78 38.82 52.29 61.47 379.05 379050.00 132.91

Simulated 94.34 70.99 60.24 10.28 42.21 70.58 84.65 433.28 433281.73 151.92

Building 7 Measured 78.99 57.95 61.66 8.30 29.82 47.23 56.26 340.21 340210.00 164.19

Simulated 73.28 55.45 47.35 8.46 33.51 55.04 65.82 338.91 338912.55 163.57  
 

Conclusions 

The slope shape of the curve of measured values given by the utility services is 

nearely following the slope of the simulated curve one. The recorded ( measured) values for 

the winter months ( December, January, February), and summer time ( June, July, Auguest) 

are higher than the simulated values, but for the rest of the months, the simulated values are 

higher than the measured values. The mean recorded value of space heating consumption for 

building 7 for 2010, is equal to 34.93MWh, and the simulation gives a mean value of 32.28 

MWh, with a difference of 2.65 MWh, which means that the results of simulation is close to 

the measured values by 86.26%. In January the simulation results are closed to recorded 

results by 81.79%, for february they are closed by 84.90%, and for december they are closed 

by 86.47% as shown in table 1. 

The mean recorded value  of space heating consumption for building 9 for 2010, is 

equal to 36.27MWh, and the simulation gives a mean value of 34.09MWh, with a difference 

of 2.18 MWh, which means that the results of simulation is close to the measured values by 

93.96%. In January the simulation results are closed to recorded results by 97.02%, for 

february they are closed by 95.95%, and for december they are closed by 93.96%  as shown in 

table 1. 

The average heat space energy consumtion for cold season ( januaryy, february, 

march, october, november december) in kWh/m2, for building 9, was found to be 146.61 in 

year 2010, 130.27 in 2011, 139.17 in 2012, and 132.91 in 2013, with an average of 137.24 

four the period of 4 years between 2010 and 2013.And the simulated for the same building 

was found to be was found to be 151.78 in year 2010, 151.77 in 2011, 151.67 in 2012, and 

151.92 in 2013, with an average of 151.79 four the period of 4 years between 2010 and 2013. 

The average heat space energy consumtion for cold season ( januaryy, february, 

march, october, november december) in kWh/m2, for building 7, was found to be 175.49  in 

year 2010, 159.45 in 2011, 164.19 in 2012, and 164.19 in 2013, with an average of 165.83 

four the period of 4 years between 2010 and 2013. And the simulated for the same building 

was found to be was found to be 163.41 in year 2010, 163.36 in 2011, 163.33 in 2012, and 

163.57 in 2013, with an average of 163.42 four the period of 4 years between 2010 and 2013.  

It was also noticed that the mean measured valuesfor building 9 were found to be 
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smaller than the average  simulated values during the period 2010-2013, with an average 

closiness percentage of 90.42%. Meanwhile, for building 7, for the same period, the mean 

simulated values were found to be smaller than the measured ones with an average closiness 

percentage of 98.54%. 

The closiness percentage of the recorded value of space heating energy consumption 

and the simulated value performed by the eQUEST simulation software, version 3-64,  for the 

multifamily residential building located at Ledrugas street number 7 Riga, was found to be 

93.12% for the year 201, 102.45% for the year 2011, 99.47% for the year 2012, and 99.62 for 

the year 2013, with an average of 98.54%. The closiness for Ledrugas street number 9, was 

found to be 96.60% for the year 201, 85.84% for the year 2011, 91.76% for the year 2012, 

and 87.48 for the year 2013, with an average of 90.42%. 

Due to the contradictory results between the two buildings which are located in the 

same area, and with the same architecture, but with different volume, the mean recorded 

values for building 9 were smaller thean the simulated , while the contrary is for the building 

7, more investigation with a greater number of buildings is expected to give more information 

about this controversy results. 

According to the ENCERB report for building energy certification directives, the 

analysis of buildings‘ heat consumption had shown that the mean total annual specific heat 

consumption of buildings in Ogre town (Latvia) in year 2003/2004 was 176.16 kWh/m
2
, with 

a mean annual specific heat consumption for space heating of 102,78 kWh/m
2
 and the part of 

space heating in total heat consumption was 0,59. In order to get more precise results showing 

buildings‘ full energy consumption, the new analysis of heat consumption was done only for 

those buildings, which have all three parts of energy consumption – heat, gas and electricity 

consumption. The adjusted calculation showed that annual specific heat consumption for 

space heating is 104.39kWh/m
2
 and for hot water supply – 73.30kWh/m

2
 [20]. Meanwhile, 

the annual space heating consumption for Ledrugas street building number 9 was found to be 

equal to146.61kWh/m
2
 for years 2010, 130.27 kWh/m

2
 foryear 2011, 139.17 kWh/m

2
 foryear 

2012, and 132.91 kWh/m
2
 for 2013, with a mean value of 137.24 kWh/m

2
. the same results 

for building number 7 was found to be equal to 175.491kWh/m
2
 for years 2010, 159.45 

kWh/m
2
  for 2011, 164.19 kWh/m

2
for 2012, and 164.19 kWh/m

2
for 2013, with a mean value 

of 165.83 kWh/m
2
. The respective percentage of closeness for the building 9 is 96.6% for 

year 2010, 85.84% for year 2011, 91.76% for year 2012, and 87.48% for year 2013, and with 

an average of 90.42%,and for the building 7is 93.12% for year 2010, 102.45% for year 2011, 

