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Abstract – The evaluation of energy consumption for space 
heating in urban environment is an interesting topic for the issues 
related to energy and pollution management. In the paper is 
presented the analysis of measured energy consumption for 
residential buildings located in the cities of Torino and Reggio 
Emilia (Italy). In the first analysis, space heating consumptions 
were correlated with climatic data. In the second analysis, the 
buildings have been grouped according to their energy signatures 
considering the observable characteristics (using a Geographical 
Information System, GIS) and the measured peak of energy 
request during the day. A correlation is shown between the hourly 
percentage peak of heat and the daily energy consumption for 
different outdoor temperatures; specifically, at the same 
temperature conditions, buildings with high peak of percentage 
hourly consumptions, show lower values of daily energy 
consumptions. This may be important to manage the district 
heating network for an optimization of the extension of the 
network, the heat storage stations localization or the gradual 
retrofit policy of buildings in the city.

I. INTRODUCTION

The need to reduce energy consumption and greenhouse gas 
emissions (GHG) is a matter that is currently of great 
importance, especially in high-density urban context. In this 
work, the building sector, as responsible for about one-third of 
global greenhouse gas emissions, was analyzed and in 
particular the thermal energy-use of residential sector which is 
still one of the major contributor of GHG in cities. In Italy, to 
reduce energy consumption and GHG emissions, energy 
policies are focused on two prior actions: the improvement of 
energy efficiency and the exploitation of the available 
renewable energy sources. Also for building sector these 
actions can (also) improve energy accessibility, sustainability 
and affordability even in cities with high energy demand, high 
building density and low availability of renewable energy 
sources [1].

Energy consumption of building sector is influenced by 
several variables linked to the type of building, user behavior, 
climatic conditions such as outdoor air temperature and solar 
irradiation and, also, by the urban environment. For this 
reason, it is crucial to analyze in a better way the thermal 
energy-uses of different types of buildings with the aim to 
develop models helping energy policies to be more effective 
on the real buildings heritage.

Usually buildings energy models can be subdivided in three 
categories: top-down, bottom-up and hybrid models [2, 3].
Top-down models are developed for the evaluation of energy 
trends and to identify the different contributors in a territory

(for energy plans from the national to the municipality scale)
basing the analysis on aggregate consumption and 
socioeconomic data.

The bottom-up models are a more detailed approach used to 
understand the causes connected to different energy 
consumptions of each single contributor and to identify an 
average consumption of a typical building based on 
measurements in different years [3].

Finally, the hybrid models combine the above mentioned
models with engineering ones to better describe energy 
consumptions taking into account other phenomena as, for 
example, the different urban environments [4].

A study conducted by Zhou et al. [6] has analyzed the 
relationship between offices energy consumption and the type 
of building envelopes in four areas of China. The results have 
shown that a linear regression model can be used to estimate 
the thermal energy-use of buildings located in different 
climatic areas with deviations under 15%. The independent 
variables used were the external air temperature, the thermal 
transmittance and the thermal inertia of building envelopes.

Another analysis proposed by Firku et al. [7] studied energy 
consumptions on a grid-connected and a stand-alone 
residential buildings in Texas to test energy consumption
sensitivity to air temperature variations. It was noticed that
energy consumption for heating and cooling is influenced by 
outside air temperature, but less in stand-alone building. 
Results show also that energy consumption depends also by 
other climatic variables, as solar irradiation and air humidity,
and by the type of day and the time of the day.

Yao et al. [7] proposed a method for studying energy 
consumption of four different types of residential buildings
located in Great Britain during the winter season. The energy 
consumption related variables were: climatic conditions, solar 
exposure, indoor air temperature, and type of envelope. In this 
study, the energy balance was calculated on an hourly period 
with a validation through the Esp-r software and a comparison 
of the results with national statistics.

In 2006, Huamani et al. [6] presented a study on energy 
consumption for space cooling in commercial buildings. The 
proposed method estimates the hourly cooling load 
considering as variables the outside air temperature and the 
solar irradiation. The results show that the method is detailed 
and accurate, with a deviation of about 13.2%. Also Cho et al. 
[5] studied energy consumption of commercial buildings but 
with daily, weekly and monthly measurements. They found 
that the influence of the period of measurements is highly 
significant.

