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analysis of theltalian case
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Abstract

In this paper, after a brief review of the methadids proposed in the literature for the forecgsth heat load and
thermal energy consumption, a specific analysitheftrends of natural gas consumption applied ¢olthlian case.
Italy is a country in which the use of natural ga® be mainly connected to the uses of thermalggrfer heating

purposes. The natural gas consumption data argzacbtharacterized and clustered referring to éisé four years
(2012-2015). The dependence of the typical Itatansumption profile in different days of the wedk,different

seasons and for the different users are analyassitential/civil, industrial and use referred terthoelectric power
plants are in particular analyzed. The analysthefdata shows that natural gas consumption prisfiteainly related to
seasonality pattern and to the weather conditionpdfrticular temperature below 15 °C) for the kiesidential sector,
but it is shown that there is also an importantydaattern both related to industrial and civil emeconsumption that,
at a lower degree than the previous one, doestatiecconsumption profile and have to be taken axoount for
defining an effective short and mid term thermadrgy forecasting method. A possible mathematicaicttre of the
natural gas consumption profile is proposed. Duth#ostrong link between thermal energy use, maiolynected to
heating purposes, and natural gas consumptiorattaysis could be considered the first step fordimeclopment of a

model for thermal energy forecasting.

Keywords: Natural gas consumption; Data analysis; Thermaiggnese; Clustering; Forecasting;

* Corresponding author:

Alessandro Franco

Department of Energy, Systems, Territory and Caoisstsns Engineering
Largo Lucio Lazzarino,

56126, Pisa, Italy

Phone: +39 050 2217154 Fax: +39 050 2217150

e-mail: alessandro.franco@ing.unipi.it



1. Introduction

The recent years have witnessed significant effedddwide at multiple levels, from research toipyplinitiatives to
support the interaction of the various sectorsnafrgy at different levels, from demand to produttid in the past each
specific sector (electricity, thermal energy andbitity) have been analyzed in an independent maniogiay this
approach is no longer possible. Over the years,taelnologies that create links between the varémesgy uses have
been developed. For example systems for Combined &tel Power (CHP) binds electric and thermal wd@ke the
diffusion of Heat Pumps (HP) shifts thermal enecgpsumption to the electricity sector, with possibbntribution of
electricity produced with renewable sources in ttiermal sector. Moreover the important penetratibiRenewable
Energy Sources (RES), in particular Photovoltai¢)(Plants and Wind power plants, determines nevblem in term
of balance of the energy fluxes. Therefore a glgbaispective in which the single energy systemesnsas a
component of a complex macro system is requirean@e and Salza, 2011).

The future development of energy systems will beamdy in the use of more efficient components &thnologies,
but mainly in the perspective of optimizing conjrdistribution and consumption of the various egergctors in an
integrated mode. A fundamental part of this proéedhe development of control strategies thatvallominimization
of inefficiencies and energy waste. In this perfigedt will be of primary importance the developmef methods and
tools for energy planning with the perspective adl mnd long term (Huang et al., 2015) but alsodbeelopment of
provisional instruments for the short and mid t€Andakani et al., 2014). Information about the eatt that govern
the energy demand can determine significant ensayyngs. Accurate models for electric and thernakgr load
forecasting are essential to the operation andhpigrof a utility company. For example, the elagityi generation can
be optimized if the electric load to cover is knowhis is well considered in the literature sinem tyears ago
(Mirasgedis et al., 2006). Until few years ago tlevelopment of the electrical forecasting was itst fo catch on.
This because the energy system was still brokemdbpta its individual sub-parts and the electricamponent was the
most important. But it was also a matter of siniplicln fact the electrical consumption can be vebllided between
working days and weekends and has a low temperdependence. It is a quite stable system and threréfis easier
to describe.