99.47% for year 2012, and 99.62% for year 2013, and with an average of 98.5%. 
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All energy efficient buildings are based on passive house concept. Passive house is a 

volunteer standard developed by Passive House Institute. Passive building provides optimal 

indooar air parameters with very low energy consumption.In is assumed that optimal IAQ are 

the following: temperature between +20 and +24 and RH between 40% and 60% 

(2).According to passive house concept the U-value is 0.1 W/(m
2
·K) for walls, roofs and 0.8 

W/(m
2
·K) for windows.The exact U-values of the building envelopes will vary in each case 

depending on several factors like parameters of outside air during heating season, size and 

type of building, architecture and availability of energy resources. The optimal insulation 

thicknesses must be calculated for each region to make the building zero energy at the same 

time ensuring the feasibility. In fact one of the major influences to choose zero energy 

buildings over standard ones would come in case if they would not only be environmentally 

friendly but also economically beneficial [9] 

In modern energy efficient buildings sun energy, energy from internal heat sources, as 

well as heat regeneration is used effectively, in that way reducing required heating capacity. 

To minimize energy consumption by mechanical heating and cooling the optimal windows 

size and orientation as well as dynamic shading should be introduce. The windows are the 

most important element of modern buildings. 

Windows are the most important element of the building envelope and play a 

significant role in building architectural design. From the technical point of view, windows 

simultaneously should ensure following functions: 

 To minimize building heat losses in winter time; 

 To reduce external heat gains in summer time; 

 To insure possibilities for passive heating; 

 To provide natural daylight; 

 In some case (natural ventilation and/or night cooling) to provide air exchange. 

As it can be seen from above mentioned description, windows have to provide self-

excluding functions. So, the window and shadings properties should be chosen taking into 

account type of room ventilation, requirements to thermal comfort and energy consumption, 

orientation of building facades, human behaviors and etc. 

In order to reduce overheating, appropriate shading should be used.  External shading 

devices are much more efficient than indoor shading.Natural shading elements such as trees 

can also be used efficiently. The choice of the type and size of shading devices depends on 

solar geometry. Main function of external building envelope is to create physical barrier 

between outer and inner environment. It serves as external shell that helps to keep necessary 

indoor air parametrs (together with air conditioning systems) and to promote indoors micro 

climate control. 

Climate conditions are mostly described by annual air temperature. Data regarding 

outside temperature can be obtained from various sources. Depending from desired precision 

of calculation, select average data about different time intervals – average hourly, daily, 

monthly temperature for all year of the calculations.The influence of outdoor air parameters 

on energy consumption by HVAC systems is shown in figure 1. 

mailto:andris.kreslins@rtu.lv
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Fig. 1. The indoor air comfort zone and regulation regimes on H-x diagram(H – enthalpy, kJ/kg; x – moisture 

content, g/kg; ζ – temperature, ºC; θ – relative humidity; QT – heat source capacity, kW; G – humidifier 

capacity, g/s; L - air quantity, kg/s 

 

For improvement of energy efficiency and in order to achieve zero net energy building 

requirements, a strong option would be utilization of solar energy both for generating solar 

thermal and electrical power. However, the actual obtained energy of solar collectors depends 

on their orientation, shading from trees as well as efficiency of the system. The data on how 

the efficiency changes depending on the inclinationangle and orientation is shown in Tables 1 

and 2 [8]. 

 
Table 1.  

Inclination angle of solar collector 

Inclination angle to the horizontal 0° 15° 30° 45° 60° 75° 90° 

Heating 0,71 0,85 0,94 1,00 1,00 0,98 0,88 

Heating and DHW 0,59 0,74 0,89 1,00 1,06 1,06 0,97 
3  

 
Table 2.  

Orientation of solar collector 

Deviation from the south 0° 15° 30° 45° 60° 75° 90° 

Heating 1,00 0,99 0,97 0,93 0,88 0,81 0,73 

Heating and DHW 1,00 0,98 0,95 0,89 0,81 0,73 0,64 

 

Impact of solar radiation 

When solar radiation interacts with some surface (for example, glass, shading fabric or 

metal), it divides into three parts: (12) 

1) translucency η, that indicate part of translucent flow from total falling light 

flow; 

2) reflection π, that indicate part of reflected flow from the total falling light flow;   
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3) absorbing capacity α. 

