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Abstract. In this paper, after a brief analysis of the connections between the uses of natural gas 
and thermal energy use, the natural gas consumption data related to Italian market are analyzed 
and opportunely clustered in order to compute the typical consumption profile in different days 
of the week in different seasons and for the different class of users: residential, tertiary and 
industrial. The analysis of the data shows that natural gas consumption profile is related in an 
important way to seasonality pattern and mainly to the outside temperature, but there is also an 
important daily pattern both related to industrial and civil energy consumption that, at a lower 
degree than the previous one, does affect the consumption profile and have to be taken into 
account for defining an effective short and mid term thermal energy forecasting method. This 
information extracted appears to be interesting not only in the perspective of defining a model 
of energy use based on both physical and statistical elements but also to support energy 
providers with some information that can be used to tailor bills according to actual energy 
consumption profiles.  

1. Introduction 
The development of provisional instruments for the short and mid term prevision of the patterns that 
govern the energy demand can permit significant energy savings [1]. Accurate models for electric and 
thermal energy short and mid term forecasting are essential to the operation and planning of a utility 
company and to increase the efficiency in the energy production and distribution, [2]. 
Forecasting of the thermal energy use is a quite complex task: an important amount of the thermal 
energy consumed is caused by the heating of civil/tertiary sector, but the part relating to industrial 
uses, such as can be for example the process steam, is important too. While the first component can be 
directly correlated to climatic variables (mainly temperature, humidity and wind speed) and 
seasonality pattern, the second component is more directly related to the planning of production (day 
of week) and less dependent on meteo data. The geographic aggregation of the data appears to be 
important too. The development of forecasting method for electricity can be based on available data of 
consumption and electricity load, [3-4] the same cannot be so simple for the thermal energy. Peak 
energy demand is surely a critical element in the short, mid and long term which for a country like 
Italy, consists of electricity (the mix and spatial distribution of generation technologies, transmission, 
and distribution) and natural gas (production, transmission, distribution, and storage), [5-6].  
Some important drivers like the use of natural gas for thermal energy production and the diffused use 
of combined cycle power plants using natural gas have altered the traditional cyclical demand of 



 
 
 
 
 
 

natural gas. Another important factor is the cost and availability of natural gas, which is itself related 
to many political and economical factors, many times not fully predictable. The economic factor has 
an influential impact on the demand for natural gas in both the residential and in the industrial sector, 
and in both cases it is not simple to quantify the short, mid and long term impact in gas consumption. 
The analysis of the drivers of natural gas consumption is currently object of research, as suggested by 
a recent paper, [7], but it is clear that in a particular country like Italy, the use of thermal energy use is 
the most important driver. Furthermore forecasting of natural gas consumption has been already object 
of analysis in the literature, for example by [8] and [9] with a general perspective. The residential and 
non residential consumption of natural gas in Italy has been recently object of analysis in the literature. 
In particular Bianco et al. in [10-11] proposed a model to forecast residential and non-residential 
consumption of natural gas. Consumption drivers are identified and discussed and a single equation 
demand model is identified. Anyway the object of the two papers is the obtainment of long term 
scenario and the effect of economic drivers is considered of primary importance. It is important to 
remark that the renovation of the natural gas wholesale and retail markets together with a 
technological review of current smart energy practices is a key step to accomplish an optimal energy 
consumption pattern, to avoid energy wastes and to implement a sustainable energy system. In this 
vision smart meters installed at the utility endpoints to monitor usage could be an important 
component of the smart grid. As discussed in the previous section, high resolutions automated meter 
reading system for residential gas meters, which can be used to record gas consumption for each 
appliance have been already experimentally tested and applied, even if in most cases they are not in 
the commercial development phase yet ([12]). Research on smart meters appears to be interesting from 
a technological point of view, but the development and application of smart metering is a particularly 
complex task mainly for aspects related to data treatment and communications. The true challenge and 
difficult task in the field of smart meters’ development, which also occurs in the use of Automatic 
Meter Reading (AMR) devices, appears to be the fact that monitoring energy usage data poses privacy 
risks that might not be easy to solve, [13-14]. On the other hand, fine-grained energy consumption 
data collected by AMR could reveal sensitive information coming from home (number of occupants, 
vacancies, typical energy usage, etc.). While there is a general consensus that energy monitoring 
devices can be an opportunity to “provide consumers with a more comprehensive and nuanced 
understanding of their usage patterns”, the only real perspective of considering demand side 
management is the gas flow monitoring, [15]. In this case even if there has recently been a lot of 
research in this topic, [12] and the italian distributors were required to install SGMs at 100% of all 
non-domestic consumers’ premises by the end of 2012 and at 80% of domestic consumers’ premises 
by the end of 2016, [16], the availability of data is limited to integral data. This work represent the first 
step of the construction of the model for the definition of thermal energy use consumption in complex 
and largely extended energy systems. Results can be extended in some directions that are currently 
under investigation by the authors; for example to other countries to check if the same features that 
appeared to be particularly informative in the Italian case are equally important in other countries. 