Modeling hourly profile of space heating  
energy consumption for residential buildings 
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As it can be noticed by the analyzed literature, the 
characteristics of buildings, as well as climatic, exposure and 
localization variables, significantly affect buildings thermal 
energy-use for space heating and cooling. The aim of this work 
is to identify simplified models to evaluate space heating 
energy consumption of buildings from monthly to hourly 
detail. These models will be useful to evaluate energy 
consumption of buildings at urban scale with few variables for 
smart energy policies, for example combining buildings 
emissions with traffic ones in the different periods of the year 
and in the different areas of a city. Moreover, with the hourly 
models for different buildings, heat distribution with district 
heating (DH) can be optimized considering also buildings that 
can still be connected to the DH network combining a technical 
and economic analysis [8]; also the possibility to insert storage 
systems to satisfy the morning heat peak and connect more 
users can be analyzed.

For this reason, in the first part of this work, a linear 
regression on space heating energy-use was defined with a 
monthly period. Also the energy signature was used to group 
buildings with different climate response on energy-use (on a 
weekly period). Then the hourly heat load profile was analyzed
considering the morning peak as a function of the outdoor air 
temperatures, the type of building and the solar exposure.

Then, different energy consumption data have been 
collected with different purposes:
- monthly data for two different Italian cities Turin and 

Reggio Emilia (respectively with 79 and 405 buildings for 
the years 2014 and 2015) to evaluate:
� how the main climatic variables (air temperature and 

solar irradiation) influence energy consumptions using 
a regression analysis [9];

- daily data for the city of Turin considering measurements 
on 55 users and two heating seasons (2012-2013 and 2013-
2014) to:
� classify the type of buildings with the energy signature,

[10];
� create a hourly load profile for space heating and a new 

classification of buildings;
� analyze the hourly profile for different buildings and 

climate conditions.
All the analyses were performed using also the database on 

buildings information based on a Geographical Information 
System (GIS) to have more data about buildings characteristics 
and the description of population (with the Technical Maps
given by the Municipalities of Turin and Reggio Emilia). 

II. CASE STUDY

The study analyzes buildings connected to the DH network 
in the cities of Turin and Reggio Emilia, located in the area of 
the Po Valley, in Northern Italy. Both cities enjoy a temperate 
climate respectively with 2649 and 2515 HDD at 20 °C.

For the implementation of the monthly space heating energy
consumption model, 79 buildings in the city of Turin and 405 
buildings in the city of Reggio Emilia were analyzed for the 
years 2014 and 2015. The consumption data of both cities were 
provided by the DH company IREN, while climatic data 
(outdoor air temperature and solar irradiation) were provided 
by ARPA (Regional Agency for Environmental Protection) of 

Piedmont Region (weather station: via della Consolata [11]) 
and of Emilia Romagna Region (weather station: Reggio 
Emilia Urbana [12]). Furthermore, for the City of Turin the 
hourly data of 55 buildings were also provided with hourly 
time step for the heating season of 2012-2013 and 2013-2014. 
These buildings were divided by their use, residential and not 
residential, analyzing the heat load during the weekend. Found 
that the non residential users are offices, it was easy to find 
them since there as not heat consumption on Saturdays and 
Sundays. The final quantities of residential buildings were 45, 
while the non residential were 8, since two of them presented 
abnormal values of consumption. In order to generate the heat 
load and monthly space heating models as a function of the 
type of buildings and of the outside air temperature, the 
constructive characteristics of building (period of construction,
surface to volume ratio, height of buildings, etc.), the database
of the 2011 ISTAT census, urban factors as the buildings 
density, the aspect ratio, the solar exposure, the sky view factor 
(SVF, obtained through the use of Relief Visualization 
Toolbox [13]) and climatic data of the Politecnico di Torino 
weather station [14] were collected.

III. METHODOLOGY

The objectives of the models on space heating consumption 
proposed in this work will give the possibility to evaluate how 
the main variables on energy consumption can be used to 
describe yearly, monthly, daily or hourly energy-use in detail 
and how to improve energy planning with a spatial 
distribution.

In every model, energy-related variables can be 
distinguished in controlled and non-controlled ones. For 
energy planning, only few variables are available for all the 
buildings of a municipality or a territory; then, only a small 
part of those (few) variables are controllable but the energy-
use depends also by the other not controllable variables. 
Anyway a good model can reach good results for energy 
planning using only the controllable variables.