Can be concluded that therefore η + π + α=100% 

Specific radiation falling to the surface E, transluced radiation equals with η·E, 

absorbed radiation equals with α·E and reflected radiation equals with π·E. 

Translucency, reflection and absorbing are characteristic values which are 

characteristic to specific material depending from their physical properties. Also these 

characteristic values depend from the wave length of solar radiation. It is possible to measure 

these properties at specific wave length and obtained values are called material spectral data. 

 

Office building concept 

The aim of the research is to develop building concept for three storey office building 

using architectural elements of passive cooling. In order to achieve that it is planned to define 

three basic elements of the building concept – shape of building, sun movement and 

sustainability of the building. These parameters will serve as corner stones also further in 

development of building concept. In addition not only passive cooling elements are 

considered during concept elaboration process but also passive building basic principles 

which include building location, window placement on facades, room alignment, building 

constructions and high comfort level. 

Dynamic simulation software IESVE is used in order to perform required calculations, 

and after analyzing obtained results to make conclusions and relevant improvements, in that 

way providing most beneficial result. In specific Project atrium is used to provide natural 

ventilation thus reducing energy consumption of the building that would be used for 

ventilation facility and operation of cold air pre-heater. Operation principle of natural 

ventilation is shown in Figure 2. 

 

 
 

Summer      winter 

 

Fig. 2. Chimney effect in atrium 

 

In summer chimney effect in atrium facilitate discharge of excess hot air from 

thebuilding.In winter sun in the atrium pre-heatcold outside air and provide additional 

insulation.Ellipse-type shape of the building (Figure 3) is adapted to movement of the sun, 

therefore using the most of sunlight and energy, at the same time building fits well with all 

types of landscape.In order to provide comfortable working conditions to office employees, 

taking into account sun movement path in the sky during daylight, main office rooms are 

located along the north facade of the window, that way avoiding direct solar rays and risk of 

glare. 
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1

st
 floor     Typical floor planning 

 

Fig. 3. Floor room plan 

 

In developed concept of office building, in accordance to performed computer 

simulations on IESVE software, office space areas – average weighted daylight factor id 

optimal – in the boundaries between 2 and 5 (%) as it is seen in Figure 4. 

 

 
 

Fig. 4. Office space areas – average weighted daylight factor distribution 

 

ES-SO and REHVA manual (12) compiles scientific research summary which shows 

impact of daylight use to the factors related to productivity of staff and students: 

 Carnegie-Mellon University discovered that by increasing use of 

daylight that does not cause glare and by providing daylight lighting control, on 

average 3.75% of productivity increase was obtained; (12); 

 On average complains about serious illnesses decrease by 20% and 25% 

to residents that are located close to outer window in comparison to those who work 

deep indoors without access to daylight, (12); 

 Access to window and daylight reduced not showing up at work by 

15%; (14); 

 Direct sun access to the classrooms, especially through non shadowed 

East or South windows is linked to negative performance of the students; (12); 

Direct radiation distribution on the facades of oncept building during the year (in 

hours) is shown in Figure 5. 
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.  

 
South façade      North facade 

 

Fig. 5.Direct radiation distribution on South facade 

 

Conclusions 

Ellipse-type shape of the building is adapted to movement of the sun, therefore using 

the most of sunlight and energy, at the same time building fits well with all types of 

landscape. Big, wide windows on the south facade of the building make the building light and 

lightweight. At the same time in order to avoid direct solar radiation and reduce overheating 

in the summer, new overhang is created. Whereas in north facade of the building narrow and 

long windows are used, to balance effectively availability of daylight indoors and to reduce 

energy consumption in the building. 

In order to provide comfortable working conditions to office employees, taking into 

account sun movement path in the sky during daylight, main office rooms are located along 

the north facade of the window, that way avoiding direct solar rays and risk of glare. 

Transparent wall separating office spaces from atrium provided possibility to use diffused 

sunlight, as well as make interior of the office building modern. Use of such transparent wall 

provides optimal office room weighted daylight factor – in boundaries between 2 and 5 (%). 

Ellipse-type shape of the building provides not only maximum sunlight and energy use 

also providesoptimal ratio between building‘s bordering structure surface area and volume of 

the building. It is researched that the smaller the area of outer walls, the smaller heat loses and 

construction and operation costs. Use of atrium facilitates building‘s sustainability that 

provides natural ventilation. In summer due to chimney effect influence, atrium promotes 

discharge of heated air but in winter sun pre-heats cold outside air and provides additional 

insulation. At the same time simple shape of the building provide reduced thermal bridge 

number and consequently smaller heat loses. 
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