But important advantages connected to the developofegforecasting methods will be obtained in theddf of thermal
energy and natural gas uses too. This becauseedetanalysis of this sector is more recent and mecently
connected with the energy market. Moreover, thenthéenergy is not easily measurable as the eteet@rgy, its time
and inertias are bigger and it presents strongrateprece on external factors. So if methods for gteehergy load and
production forecast are well developed in the ditere, (Sandels et al., 2014) the same cannotildmathe thermal
load, even if some attempts are present in theatitee (Feinberg and Genethliou, 2005) and (Niekseth Madsen,
2006). These concerns both simple cases, likeitiggesfamily houses (Bacher et al., 2013), largalesdistrict energy
system (Powell et al., 2014) or more complex urbgiems (Kwak et al., 2013 and Dirks et al., 2015).

The thermal energy consumption is in direct corinactvith the weather parameters (temperature, hiynidind
speed and solar radiation); but different pararsetiéke the day of the week as well as economic leldavioural
elements, are important too. Considering that iather difficult to manage data directly connecteth the use of
thermal energy, the idea developed in the paptr @alyze the data of consumption of natural gasrder to obtain
from those data support information for the deitimitof a model for thermal energy forecast.

The specific objective of the paper is to analys=natural gas consumption profiles in Italy, cdeging the last four
years and to infer the characteristic patternsuohgrofiles in order to define a short and midntdorecasting method

of natural gas consumption profiles and to obtafarmation about the structure of a forecasting ehod



Considering the strong link observed in Italian kearbetween the natural gas consumption and theolutfeermal
energy, the analysis and clustering of naturaldzda consumption can be really considered as ttstepfieliminary step

for the definition of a model for thermal energydoasting.

2. The problem of forecasting heat load and ther mal energy use

Forecasting is defined as a tool used for predjciiure demand based on past demand informatierstéted in the
previous section, forecasting of energy use idyrealportant for general development of energy pglifor designing
efficient demand response functionalities to adaptenergy suppliers supply strategy to the custdoael as much as
possible and to support the development of enviemtally friendly urban planning, without redundaneo et al.,
2013). Though if modeling of end-use energy congdionpre available in the literature since someyeao, both for
industrial and residential sector, (Schellong, 904idd (Swan and Ugursal, 2009), forecasting ofttle@mal energy
use, mainly in connection with heating purposes iaddstrial processes, appears to be a quite contgik. Heating
load is challenging to forecast as it requiresdasts of weather factors and the knowledge of custdoehaviour.

The customer base generally is divided into thragegories: residential, commercial and industridle demand
characteristics of these three categories diffea isignificant way. The use of thermal energy depeon a lot of
variables, primarily on the weather conditions, dubt of dependent variables can be identifieds¢éhcan be organized
at two different hierarchical levels, as summarizeHig. 1 (Yu et al., 2011).

As stated before, an important amount of the theemargy consumed is caused by the heating of s@dtor, but the
part relating to industrial uses, such as the prtidn of process steam, that is used for a lotrocgsses, is important
too. While the first component can be directly etated to climatic variables (in particular tempera), the second
component is more directly related to the planmfigproduction (day of the week). The topic of thediction of
energy consumption has been widely debated int#rature as there are interests of system opttinizgreduction of
waste energy and of the difference between suppdydemand) and also economic reasons mainly asuét te the
increase number of customers in the free market.

If the approaches for the forecasts of the elattrdemand are quite reliable and well-tested, same cannot be said
for thermal energy uses and heat load. So theam isntire sector of the energy system in whichagglication of
appropriate forecasting tools could be of specitdrest. In general the methods for load forecastdiding thermal
load can be divided into three categories: shontorecasts which are usually from one hour to week, medium
forecasts (from a week to a year) and long-termadasts. Surely the more interesting are the fivettypes. Even if
long-term forecasting is important in order to deficapital expenditure on projects, with supply atemand
fluctuating and the changes of weather conditiam$ energy prices increasing by a factor often orenduring peak
situations, short and mid-term load forecasting \atally important for utilities in order to makeedisions that can
prevent distribution problems. Moreover, in thegperctive of diffusion of deregulated market, heat thermal load
forecasting is also important for contract evaluadi In addition to their type, models can alsodhéded based on
spatial levels in which they operate. At a spdgakl it is possible to work on data that, refegrio different sizes of
groupings, require a different aggregation: sing/lements (buildings, factories, etc.) with a "loewél" aggregation
data; specific sectors or geographic zones (efizeo$ector, educational sector, a specific indaisgector, district,
municipality, single province) with a "mid-level'ggregation data, or considering a macro-zone (nadjiccountry,

state) with a "high-level" aggregation data.