Among the controllable variables can be considered the: 
building features (type of building, period of construction, 
surface to volume S/V ratio, heated volume, envelope 
characteristics), solar exposure (orientation, building density, 
aspect ratio H/W, sky view factor SVF, albedo of outdoor 
surfaces), type of users (population age, gender, level of 
education, percentage of foreigners) and environmental factors 
(outdoor air temperature, solar radiation, air relative humidity, 
urban heat island effect).

The main not controllable variables, however, are the: user 
behavior (settings of internal air temperature, duration of the 
heating period), level of energy efficiency of buildings due to 
retrofits improvement and the use of renewable technologies. 
However, the effect of uncontrolled variable usually can be 
estimate as a corrective factor typical of a building heritage 
[15]. Therefore, considering only the controllable variables, 
two models were defined using different methodologies for the 
analysis of energy consumptions. The first model was related 
to the definition of homogeneous groups of buildings and it 
was based on statistical methods such as multiple linear 
regression.
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The model analysed the energy-related variables (building 
characteristics, as well as climatic variables and urban 
variables) in order to realize hourly thermal load profiles.

a) Linear regression model depending on outdoor air 
temperature and solar irradiation

The analysis carried out has a statistical approach using a 
linear regression. The equation considered in the calculations 
is as follows:
� = �� + �� � �� + � + �	 � �	 + 
 (1) 

� =
	��
�������	����� 

	��
���	����� 
  (2)

where: the dependent variable Y is the monthly variation of 
energy consumption, the independent variables X1, ...Xk are 
the main climatic variables as the differences between indoor 
(20°C) and outdoor air temperatures and the monthly 
differences of solar irradiation; �0 ��������	��
����
��1 �����k are 
the partial regression coefficients and e is the statistical error.

The partial regression coefficients and the intercept have 
been determined reducing at minimum the sum of squared 
differences between the measured and calculated variation of 
energy consumptions [13].

The equation used in the model is therefore:

� = �� + ��(20 � ��) + ��(���! � ��)  (3)

���
��� ���� ���������	��� �1 �	�� �2 affect the weight of the 
differences in monthly air temperatures Tm and the monthly 
average daily solar irradiations Im�������	��
������0 represents
the average fixed quote of monthly consumption variation.

b) Hourly heat load profile model based on the type of 
building and on the outdoor air temperature

Starting from space heating energy consumption measured 
on hourly time-step for 55 buildings, it was possible to 
subdivide buildings according to their energy-uses. Energy 
consumptions were collected for the heating seasons 2012-
2013 and 2013-2014 and buildings were located in the central 
district of Turin and connected to the DH network.

To distinguish buildings with different energy 
consumptions, the space heating energy-use was reported as a 
function of the outdoor air temperature using the energy 
signature representation. In Figure 1, the weekly specific
energy consumption for space heating is represented as a 
function of the average weekly air temperature. The data 
provided by the DH company concerned 55 buildings but 
considering only data covering both the two heating seasons 
and having a coefficient of determination R2 higher than 0.8
with the energy signatures, the analysis was conducted only on 
45 buildings for residential use. Among the 10 users left, 8 
belongs to the non residential category and 2 were deleted 
since presented abnormal values of heat and energy 
consumption.

In Figure 1 the weekly specific energy-uses are reported for 
each building as a function of the weekly average air 
temperature. As it is possible to observe, there are many 
differences on space heating energy-use between buildings 
also considering the same outdoor air temperature. 

Considering the different energy consumptions, buildings 
were subdivided in groups characterized by different colors.

In Figure 2, the groups of buildings were also represented 
with the different slopes and intercepts of energy signatures (in 
Figure 1). In Figures 1 and 2, it is possible to observe, group 1 
(pink) and group 2 (red) indicate buildings with higher thermal 
energy consumptions, while group 7 (grey), group 6 (fuchsia) 
and group 5 (yellow) represent buildings with lower energy 
consumptions. 

In Figure 2 the differences by groups are also evidenced by 
the coefficients of the linear trend of energy signature (only 
energy signatures with a coefficient of determination R2 higher 
than 0.8 have been represented).

For each building belonging to the groups, the building 
features (period of construction, S/V) and solar exposure 
(building orientation, SVF, height to distance H/W ratio, 
buildings density BD) were highlighted in Table I. In this table, 
the trend of variables can be observed because, as already 
mentioned, only the controlled ones (variables) have been 
taken into account. As an example, the period of construction 
has been considered but not the retrofit interventions that may 
have changed the energy consumption over the years; besides, 
in the energy signature, the outside air temperature is a 
controlled variable but (not) the inside air temperature and also 
the duration of the heating season are not controlled variable 
[15].