2. The link between natural gas consumption and thermal energy use: the Italian case 
Natural gas has been used since the ‘70s to satisfy the needs of many commercial and residential users 
throughout the world through a huge and complex network. Demand for natural gas has traditionally 
been cyclical, simply following the characteristic seasonal patterns. As a consequence, the cyclical 
nature of the demand was used in the past to accurately predict the required natural gas: demand was 
highest during the coldest months in winter and lowest during the warmest months of the year in 
summer; also, a direct correlation with average medium environmental temperature could be observed. 
In addition, until a few years ago, the connection between the gas sector and the electricity sector was 
marginal. Things began to change at the beginning of the ‘90s, when the commercial development of 
combined cycle power plants led to a shift towards the use of natural gas for the generation of 
electricity as well. This had a strong impact on the traditional cyclical gas demand. Obviously, while 
demand of natural gas heating decreases during the summer months, the demand for air 



 
 
 
 
 
 

conditioning/cooling is relevant during the same period. Nowadays electricity provides the primary 
source of energy for residential and commercial cooling, thus causing a significant increase in 
electricity demand especially in summer months. As a further complication to this scenario, in the last 
few years there has been a consistent increase in the penetration of intermittent renewable energy 
production, particularly in countries like Italy, Denmark and Germany. In turn, this has implied that 
gas is being used as a back-up for electricity production when renewables are not available (e.g., to 
back-up solar plants at night time), thus contributing to tighten the connections between gas and 
electricity. Due to the particular development in the 80 and 90s of thermal energy systems based on 
the use of natural gas, Italy represents a particular case where the use of thermal energy could be 
correlated with the consumption of natural gas. Only in recent years, however, the gas sector was 
heavily influenced by new constraints emerged with this new integrated vision system of the energy 
systems. The significant penetration of RES in electricity production has imposed specific logic to the 
consumption of natural gas in thermoelectric plants, mainly natural gas combined cycle power plants. 
The topic is discussed by one of the author in [17].  

2.1. Database definition 
For the Italian case, daily gas flows of 2012 are available from the database of SNAM network 
national splitted to intended use (Fig. 1), [18]; the raw data set, containing data as-is from the Snam 
Rete Gas database has been used. The weather is represented by the average temperature data set, 
obtained from a specific database, [19]. Fig. 1 provides the volume of gas natural consumption in Italy 
in 2012, to support the previous discussion regarding the difficulty of predicting natural gas demand. 
The natural gas consumption data are represented in aggregated form and in the three main customer 
components (gas for thermoelectric plants, gas for industrial sector and gas for civilian/urbane sector). 
The effect of season is represented by an average daily value of the temperature registered in the 
observed day in a particular town of Central Italy. Fig. 1 shows the strong fluctuation of the natural 
gas demand, expressed in Mm3 (1 Mm3 =106 m3), taking into account the main sectors of use. As can 
be seen in Fig. 1, gas for heating varies in a significant way depending on the time of the year (cold vs. 
warm seasons); but gas for thermoelectricity remains of the same order of magnitude over the year, 
and fluctuates according to other dynamics (e.g., weekly patterns). Overall, it is not trivial to predict 
accurately the natural gas demand. While natural gas consumption in power plants is linked to the 
electricity market, because it is directly referred to the electricity generated in gas fuelled power plants 
and is not dependent on thermal energy use, the other components have major correlation. 
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Fig. 1. Consumption of natural gas in Italy in 2012 
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Fig. 2. Consumption of natural gas in civil sector in 2012 
 