The combination of time and space determines gpetive that can be variable from a systems arsg(ygth general
and strategic perspectives) to an operational petsge (Fig. 2). In order to define a model for #oeecasting of

thermal energy use a clear definition of the systenter analysis and of the objectives have to beéecbout.
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Fig. 1: Possible system indicatorsfor thermal energy consumption

However different perspectives can be also assu@edcerning the use of thermal energy, all mode#dyaed in the
literature can be divided into 3 types: models Hasethe analysis of datatatistical); models based on a more clear
definition of the system and on the physical chimstics of it (Physical-engineering and models that try to
combine the two previously mentioned approachétylftid"). The various models available in the literatdios

forecasting are summarized in Fig. 3.
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2.1 Model based on the analysis of the data (“Stizthl models”)

Statistical models use computational techniqudmtbrelationship between the required data, is t@ise heat load and
thermal energy consumption, and the main variabteshich it is considered dependent (Sughanti eardu$, 2012).
A connection between thermal energy consumptionsamae specific variables (the weather, the dayheiveek, the
user profiles, the trend of economy, the develogmérertain technologies) can be identified. Thedationships are
then used to estimate the thermal load once knawantgies on which it depends.

It is therefore necessary to know the time serieshe variables involved in order to be able toilratte these
relationships. The correlation is defined basingaostatistical analysis of the data. A lot of stital models are
available in the literature. Theeference methddis rather simple and it does not require a propathematical
structure. It contains a database of thermal eneaysumption and the variables on which it depetsving
information on the variables for the day, it simglyarches in the database one day with the vasi@sesimilar as
possible. The load is set to be the same as thindhg database.

The 'regressive modélgepresents a second option: it is supposed Heaetis a link between the objective function

(for example the dependent variabl®,) and the selected variables (independent variables'), as temperature,
humidity or wind speed, dependent on some multiplé . The multipliers are defined by minimizing a carttype of

error with respect to a set of data of calibratiéor simplicity it is usual to use a link of thediar type and the error is

the average quadratic error, so that

Q=f(x,6,6,6) = ¢+ gOx+ glxte (€N
C[nqi,rgzg[Qi-(%WDw 6 %) | 2)

A third interesting group of statistical modelstti®se referred to the category ¢iftie series They are based on the
assumption that the consumer has an inside regaldéern. In practice it is assumed that the obsemaues of a
specific datum will continue in the future if thanse boundary conditions will be observed. Therevar®us types of
time series, depending on the characteristicsefriagnitude under examination. The basic form stssif the models
ARMA (Auto Regressive Moving Averggenodified and expanded in SARM/A¢asonal Auto Regressive Moving
Averagg in the case of series with seasonal patternsM¥R{Auto Regressive Integrated Moving Avenaigethe case
of non-stationary trends and ARMAXA(to Regressive Moving Average with eXogenous )injputhe case of
introduction of dependence on external variablesotAer method belonging to the statistical methisdthe well
known "Neural networks that had a great development in recent yearstn@elez et al., 2014). A neural network
consists of a number of calculation cells, intermsied with each other according to a specificepattEach cell
communicates with the others: it receives datasfaams them using an internal function and theransmits them to
the next cell. Interesting aspects are the ahbititynodel non-linear systems using non-linear irgefanctions and the
ability to self-adapt to the problem. After calibng the weights of the connections over an appatgiset of data, the
variable upon which the consumption depends aré asénput data and as output we get the estimamohsumption.
The models for thermal energy forecasting basetleumral Networks have been brought within the fiefdstatistical
models but may represent an interesting option. Nlearal Networks are very promising in case of exyst rather

stable, like for example the electricity sector ¢slan et al., 2015) and (Anbazhagan and Kumaragga#d). In case of



thermal energy forecasting, the ability of the mdumetwork to reproduce an environment behaviorldccae

counterproductive when the particular situatiofke(particularly cold days) have a fundamental ingace.

