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Abstract 

The present study focuses on the modeling and simulation 

of the Ukrainian residential building stock. The aim of 

this research is to evaluate the gas demand for different 

end-uses such as space heating, domestic hot water and 

cooking, at a local, regional and national scale. The 

proposed building stock model is developed using a 

Modelica based low-order building model calculation 

engine. A bottom-up approach is then applied to obtain 

and parameterize the building stock model by using data 

from several Ukrainian organisms, such as the State 

Statistics Service of Ukraine. The building stock model is 

able to run for a whole year, by taking into account when 

to operate in heating or non-heating modes, and with the 

possibility of combining space as space heating, domestic 

hot water and cooking. Various occupancy profiles were 

defined and different building archetypes were considered 

(individual and collective buildings) with several thermal 

performance levels. Four different regions and climate 

zones were considered, based on the Ukrainian climate, 

and the results are presented for all cases with regards to 

the different local characteristics.  

Key Innovations 

The major scientific innovation of the study is represented 

by the bottom-up model development of the Ukrainian 

building stock. Using census data and local architectural 

information, building archetypes were identified for 

different construction periods. From these archetypes, 

energy models with physical parameters such as building 

envelope performance and glazing ratio, or utilization 

parameters such as heating setpoints or domestic hot 

water draw function of the occupancy, were developed. 

Thus, hourly gas demand (space heating, domestic hot 

water and cooking) was obtained by dynamically 

simulating the building stock.  

Practical Implications 

Thanks to these studies, we draw the gas demand pattern 

for heating, domestic hot water and cooking. Findings 

show that the gas demand depends mainly on the building 

type, consumer behaviour and climate. The developed 

numerical models developed in this work can serve as a 

tool to assess and improve the performance of the 

buildings and thus evaluate structural reforms from a 

technical and economic point of view, destinated to 

decrease the gas demand of the Ukrainian building stock. 

The applicability of the main approach of the model 

remains valid for other countries for improving the 

performance of potential buildings and their renovation 

because, in addition to technical parameters related to 

building archetypes, other aspects are taken into account 

in the model such as building envelope, energy systems 

and ambient conditions. 

Introduction 

The building sector is responsible for 36% of global final 

energy consumption and nearly 40 % of total direct and 

indirect CO2 emissions (Dean et al., 2016). The rise of 

building energy consumption is driven by improved 

access to energy in developing countries, greater 

ownership and use of energy-consuming devices, and 

rapid growth in global buildings floor area, at nearly 3 % 

per year (IEA, 2018). 

Nowadays, gas consumption for thermal comfort (air 

conditioning, water and space heating)  and cooking 

represents a growing market in buildings worldwide, with 

a particularly significant growth rate observed in 

Ukrainian residential buildings (Bulych et al., 2013).  

According to our literature survey, numerical models 

have been developed to predict the gas consumption for 

various applications in residential building. In this vision, 

Izadyar et al, 2015, developed a forecasting of residential 

heating demand, based on the monthly overall natural gas 

consumption, for the District Heating System (DHS). The 

performed tool can be used for formulating novel 

predictive model strategy for residential heating demand 

for the DHS. In addition, Wang et al., 2019, worked on 

natural gas consumption forecasting model based on coal-

to-gas project. Based on the analysis, they predicted the 

gas consumption in winter using two different forecasting 

approaches under Chinese conditions. Furthermore, 

Spoladore et al., 2016,  presented a model for forecasting 

residential heat demand based on natural gas consumption 

and energy performance indicators in order to predict the 

expected hourly heat demand one day in advance and day-

by-day.  

In addition, Rozwalka et al.,  2016, presented a study 

about the Ukraine’s residential and district heating sectors 

with a focus on the potential gas savings both from price 

reform and from other efficiency measures (infrastructure 

investment, etc.). 

In general, the majority of research works focus on the 

numerical models used regarding the investigation of gas 

consumption in building sector. Some studies included 

cost analysis and parametric studies to determine the least 
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cost systems while others were based on the development 

of stochastic models.  