 
Figure 1- Energy signatures for 45 buildings in the central district of Turin.

 
Figure 2 - Relationship between the slope and intercept of the specific 
energy-uses as function of outdoor air temperatures in Figure 1.
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C
la

ss
ifi

ca
tio

n 
1

Building Period of 
construction

S/V
[m2/m3] Orientation H/W SVFave

BD 
[m3/m2]

C
la

ss
ifi

ca
tio

n 
2

C
la

ss
ifi

ca
tio

n 
1

Building Peak % value

1

10591 Up to1918 0.37 South East 0.71 75% 4.83
1b

1 10591 9%
10196 1946 - 1960 0.30 North East 0.79 78% 8.15 4 10241 9%
10620 1946 - 1960 0.31 North East 0.76 80% 7.42 3 10564 8%
10225 1971 - 1980 0.45 North West 0.47 94% 2.39

2b

2 13194 10%
11583 1971 - 1980 0.30 South West 0.71 81% 4.83 1 10196 10%

2 10682 1919 - 1945 0.26 North East 0.76 80% 6.97 1 10225 10%
13194 1961 - 1970 0.30 North West 0.79 78% 6.95 1 10620 10%

3

10572 1919 - 1945 0.29 South West 0.77 76% 6.82 4 13172 10%
10651 1919 - 1945 0.32 South East 0.78 77% 6.35 3 10794 10%
10730 1919 - 1945 0.21 North East 0.76 69% 6.97 3 10651 10%
10790 1919 - 1945 0.32 South East 0.71 73% 4.83 3 10730 10%
10913 1919 - 1945 0.31 South East 0.76 80% 4.91 3 10790 10%
10794 1946 - 1960 0.34 South West 0.75 77% 6.82 5 11463 10%
10869 1946 - 1960 0.27 South East 0.75 81% 6.82

3b

4 13320 11%
10875 1946 - 1960 0.30 South East 0.75 80% 6.82 4 10449 11%
10879 1946 - 1960 0.32 South East 0.78 78% 6.35 4 10230 11%
10893 1961 - 1970 0.27 North East 0.76 76% 7.42 4 10718 11%
10564 1971 - 1980 0.43 South West 0.75 64% 7.42 3 10572 11%

4

10230 1919 - 1945 0.35 South East 0.62 85% 4.51 3 10879 11%
10433 1919 - 1945 0.32 South East 0.88 79% 5.97 3 10893 11%
10449 1919 - 1945 0.30 South West 0.75 77% 6.63 3 10869 11%
10718 1919 - 1945 0.21 North East 0.76 70% 6.97 7 12358 11%
10795 1919 - 1945 0.40 South East 0.76 67% 6.97

4b

2 10682 12%
10798 1919 - 1945 0.28 South East 0.75 74% 6.63 1 11583 12%
10975 1919 - 1945 0.31 South East 0.76 75% 4.91 4 11436 12%
10241 1961 - 1970 0.25 South East 0.76 72% 7.42 4 10798 12%
10357 1946 - 1960 0.29 South East 0.75 68% 6.82 4 10876 12%
11617 1946 - 1960 0.37 South West 0.78 71% 7.31 3 10913 12%
13108 1946 - 1960 0.28 South East 0.75 74% 6.82 5 10270 12%
10876 1961 - 1970 0.32 North East 0.62 65% 6.00 5 10444 12%
11436 1961 - 1970 0.30 South West 1.05 76% 10.11 5 10612 12%
13172 1961 - 1970 0.26 South West 0.80 74% 8.08 5 10668 12%

5

10270 1919 - 1945 0.30 South East 0.80 70% 4.51

5b

4 10357 14%
10424 1919 - 1945 0.40 South East 0.82 66% 8.08 4 10433 13%
10444 1919 - 1945 0.32 South East 0.78 67% 8.08 3 10875 13%
10475 1919 - 1945 0.36 South East 0.71 77% 4.91 5 10475 14%
11463 1919 - 1945 0.61 South East 0.62 73% 7.42 5 10457 14%
10457 1946 - 1960 0.27 North East 0.76 74% 2.39 5 10870 13%
10584 1946 - 1960 0.30 South East 0.75 74% 6.82 5 10584 13%
10612 1946 - 1960 0.29 North East 0.75 70% 6.35 6 10422 13%
10668 1946 - 1960 0.29 South East 0.76 66% 6.97