Residential consumption of natural gas is determined by the demand for heating, sanitary wter and 
cooking facilities in residential buildings. In this case the main consumption drivers are represented by 
external temperature of the heating season, population and buildings characteristics (i.e. insulation, 
facilities, etc.). Nonresidential natural gas consumption represents the usage of natural gas related to 
economic activities, particularly industry (i.e. manufacturing, food, construction, etc.) and services 
(i.e. offices, shops, etc.). Concerning natural gas consumed in the industrial sector is mainly used in 
production processes, even though a substantial share difficult to estimate is also utilized for heating 
purposes (i.e. heating of very large industrial buildings), whereas the consumption in the service sector 
is substantially due to heating demand. A clear link between natural gas consumption and average 
outside temperature can be remarked. But the influence of other elements, like the day of the week (in 
particular the difference between working days and holidays) cannot be neglected. The civilian/urbane 
consumption is the share of gas flowing in the network that is used to heat the civil sector (residential 
and tertiary). By making an initial clustering of the data between the various sector, analyzing the 
trend of the civilian consumption during the year (Fig. 2) it is possible to clearly identify the 
dependence of the structure of the demand not only on the level of the outside temperature.  

2.2. Preliminary analysis of the data 
Fig. 1 shows clearly that the natural gas consumption, directly related to heat load and thermal energy 
consumption is clearly correlated to seasonality patterns. By visual analysis of the data if is possible to 
propose two possible clusters related to two different meteorological seasons: the “cold” season 
(starting from the middle of October to the end of April) in which the natural gas consumption can be 
clearly linked to the average external temperature and the “warm” season (from May to middle of 
October), in which the consumption is not particularly influenced by the outdoor temperature. 
Analyzing the aggregated data of natural gas consumption it can be also evidenced that the gas 
consumption data, both in the “cold” season and in the “warm” season rely on the specific type of the 
day, e.g., working days, vs. holidays, vs. pre-holidays, two weeks of August. The gas consumption is 
smaller on Saturdays (some industries and some activities are closed) and even smaller on Sundays.  

3. Data analysis and clustering of natural gas consumption data: research of peculiar patterns 
Classification and clustering of time series date is recognized as an important area of research for 
energy data both considering demand and production. Clustering refers to the ability to aggregate 
similar data together and the basic clustering operation corresponds to take a set of a given number n 
of objects and/or data and group them into k clusters. A good clustering method has predictive power; 



 
 
 
 
 
 

in this case: clusters can be used to predict future trend of the data, for example concerning energy 
consumption. Moreover clusters allow to compress a great number of information into a single or a 
reduced number of information.  In addition clusters permits to identify the “outliers”, i.e., the cases in 
which clusters fail to accurately represent particular data. The objective of this section is to propose 
possible clustering of natural gas consumption data. Analyzing natural gas consumption data, the 
seasonality effects connected with the average temperature can be clearly observed with sensibly 
higher consumption in winter, lower consumption values in autumn and spring and the lowest values 
in summer. But analyzing the data it is also interesting to distinguish the various components of 
natural gas consumption, in particular referred to industrial load, civil/residential load and 
thermoelectric load and the correlation with the temperature is different in the three cases. Also, three 
main types of energy consumption users can be identified. The first type (majority of users) is 
characterised by the domestic consumers who consume a significant amount of energy also during the 
night time. The second type of consumers is characterised by the tertiary activities, having a quasi-flat 
consumption profile during the day. Finally, the third type involves industrial use of natural gas, both 
considering thermal energy and other industrial uses.  