The current study aims to evaluate the gas consumption 

of the residential building stock in Ukraine in order to be 

used as input to assess the daily balance in the natural gas 

distribution system and its future synchronization with the 

national transport system. A parametric study of the gas 

consumption (cooking, water and space heating) by using 

dynamic simulation was conducted and different 

Ukrainian building types were adopted to evaluate the 

evolution of gas consumption in the whole the year. For 

the parametric study, three construction types were 

considered, the first one representing the ancient 

constructions, the second is the typical or standard 

constructions in Ukraine (low thermal mass with U values 

up to 1.25 W/m²K, single glazing), which represents the 

majority in the country, while the third is a High Energy 

Performance (HEP) or performing buildings with U 

values up to 0.35 W/m²K, double glazing), representing a 

model of a high efficiency building. According to our 

research, no study treating the housing stock profiling and 

the evolution of gas demand under Ukrainian conditions 

is available despite its major importance especially for 

identifying the categories of residential gas users. As a 

result, dynamic simulations were conducted for a various 

Ukrainian residences, the energy analysis were 

performed, and the system's optimal design and 

recommendations were as well addressed. 

Building simulations 

The building stock model is able to run for a whole year, 

by taking into account when to operate in heating or non-

heating modes, and with the possibility of combining 

space as space heating, domestic hot water and cooking. 

Various occupancy profiles were defined and different 

building archetypes were considered (individual and 

collective buildings) with several thermal performance 

levels. Four different regions and climate zones were 

considered: Z1 Kiev (Center), Z2 Zaporizhya (Est), Z3 

Odessa (South) and Z4 Ivano-Frankovsk (West). The 

results are presented for all cases with regards to the 

different local characteristics. 

 

Figure 1 : Different climatic zones of Ukraine 

The energy results are presented for all cases and the 

different local characteristics were taken into account. 

Parametric studies concerning gas consumption size were 

carried out for heating, cooking and DHW. 

Building stock model description 

The stock of residential buildings can be divided into 4 

main periods: 

• Old buildings constructed before 1919: 

characterized by a great disparity in the 

construction methods and the materials used, 

varying according to the regions; 

• Old buildings constructed between 1919 and 

1945: characterized by the industrialization of 

building materials and the generalization of 

construction methods throughout Ukraine; 

• Recent non-isolated buildings constructed 

between 1946 and 1960: characterized by a 

rationalization of construction to meet the high 

demand for housing during the reconstruction 

and the Thirty Glorious Years; 

• Recent insulated buildings constructed 

between 1961 and today: characterized by a 

significant improvement in thermal performance 

with the appearance of the first thermal 

regulations in 2001 and its various updates. 

The buildings can be differentiated according to the 

geometric characteristics, which have a strong impact 

on heating consumption: size, compactness or joint 

ownership for small buildings. In this work we have 

defined 2 basic categories for buildings: Multi-

Apartment Buildings (MAB) and Individual House 

(IH) as shown in Figure 2. 

The intersection of constructive periods and building 

classes gives a typological matrix. It consists for 

Ukraine of 10 types of buildings. Each type is 

represented in this project by a “reference building”, 

a real building, the exact geometry of which, the 

construction methods and the materials used are 

supposed known. For some, we know the actual use 

and consumption. These buildings are used for 

calculating energy consumption and evaluating 

additionally the energy savings potential. However, 

each “reference building” is not necessarily 

representative of all the buildings of the type in 

question. It just illustrates one example among all the 

existing variants.  