6b
4 10975 15%

10870 1961 - 1970 0.32 North East 0.76 70% 4.83 5 10424 15%
6 10422 1946 - 1960 0.40 South East 0.79 81% 8.15 7 10578 15%

7 10578 Before 1918 0.37 South East 0.71 78% 4.83 7b 4 11617 17%
11628 1961 - 1970 0.32 South East 0.61 85% 4.48 7 11628 17%

In Table I, it can be observed that the period of construction 
could be one of the variables influencing space heating energy 
consumption because buildings of different ages have various 
type of envelope, different thermal insulation level and 

different windows area; in the top part of Table I, there are 
mainly buildings with a period of construction 1971-1980 
indicating buildings with light structures and more glazed 
surfaces that allow more dispersion to the outside. At the 

TABLE I. BUILDING CHARACTERISTICS AND SOLAR EXPOSURE FOR THE BUILDINGS CLASSIFICATION 1 OBTAINED THROUGH THE ENERGY SIGNATURES 
(CLASSIFICATION 1 IN FIGURES 1 AND 2). ON THE RIGHT A SECOND CLASSIFICATION BASED ON THE PERCENTAGE OF HEAT PEAK LOAD IN THE MORNING 
(CLASSIFICATION 2). 
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bottom of the table, in the last three groups, the 85 % of 
buildings were built before 1960, indicating buildings with 
massive envelopes and few glass surfaces. Another important 
factor is the solar exposure; buildings with higher consumption 
(top of the table) are predominantly North oriented (71% in the 
first two groups), while those with lower consumption are 
generally exposed to the South (South-East). Also the aspect 
ratio H/W is higher for the first groups with also higher 
buildings density BD and lower solar gains. From the Table I,
some exceptions can be noticed. For example, the building 
10591, belongs to group 1 with higher consumption but it was 
built before 1918; or building 11628 that belongs to group 7 
with lower thermal consumption and it was built in 1961-1970.
As already mentioned, anomalous energy consumptions could 
be influenced by not controlled variables.

For the evaluation of hourly thermal load profiles, 
measurements on two heating seasons were analysed (2012-
2013 and 2013-2014). For these two heating seasons, two days 
with similar air temperatures have been chosen to check the 
daily loads of each building for every temperature (from cold 
to warm days); the choice of the days was also driven by the 
air temperature of the day before, as it influences the 
consumption required for space heating in the following day. 
At the top of the Table II, the cold days with higher 
temperature differences can be observed, while in the lower 
part can be found the warmer days with lower temperature 
difference. 

The relative difference between the temperatures of the 
chosen days was also calculated and it can be seen that in all 
cases less than 8%. Once the hourly thermal load of each 
building has been reported for each outdoor air temperature, it 
has been observed that the values of the peak around 6 AM had 
different percentage values. Thus, it has been decided to make 
another classification of buildings according to the resulting
percentage of heat load in the morning peak.

Table I also shows the subdivision of buildings based on the 
energy signature on the left (called Classification 1) and the 
one based on the morning peak of heat load on the right 
(Classification 2). High energy consumptions generally means 
low peak of heat load in the morning, because during the all 
day the building needs heat to maintain thermal comfort 
conditions inside the building; then the pink and red groups (1 
and 2 for classification 1) are located at the top of the table also 
in the classification 2 (with low peak of heat load).; while the 
yellow, purple and grey groups are in the lower part also for 
classification 2 (with high peak of heat load).

There are, however, exceptions for users with higher or 
lower peak of heat load. For example, buildings 10241 and 
13172 were in the central part of the table with classification 1 
(group 4), while with the classification 2 they are in the groups 
with lower peak of heat load (groups 1b and 2b); this is due to 
the fact that the period of construction is 1961-1970, indicating 
a thin envelope with more glass surfaces. On the contrary, 
building 10975 which was also in the central part of the table 
(group 4), is one with higher heat peak, as it was built 1919-
1945 with heavier envelope and a good solar exposition 
(South-East).