2.2 Model based on the physical description ofsystem: “Physical-engineering” models

The models based on a more direct physical degmipf the system and of direct correlation with thutput variables
directly calculate the thermal load and the therevadrgy consumption basing on physical considarat{®andels et
al.,, 2014). In this case, the structure of the usewell defined and the correlation with data, Isas the external
temperature, thermal properties of building envelothe type of generation and distribution systerssent is
introduced. Those models can be quite simple ie ofsingle building or small district, but could bather complex or
based on important simplifications. Anyway they mtit depend on the data time series and they aestaldirectly
calculate the energy consumption. This makes thelmta assess the impact of any improvements dacements in
the environment analyzed. The main physical-engingdound are: "archetypes models" and "modelspdest. The
"archetypes modélsloes not really analyze existing buildings. Tiegke a preliminary analysis to identify the
average values of the quantities that are inteddatéhe calculation, and then use these averagesristruct a dummy
building having those properties. The buildings @astructed as a sort of average buildings o&tka concerned. The
"samples modélsinstead analyze a number of representative gkliof the housing stock. The overall result is
obtained by multiplying the results by appropriatEghts representative of the actual distributibthat building types
in the whole stock. The physical models are sutkty best solution in case of small aggregationl||¢particular
buildings and small districts). However in casecofmplex aggregations (e.g. regional level) theyimga complex
mathematical modeling and a lot of data.

2.3 Hybrid models

Considering the good and bad qualities of the mistpyeviously analyzed, it seems quite clear thrgaad method for
thermal energy forecasting, the strengths of batistically based and physically based models nedd used. A kind
of "hybrid" model, in which a physical descriptiafi the system including end users and applianceshe civil,
industrial and thermoelectricity production sectisrfined with statistical elements or artificiatelligence algorithms
in order to predict the short, mid and long terrergy consumption. Even if a univocal definitiondigficult in this
case, these models are very promising. An intergstkample is the model proposed by (Nielsen andsila 2006) in
which the authors use a physical approach basedeather variables (temperature, wind and radiationpfer the
parameters to be set out in a time series modebngnthe various methodologies analyzed, hybrid fsoseem the

most appropriate to be used in a sector as conggléixe thermal energy system.

3. Thelink between natural gas consumption and ther mal energy use: the Italian case

As previously discussed, while the developmentoédasting method for electricity can be basedvailable data of
consumption and electricity load, the same appreacimot be used for the thermal energy.

For a country like Italy, the maximum amount of yyeused consists of electricity (the mix and sgadistribution of
generation technologies, transmission, and digdidhy and natural gas (production, transmissiostritiution, and
storage).

Italy, a country with more than 60 million of inH&nts, is one of the main consumers of naturalvgésn European

Union after UK and Germany. Natural gas is widetiliaed in Italy for different purposes such as guotion of energy



for heating demand using small, medium and largéesoilers, industrial processes, generation asiiential other
activities, in particular heating, cooking and sanyi water production.

The customer base generally is divided into fouegaries: residential, commercial, industrial, aldctric power
generation. Some important drivers like the uspatfiral gas for thermal energy production and thigechigh number
of combined cycle power plants have modified theéitional cyclical demand of natural gas.

Another important factor is the cost and the atidlity of natural gas, which is itself related taany political and
economical factors, many times not fully predicéaldlhe analysis of the drivers of natural gas comion is currently
object of research, as suggested by a recent p@pitaser et al. 2014, Szoplik, 2015), but it ieaft that in a particular
country like Italy, the use of thermal energy usthie most important driver.

Furthermore forecasting of natural gas consumgtasmbeen already considered in the literaturegxample by (Sabo
et al, 2011) and (Soldo, 2012) with a general pmpe. An interesting analysis of the mathematiablels that can
be applied for natural gas consumption forecassiragso available in Vitullo et al. (2009).