A second approach is developed during this study: 

the definition of an “average” building by type, it is a 

virtual building, composed of all the elements of the 

thermal envelope representative of this type of 

building, in proportion to the areas encountered in the 

park. It will also integrate for all these elements, in 

proportion to their surface, the thermal improvements 

that have already been made to existing buildings.  
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Figure 2: Typology of residential buildings in Ukraine  

The use of constructive periods defined by SSSU (State 

Statistics Service of Ukraine), within the framework of 

the annual population and housing census, helps us to 

both refine the periods and to cross the different 

typologies with statistical data on the park. This 

classification reflects well the great constructive periods 

and the evolution of the energy performance of buildings 

over the different thermal regulations. However, it does 

not offer a distinction between buildings before and after 

1919.  

According to State Statistics Service of Ukraine, the 

evolution and statistics values of dwellings are presented 

in Figure 3. As we can see, the total area of housing stock 

increases with a 1% growth yearly. In another hands, the 

number of dwelling drops from year to another and takes 

highly values in the years between 1990 and 1996. 

Moreover, we observe a slowly growth of the number of 

dwellings between 1998 and 2012 then an increase in 

2013. The number of dwellings remains constant after 

2014. 

 

Figure 3: Evolution of housing stock in Ukraine 

In absence of more detailed information, three thermal 

performance levels (Poor, Standard and Performing) were 

proposed and assessed to show their effects on gas 

consumption for heating. These three values are providing 

a good spread in order to cover the building stock 

diversity. The target values for heat transfer coefficient 

(U) of the elements of the thermal envelope for the three 

studied performance levels are given in Table 1. 

Table 1: Target values for U coefficients of the 
elements of the thermal envelope for the three studied 
performance levels 

Heat transfer coefficient 

(U) of the construction 

element (W/m².K) 

Thermal performance level 

Poor Standard Performing 

C
o

n
st

ru
ct

io
n
 

el
em

en
ts

 

Exterior wall 1.7 0.2 0.13 

Low floor 0.23 0.23 0.15 

Roof terrace 0.62 0.12 0.12 

Carpentry, window 

or French doors 
3 1.3 0.8 

Generic building model specification 

Simulation software use detailed approaches to treat the 

building thermal behavior. These methods and their 
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associated models are appropriate and feasible when we 

are dealing with a limited number of buildings. A similar 

approach cannot be used to assess building stock because 

of the low capacity to access exhaustive data to erect these 

models, and the high computational costs (time and 

infrastructure), according to (Gavan, 2017). Therefore, it 

is necessary to develop and validate a more adapted 

approach for a large number of buildings thermal 

behavior analysis. This method relies on a low-order 

thermal model developed using Modelica/Dymola and 

can be used to speed-up the modeling process while still 

obtaining reliable results. Low-order thermal models like 

mono-zone grey box RxCy models (R-resistors, C-

Capacitors) can be used to perform calculation at a district 

level. They are based on an analogy between two different 

physical domains that can be described by the same 

mathematical equations (e.g. electrical and thermal 

domains). Different configurations can be set up 

depending on the required precision (Berthou, 2014; 

Hazyuk, 2012). 

 

Figure 4 : Generic building model structure 

These analogies have to provide sufficiently detailed 

models to assess the dynamic behavior of buildings with 

a high accuracy.  The models accuracy depends on their 

number of resistors and capacitors. In our case, we 

decided to develop a low-order building model based on 

6 resistors and 2 capacitors (R6C2) because it shows the 

best ratio between ease of use, calculation speed and 

accuracy of the results (Cousin et al., 2019; Berthou, 

2014). 

Two other nodes are integrated to take into consideration 

the convective gains Q
int,conv

 and the internal radiative 

gains Q
int,rad

 defined in equations (15) and (16). The 

model is described with the following equations: 

Ci
dTi(t)

dt
=

Ts(t)-Ti(t)

Ri

+
Te(t)-Ti(t)

Rf

+
Te(t)-Ti(t)

Rv(t)
+Q

int,conv
(t)  (1) 

Ti(t)-Ts(t)

Ri

+
Tm(t)-Ts(t)

R𝑠
+Q

int,rad
(t) = 0  (2) 

Cm
dTm(t)

dt
=

Ts(t)-Tm(t)

Rs

+
Th(t)-Tm(t)

Rm

  (3) 

Te(t)-Th(t)

Re

+
Tm(t)-Th(t)

Rm

+Q
ext,rad

(t) = 0  (4) 

where here Ci and Cm are in J/K, Rs, Rm, Rf, Rv, Ri and 

Re are in K/W, Q
int,conv

, Q
int,rad

 and Q
ext,rad

 are in W, and 

Ti, Ts, Tm, Th, and Te are respectively the temperatures 

in K from the outdoor part to the indoor part of the walls. 