3.1. Detailed analysis of the data 
Concerning the residential usage of natural gas, the analysis of the consumption data shows that the 
consumption can be particularly referred to seasonality pattern: this as can be evidenced by the strong 
link with the average external temperature, mainly when the temperature is below 15 °C.  However 
different profiles in different days of the week can be also evidenced. It can be easily seen by visual 
inspection that natural gas consumption data rely on the specific type of the day, e.g., working days, 
vs. holidays, vs. preholidays. Clearly, the consumption is smaller on Saturdays, due to the fact that 
some activities (like offices and schools) are closed and even smaller on Sundays (a lot of commercial 
activities are closed too). This suggests that the load can be splitted into three clusters corresponding 
to the category of the day of the week (e.g., working days, Saturdays and Sundays). In case of 
industrial users, by classifying load consumption into two categories (working days and holidays), it is 
possible to identify two clusters while the natural gas consumption appears to be less connected with 
the outside temperature. On the other hand, visual inspection of the aggregated natural gas 
consumption data concerning the civil sector, reported in Fig. 2, suggests that the consumption, for a 
well defined value of the outside temperate load in this case too is different depending on whether the 
day is a working day or not. But the difference between the two days is less remarkable than for 
industrial sector. More generally, it is possible to recognise whether a given datum belongs to a 
holiday (i.e., Sundays, or other Italian holidays, e.g., Christmas day), to a working day, or to a pre-
holiday. With the term preholidays it is defined the set of Saturdays, the days within two holidays 
when most offices are closed, and the working days during conventional Italian summer and 
Christmas holidays (i.e., the two weeks around August 15 and the two weeks between Christmas and 
January 6). Fig. 3 and 4 represents the link of daily consumption of natural gas and average outside 
temperature in the weekdays and during the other days, grouping preholidays, holidays and special 
days, according to the detailed description reported in Fig. 5. The data on the horizontal axis 
represents the progressive number of the day in accordance with the description of Fig. 5, including all 
holidays, pre-holidays, working days and special days in Italy in the 2012 calendar. Considering the 
aggregated data analyzed, a multiplicative model seems to be the useful in order to predict the natural 
gas consumption in the civil sector in Italy. The mathematical formulation will be the following: 
 
 C(t) F(d(t)· f (w(t)) R(t)   (1) 
 
where C(t) is the actual consumption at time t, d(t) is the day of the week, F(d) is the daily component, 
w(t) is a function of the weather data that include the temperature, humidity and wind chill, f(w) is the 
weather function, and R(t) is a term of correction (random). This last term reflects the fact that thermal 
energy uses depends not only on the current weather conditions but also on the weather during the 



 
 
 
 
 
 

previous days. In particular special conditions occurs when the cold weather continues for several days 
or when a cold day arrives after some “hot” days. Analysing the consumption of natural gas referred to 
industrial sector (Fig. 6), it is possible to evidence the reduced dependence on the temperature and a 
most important influence of the day of the week: a remarkable difference between working days and 
holidays can be clearly evidenced. Elasticity values with respect to the temperature have been 
estimated, for the natural gas consumption in industrial sector. Fig. 7 reports the link between the daily 
consumption and the temperature in the weekdays, while Fig. 8, 9 and 10 provides the same data for 
the three different types of days: pre-holidays, holidays and special days of the year 2012. The days 
are defined using the reference data of Fig. 5. As it can be evidenced from the various figures, there is 
a basic consumption level and an additional amount directly linked to the temperature. It is possible to 
conclude this analysis putting in evidence that if in the case of natural gas consumption in the 
civil/residential sector, the link with weather conditions and temperature is clearly evident (the 
difference between the minimum level is remarkable, going from 20-30 Mm3 for each day up to 300 
Mm3 for each day in the coldest period of the year), the industrial sector appears to be different. 
 

0

50

100

150

200

250

300

350

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

4
1

4
5

4
9

5
3

5
7

6
1

6
5

6
9

7
3

7
7

8
1

8
5

8
9

9
3

9
7

1
0
1

1
0
5

1
0
9

1
1
3

1
1
7

1
2
1

1
2
5

1
2
9

1
3
3

1
3
7

1
4
1

1
4
5

1
4
9

1
5
3

1
5
7

1
6
1

1
6
5

1
6
9

1
7
3

1
7
7

1
8
1

1
8
5

1
8
9

1
9
3

1
9
7

2
0
1

2
0
5

2
0
9

2
1
3

2
1
7

2
2
1

2
2
5

2
2
9

2
3
3

2
3
7

2
4
1

2
4
5

2
4
9

D
a
il
y 
co
n
su
m
p
ti
o
n
 [
M
m

3 ]

0

5

10

15

20

25

30

35

T
 [
°C
]

Consumption on weekdays Average temperature

 

Figure 3. Natural gas consumption data during the days of the week 
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Figure 4. Natural gas consumption data during preholidays, holidays and special days 
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Figure 5. Working days (circle), preholidays (romb), holidays (square), special days (triangle) during 
2012 in Italy. 