For each group of buildings, the hourly heat load was 
represented specifying also the daily energy consumption for 
every selected air temperature (see Table II). Finally, the 
average user was identified for each group of buildings, 

representing its relative hourly profile . As an example, the 
results of this analysis for group 4 is proposed in Figure 3 for 
an outside air temperature of -#�$��!� After a pick in the early 
morning, the heat load settles down to a constant value; this 
trend has been otbained averaging the hourly consumptions to 
reduce noise. In Table III, the  the daily energy consumptions 
of the average user for all the groups of buildings and for all
the selected air temperatures were reported. In Table III, it is 
possible to observe that group 1b is characterized by higher 
energy consumptions and group 7b by lower energy 
consumptions. As a function of daily air temperature, energy 
consumption varies but also the peak of heat load in the early 
morning. Finally, for each daily air temperature, also the 
average heat load profile was finally collected considering the 
different groups of buildings. 

IV. RESULTS AND DISCUSSION

In this section, the results and the models obtained through 
the application of the methodology described above are 
reported. To test the models, a further application to the two 
different cities of Turin and Reggio Emilia is also presented.

TABLE II - SELECTED DAYS FOR ANALYSIS WITH THEIR RELATIVE AIR 
TEMPERATURE DIFFERENCES
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1 Monday 11/02/2013 20.40 17.60 - -

2
Tuesday 12/02/2013 18.30 20.40

0% 11%
Thursday 20/01/2014 18.30 18.20

3
Tuesday 08/01/2013 15.25 10.78

2% 47%
Thursday 28/11/2013 15.58 15.89

4
Monday 21/01/2013 14.64 17.60

1% 6%
Friday 31/01/2014 14.80 18.67

5
Thursday 06/12/2012 14.44 15.89

1% 10%
Tuesday 17/12/2013 14.56 14.25

6
Thursday 03/01/2013 13.87 14.88

1% 17%
Saturday 28/12/2013 14.00 12.31

7
Friday 15/03/2013 12.33 11.56

1% 14%
Monday 06/01/2014 12.24 13.22

8
Thursday 01/11/2012 11.57 13.00

0% 24%
Sunday 23/02/2014 11.60 9.90

9
Sunday 11/11/2012 9.56 10.55

2% 9%
Tuesday 12/03/2013 9.73 9.63

10
Thursday 11/04/2013 7.56 7.67

0% 9%
Wednesday 06/11/2013 7.57 8.38

11
Friday 27/10/2012 5.17 5.89

8% 4%
Friday 19/10/2013 5.60 5.63
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a) Linear regression model depending on outdoor air 
temperature and solar irradiation

The multiple regression equation provides the possibility to 
study the relationship between monthly energy consumptions 
and the main average monthly climate variables: air 
temperature and solar irradiation. The partial regression 
coefficient and the intercept have been determined based on 
attitude to fit measured and calculated values on the two 
different cities: Turin and Reggio Emilia (Figure 4). In Table 
IV, the intercept �0 and the partial regression coefficients �1
and �2 are presented. As it is possible to observe for both cities, 
���� ���������	�� �1 linked to the temperature gradient has the 
higher weight indicating that space heating consumption is 
most affected by the inside-outside air temperature differences. 
The coefficienct �1 is positive because energy consumption 
increases with the difference of temperatures, while the 
coefficient �2 is negative because it refers to the exploitation of
solar heat gains with maximum values in winter time. The
higher relative deviation between calculated and measured 
energy consumptions for the city of Reggio Emilia is due to 
March and November 2015 particularly cold (see Figure 4).

b. Hourly heat load profiles of space heating consumption 
based on the type of building and the outdoor air temperature

In order to obtain a model of the hourly heat load profile as 
a function of the outdoor air temperature and of the group of 
buildings, the average heat load profile for each subgroup was 
finally collected in a single graph for each selected air 
temperature.

In Table V, the morning peak of heat load is reported for 
each group of buildings and air temperature. The percentage of 
the morning peak increases if the outside air temperature is 
higher; comparing Table V with Table III, higher heat load 
peaks are for lower energy consumption buildings (i.e. groups 
5b, 6b and 7b).

TABLE III - DAILY SPACE HEATING CONSUMPTION OF EACH GROUP OF 
BUILDINGS AND FOR THE SELECTED AVERAGE DAILY AIR TEMPERATURES.
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City �0 �1 �2 Relative deviation %
Turin -0.30 0.10 -0.01 5

Reggio Emilia -0.52 0.12 -0.03 14

 
(a)

 
(b)

Figure 3. (a) Daily heat load profile for the buildings of group 4b and for an 
air temperature of -#�$��!��?'@����
���������������
������������������
����������
energy consumption with an outside air temperature of -#�$��!�

In Figure 5, can be observed that groups with higher thermal 
energy consumption show a lower morning peak value (and 
this tendency is repeated for all air temperatures). Moreover, 
after the morning heat peak, the trend became almost stable 
around 5-6% depending on outside air temperatures. This trend 
was obtained with the average of heat load variations to have 
simplyer curves, also with an intermittent use of the heating 
system.
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TABLE IV. MULTIPLE REGRESSION ANALYSIS DATA WITH THE INTERCEPT 
β0 AND THE PARTIAL REGRESSION COEFFICIENTS β1 AND β2 FOR SPACE 
HEATING CONSUMPTIONS OF BUILDINGS OF TURIN AND REGGIO EMILIA 
WITH RELATIVE DEVIATION FROM THE MEASURED CONSUMPTION. 
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Figure 5. Daily heat load profile of buildings of each group and for all the selected outside air temperature from -#�$����=$�K>��!�
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TABLE V - PERCENTAGE OF MORNING PEAK OF HEAT LOAD FOR THE DIFFERENT 
GROUP OF BUILDINGS AND FOR THE SELECTED AIR TEMPERATURES.
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-0.40 8% 8% 9% 8% 10% 11% 13%

1.70 6% 8% 9% 10% 10% 14% 14%

4.58 7% 8% 10% 10% 11% 12% 15%

5.28 7% 9% 10% 10% 11% 13% 15%

5.50 7% 9% 10% 10% 12% 13% 15%

6.07 8% 9% 10% 11% 13% 16% 16%

7.72 10% 10% 10% 12% 13% 12% 15%

8.41 8% 10% 12% 14% 16% 18% 19%

10.36 8% 10% 12% 14% 15% 18% 19%

12.44 10% 13% 14% 16% 17% 18% 22%

14.62 10% 13% 14% 16% 17% 18% 22%

V.CONCLUSIONS 

Space heating energy consumption of buildings is subjected 
to variations due to: the characteristics of the buildings, the 
climatic conditions and also by variables of the surrounding 
environment. In this work, simplyfied models to evaluate 
energy consumption at urban or territorial scale have been 
presented. In this vast areas, only few variables of buildings  
are known and usually energy-use data are collected at 
municipality scale. Then, there are many variables that are not 
controlled and they can influence the accuracy of the models.

The results of this work show that, once the characteristics 
of the buildings stock have been established, some of the 
controllable variables are sufficient to define:
- the monthly space heating energy-uses controlling the 

climatic variables, as the monthly average air temperature 
and daily solar irradiation;

- the heat load profiles for space heating at different climatic 
conditions. 

In the first part of this work, to evaluate only the climatic 
variables, a multiple regression analysis and the energy 
signature method were used. The first can be used to estimate 
energy consumption with different climatic conditions on a 
monthly period.

The second method, was useful to evaluate a model of 
buiding consumption for an average user at different outdoor 
air temperatures and the buildings were classified in order to 
evaluate how the different variables can influence energy 
consumptions.

In the second part of this work, the hourly variations of 
energy consumptions were evaluated for 45 buildings in Turin 
for two heating seasons. The evaluation of the percentage 
peaks of heat load in the morning consented to create another 
buildings classification. Nevertheless, comparing the two 
classifications of buildings, it was possible to better analyse the 
energy-related constructive, climatic and urban features. 

Generally, buildings with a lower daily consumption have a 
higher peak of the hourly heat load percentage and vice versa; 
the same trend can be observed for the same type of buidlings 
but changing the climatic conditions; with higher air 
temperatures, the hourly percentage of the peak of heat load is 
higher and vice versa.

Therefore, the daily heat load profile for the thermal energy-
uses of different users can be obtained by a classification 
mainly based on the type of buidlng and on the outside air 
temperature.

 
(a) Turin

 
(b) Reggio Emilia

Figure 4. Representation of the monthly space heating consumptions 
variation (in blue the caculated and in orange the measurated values) for the 
cities of Turin (a) and Reggio Emilia (b).

Finally, these models will consent to achieve buildings
energy consumptions from yealy data, to monthly, daily and 
hourly details. Many energy policies can be improved with this 
models for an optimization of the energy distribution network, 
which is based on the morning peak of heat load; they can be 
used also to evaluate how the different anthropic activities 
influence GHG emissions, for example considering the 
building space heating with the traffic flows in different hours 
and climatic conditions. Finally, using a GIS tool all these 
informations can be represented spatially distributed on a 
territory, allowing to adapt energy policies to the different built 
environments.
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