The resistors and capacitors values are defined as follows: 

Ri = Rs = 
1

hint.Sint

 
(5) 

Rm = 
1

Uroof. Sroof+Ufloor.Sfloor+Uwall.Swall

-Ri-Rs 
(6) 

Re=
1

hext.Sext

 
(7) 

max(Rv) = 
1

ρ
air
.Cp,air.Nbpeople_tot.mpeople

 
(8) 

Rf = 
Rinf.Rwin

Rinf+Rwin 

 with Rwin=
1

Uwin.Swin

  

and Rinf = 
1

(ρ
air
.Cp,air.minf.Sext)

  

(9) 

Ci = ρ
air

.Cp,air.Vint (10) 

Cm =∑ ρ
mat

.Cp,mat.Vmat 
(11) 

where the subscripts int, ext, roof, floor, wall, win, inf, air 

and mat stand for interior, exterior, roof, floor, walls, 

windows, infiltration, air and material. S is the area in m²; 

V is the volume in m3; h is the convective coefficient in 

W/m².K; U is the conductivity in W/m².K; ρ is the density 

in kg/m3; Cp is the thermal capacity in J/kg.K; Nbpeople_tot 

is the maximum number of people in the building; mpeople 

is the ventilation flow per occupant in m3/s.pers and minf 

is the infiltration flux in m3/s.m². 

The thermal model developed in Modelica/Dymola is 

presented on Figure 5. 

 

Figure 5 : Thermal model developed in 

Modelica/Dymola 

The high-level thermal model is composed of different 

blocks: a generic building model (R6C2 model) and other 

components developed in order to feed the input data to 

the building block. More information about the model is 

given in the report of Cousin et al., 2019. 
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Validation of the numerical models 

Generic validation with BESTEST   

The developed building model was validated with several 

cases from the BESTEST building envelope test (Cousin 

et al. (2019)). In parallel, a direct comparison with a 

detailed multizone building model using the Buildings 

Library (Wetter M., et al. (2014)) was performed. The 

light-weight and heavy-weight cases 600 and 900 of the 

BESTEST building envelope test are run on both the low-

order and the detailed thermal zone model from the 

Buildings library. The results regarding heating and 

cooling loads and annual energy are then compared. In 

addition, the annual energy demand for heating and 

cooling is confronted to the range obtained with 67 

models developed on various building modeling software, 

including the validated model from the ANSI/ASHRAE 

Standard 140-2011 (2014). 

The building model performs efficiently for the light-

weight cases as reported in the paper of Cousin et al. 

(2019). The power fitting varies between 91 and 96% on 

the heating side and between 82 and 87% on the cooling 

side. For the heavy-weight cases, the power fitting varies 

between 92 and 98% on the heating side, and between 81 

and 95% on the cooling side. For the light-weight cases 

the relative error on the annual energy varies between -2,5 

and +6,5% for heating, and between +10 to +15% for 

cooling. For the heavy-weight cases, the results are 

broader.  

Specific building validation with Ukrainian data  

In order to validate the model against field data, a sample 

of about 200 accounts located in the city of 

DnipropetrovskGaz and provided with historical 

recordings of metered gas residential consumptions was 

considered.  

The end-user/client provided information analysis for 

model parametrization (heated area, number of floors, gas 

use). From this panel, 46 clients have all the necessary 

data for the simulation. 