 
As it can be clearly evidenced in Figs 7-9, a minimum level of 20 Mm3 for each day is consumed in 
each day of the year, while an additional amount of maximum 30 Mm3 for each day can be related to 
the temperature and to the day of the week. Analyzing the data of natural gas consumption in the 
industrial sector, an additive model can be proposed for the detailed description: this takes the 
following form: 
 
 n w d RC C C C C     (2) 
 
where C is the total consumption, Cn represents the “baseload” component, which is a set of 
standardized load shapes for each “type” of day that has been identified as occurring throughout the 
year, Cw represents the weather sensitive part, Cd is a special day component that create a substantial 
deviation from the usual load pattern and CR is a completely random term, the typical noise term. 

3.2. Discussion, use of the present analysis and possible structure of thermal energy use forecasting   
The analysis of the aggregated natural gas data consumption permits some interesting considerations 
on the use of thermal energy and for the definition of models for short and mid term forecasting.  
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Figure 6. Natural gas consumption in the industrial sector  
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Figure 7. Natural gas consumption trend in industrial sector during the weekdays 
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Figure 8. Natural gas consumption trend in industrial sector during the holidays 
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Figure 9. Natural gas consumption trend in industrial sector in the pre-holiday days 
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Figure 10. Natural gas consumption trend in industrial sector in the pre-holiday days 

In principle it seems that both for natural gas consumption in Italy (strongly linked to the thermal 
energy end uses) and for thermal energy use in general, a combination of end-use model and 
econometric model can be proposed as the more appropriate one. The end-use approach directly 
estimates energy consumption by using extensive information on end use and end users. Concerning 
the civil/residential sectors information about sizes of houses, appliances, the customer use, their age, 
and so on, are required. Statistical information about customers along with dynamics of change is 
another additional element for the forecast. In general, weather conditions influence in maximum part 
both the load and the natural gas consumption. It is clear that forecasted weather parameters are the 
most important factors for load forecasting. So, the accuracy of load forecasting depends on the 
accuracy of forecasted weather scenarios. But the time factors including the time of the year and the 
day of the week (mainly the day type) and in principle the hour of the day are quite important too. 
While it is really difficult to elaborate hourly models, as observed analyzing the natural gas 
consumption data, some remarkable differences can be evidenced between weekdays and weekends, 
mainly in the industrial sector. For this reason, a combination of an additive and multiplicative models 
can be used in order to develop a model for thermal energy use and heat load forecasting. In addition, 
economic factors such as per capita incomes can influence the thermal energy use and natural gas 
consumption. For example natural gas prices can be included in econometric models. 

4. Conclusions 
This paper reports the first step of the development of a method for the forecast of thermal energy use 
of a complex system. After a preliminary analysis of the forecasting of energy uses and the discussion 
of some of the proposal obtained by the technical literature. Considering the particular link of thermal 
energy and natural gas consumption of the work is focused on a specific objective: to analyze and 
describe the structure of natural gas consumption and the correlation of those data with physical and 
statistical elements like a given period of the year, a given day in the week and a given customer 
category. Then the consumption data of one year, in particular 2012, are completely analyzed. The 
research of some peculiar patterns in natural gas consumption data started from a visual inspection of 
the aggregated national data. The natural gas consumption data, are organized and clustered; the 
analysis provides interesting information regarding a typical energy consumption in a given day of the 
week or in a given season. It also shows the particular link of the natural gas consumption with the 
weather conditions, mainly represented by the outside temperature. The natural gas consumption in 
civil/residential sector represents the main component during cold season and is directly connected 
with the temperature, while the natural gas consumption in the industrial sector is only partially 
connected with the temperature and part with the day of the week. The authors believe that this 



 
 
 
 
 
 

information can be used both to summarise the thousands of profile data in a single daily data (e.g., the 
centroid of the corresponding cluster), and also to support energy providers with some information 
that can be used to tailor bills according to actual energy consumption. This work represents just the 
first step of the construction of a model, conceived for the definition of thermal energy use 
consumption in complex and largely extended energy systems. It can be extended in some directions 
that are currently under investigation by the authors. Results will be extended to other countries to 
check if the same features that appeared to be particularly informative in the Italian case are equally 
important in other countries. The results of the present analysis will be useful for the development of a 
model for thermal energy forecasting, whose basic elements are briefly introduced in section 4.2. 
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