Figure 6 illustrates the  different gas uses and typology of 

building corresponding to the analyzed clients. 

 

  

 
Figure 6: Different gas uses and the typology of building 

This information was used to simulate the thermal 

behavior of these clients. The measured and simulated gas 

consumption in January 2017 (where heating is used 

intensively) for 46 clients in DnipropetrovskGaz are 

shown in Figure 7. 

 

 
Figure 7 : Measured and simulated gas consumption in 

January for 46 clients in DnipropetrovskGaz 

To extend the analysis, another month (i.e. May, where no 

heating is planned to occur) is chosen to test our model 

corresponding to a period of no heating demand. Figure 8 

presents the measured and simulated gas consumption in 

May 2017 for 46 clients in Dnipropetrovsk. The 

comparison between the simulated and measured data 

shows a good explanatory power of the model (R2 = 91%) 

between the simulated and the observed consumption. 

The simulated results are correctly reproducing the 

monthly gas consumption measured at the end-uses level. 

The differences that we can observe are due to the 

assumptions of the study which was considered when 
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performing the numerical simulations. Slight differences 

are observed and remain acceptable which proves that our 

models are validated with the data provided by 

DnipropetrovskGaz. 

 

 
Figure 8:  Comparison of measured and simulated gas 

consumption in May for 46 clients in DnipropetrovskGaz 

 

It’s hard to scale up to the whole city/country level 

especially when the variability has a rapid dynamic 

behaviour for the input values (owner behaviour, 

insulation values, ...). But, the models and input values 

fitted approximately on 46 measured clients per 200 total 

cases and can predict the energy consumption on different 

levels. For a complete model validation, future works will 

consider the values of the Relative Mean Bias Error 

(MBE) and the Coefficient of Variation of the Root Mean 

Square Error (CV RMSE) as recommended in AHSRAE 

Guideline 14-2014. A preliminary calculation shows that 

the values of these errors do not exceed 5 and 15%, 

respectively. 

Application of the building stock level 

Several parametric studies at the building stock level have 

been performed by taking into account the main gas uses 

for the residential buildings : space heating, domestic hot 

water (DHW) and cooking. Dynamic simulations have 

been carried out corresponding to four Ukrainian zones. 

As we have too much data and results to manage, we will 

only focus on the relevant results related to space heating 

obtained for Kiev (Z1).  

Focus on gas consumption for space heating  

According to the simulations, the gas consumption for 

heating varies mainly depending on the surface to be 

heated and the insulation (building envelope 

characteristics) of the housing. It is estimated that the gas 

consumption spread for heating is between 2.2 and 11 m3 

of gas per square meter. The variation is due to the 

building type, building envelop performance and 

occupancy profile.  

In the following, results of dynamic simulations will 

presented for different building types and characteristics. 

The thermal performance of the buildings has been 

evaluated and the case of MAB_Typ1 is presented in 

Figure 9. At the building level, Figure 9 shows the 

evolution of temperatures (set point and average of the 

building) and the heating power required for two days of 

the year. As we can see, the average temperature of the 

building follows the set temperature thanks to the power 

that the heating system must provide. 

 

Figure 9:  Evolution of temperatures and heating loads 

for MAB_Typ1 

The influence of several parameters such as: profile of 

occupation, efficiency of the insulation and the climatic 

zoning on the building thermal performance has been 

studied. As we can see from Figure 10, the consumption 

profiles has no effect on the gas consumption. For 

MAB_Typ1, the maximum gas consumption achieves 

900 m3 during winter period. 

 

Figure 10:  Effect of consumption profiles on heating 

loads for MAB_typ1 

The impact of thermal performance level of the 

MAB_typ1 building on heating loads is presented in 

Figure 11. As expected, the Poor performance level has 

the great influence on power heating since the building 
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consumes gas two times more than the standard and 

performing levels.  

 

Figure 11:  Effect of thermal performance level of the 

building on heating loads for MAB_typ1 

The effect of the climatic zones on the heating demand of 

MAB_Typ1 building is presented on Figure 12. The gas 

consumption achieves its maximum of 1150 m3 for Z4 

and depends slightly on the meteorological conditions. 

 

Figure 12:  Effect of climate zones on heating loads for 

MAB_typ1 

Figure 13 presents the annual gas consumption for 

various occupation profiles according to different thermal 

performance levels. As previously mentioned, no effect of 

the consumption profile has been noticed on gas 

consumption contrary to the efficiency of the insulation 

that enhance the energy efficiency of the building and 

decreases the gas consumption. 

 

Figure 13:  Effect of occupation profiles on the gas 

consumption according to different thermal performance 

levels for MAB_Typ1 

According to different thermal performance levels, 

Figure 14 illustrates the annual gas consumption for 

various collective buildings categories. As we can notice, 

each building type has its own yearly gas consumption 

according to the surface, envelope and thermal 

performance. 

 

Figure 14:  Effect of collective building types on gas 

consumption virsus various thermal performance level  

Figure 15 indicates gas consumption according to 

ambient temperature for MAB_Typ1. As expected, the 

heating power (gas consumption) is important when the 

outside temperature is in its annual minimal values. 

 

Figure 15: Gas consumption according to ambient 

temperature for collective buildings (MAB, Z1 Kiev) 

Between recent housing (building age less than 10 years) 

and old housing that has not been renovated (using energy 

tax credits for example), consumption can thus go from 

simple to double. Then of course, thrifty households will 

spend much less than the others (lowering its heating 

setpoint for example).  Finally, it is important to note that 

the consumption of heating does not depend (or very 

little) on the number of inhabitants, the same rooms are 

heated depending on whether one is 1 or 5 in a dwelling 

of equivalent size. The gas consumption calculated for 

space heating of collective buildings is illustrated in Table 

2. It has been seen from Table 2 that the gas consumption 

in m3/m2.yr for Individual houses (IH) is greater than 

collective buildings. This is due to the difference in the 

heated area and to the total consumption that is distributed 

to over all the apartments constituting the collective 

buildings. On the other hand, the values of specific gas 
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consumption in m3/inhab.yr for collective buildings are 

more important than its values for individual ones. 

Table 2. Gas consumption ratios of different individual 

and collective buildings for space heating 

Building 

types 

N
u

m
b

er
 o

f 

in
h

ab
it

an
ts

 

H
ea

te
d

 a
re

a 

(m
2
) 

G
as

 

co
n

su
m

p
ti

o

n
 

(m
3
/m

2
. .y

r)
 

G
as

 

co
n

su
m

p
ti

o

n
 

(m
3
/i

n
h

ab
.y

r)
 

IH-Typ1 5 60 25 129 

IH-Typ2 6 110 20 169 

IH-Typ3 6 140 20 220 

IH-Typ4 3 50 24 181 

MAB-Typ1 400 7 500 4 75 

MAB-Typ2 800 13 600 2.8 48 

MAB-Typ3 250 7 000 2.2 60 

MAB-Typ4 1 350 36 000 2.5 67 

MAB-Typ5 800 14 000 2.9 50 

MAB-Typ6 135 2 430 4 72 

Conclusion 

Thanks to these studies, we draw the gas demand pattern 

for space heating applied to Ukrainian residential 

buildings. Findings show that the gas demand depends 

mainly on the building type, climate zoning and slightly 

on the consumer behaviour. The developed numerical 

models developed in this work can serve as a tool to assess 

and improve the performance of the buildings and thus 

evaluate structural reforms from a technical and economic 

point of view, destinated to decrease the gas demand of 

the Ukrainian building stock. The applicability of model 

remains valid for other countries for improving the 

performance of potential buildings and their renovation 

because, in addition to technical parameters related to 

building archetypes, other aspects are taken into account 

in the model such as building envelope, energy systems 

and ambient conditions.  
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