Numerous researchers and practitioners have amblyg@us issues and focused on developing ap@tepmodels for
natrural gas demand forecasting with referencgéaific countries of different size and growth tierike China (Li et
al., 2011), Turkey (Sarak and Satman, 2003; Erdog@L0 and Taspinar et al., 2013), Iran (Forouzagifal., 2010),
Bangladesh (Wadud et al., 2011). Prognostic modefsider calendar-(weekday, daytime, month, seasemgther-
related (temperature, humidity, sunshine, wind dpé&ctors, as well as demographic and econongimifa and each
country has a specific behaviour.

The residential and non residential consumptionatfiral gas in Italy has been analyzed in thedlitee in two papers
(Bianco et al. 2014). They proposed a model todase residential and non-residential consumptiomaifiral gas;
consumption drivers are identified and discussetianingle equation demand model is identified. Wany the object
of the two papers is the obtainment of long terenscio and the effect of economic drivers is cog®d of primary
importance. It is important to remark that the neatmn of the natural gas wholesale and retail mi@rkogether with a
technological review of current smart energy pcaediis a key step to accomplish an optimal eneogsumption
pattern, to avoid energy wastes and to implemenistainable energy system. In this vision smarersdhstalled at
the utility endpoints to monitor usage could beraportant component of the smart grid. As discuseetie previous
section, high resolutions automated meter readystem for residential use monitoring, which canused to record
gas consumption for each appliance have been gleguerimentally tested, even if in most cases #eynot yet in
the commercial development phase (Tewolde et QL3P Research on smart meters appears to bestiterdrom a
technological point of view, but the development application of smart metering is a particularmplex task
mainly for aspects related to data treatment amghzonications.

The true challenge and difficult task in the fiedfl smart meters’ development, which also occurghim use of
Automatic Meter ReadinAMR) devices, appears to be the fact that momipenergy usage data poses privacy risks
that might not be easy to solve (Nist, 2010 andffeo@l., 2012). On the other hand, fine-grainedrgy consumption
data collected by AMR could reveal sensitive infatimn coming from home (number of occupants, vaesndtypical
energy usage, etc.). While there is a general csusethat energy monitoring devices can be an dpity to “provide
consumers with a more comprehensive and nuancegtstadding of their usage pattefpghe only real perspective of
considering demand side management is the gaslomitoring (Kerr and Tondro, 2012). In this casereif there has
recently been a lot of research in this topic (Tielvoet al., 2013) and the italian distributors wezgquired to install
Smart Gas Meters (SGMs) at 100% of all non-domestiecsumers’ premises by the end of 2012 and at 80%
domestic consumers’ premises by the end of 20160@itelnuovo and Fumagalli, 2013), the availabitifydata is

limited to integral data.



Natural gas has been used since the ‘70s to sd#isfmeeds of many commercial and residential ubecsighout the
world through a huge and complex network. Demamchédural gas has traditionally been cyclical, dyrfpllowing
the characteristic seasonal patterns. As a coneequé¢he cyclical nature of the demand was usethénpast to
accurately predict the required natural gas: denveams highest during the coldest months in wintet lavest during
the warmest months of the year in summer; alsaregtdcorrelation with average medium environmetgahperature
could be observed. In addition, until a few yeags,dhe connection between gas and electricityoseatas marginal.
Things began to change at the beginning of the, ‘9@ n the commercial development of combined cydeer
plants led to a shift towards the use of natural fga the generation of electricity as well. Thadha strong impact on
the traditional cyclical gas demand. As a furthemplication to this scenario, in the last few yethmsre has been a
consistent increase in the penetration of inteemttrenewable energy production, particularly inrttdes like Italy,
Denmark and Germany. In turn, this has implied ties is being used as a back-up for electricitdpeton when
renewables are not available (e.g., to back-upr séats at night time), thus contributing to tightthe connections
between gas and electricity. The significant pextigtn of RES in electricity production has imposgecific logic to
the consumption of natural gas in thermoelectrantd, mainly natural gas combined cycle power plafihe topic is
discussed by one of the author in (Franco and S2xh1). Due to the particular development in tBea@d 90s of
thermal energy systems based on the use of najaslltaly represents a particular case where seeoti thermal

energy for heating purposes could be correlatel thi consumption of natural gas

3.1 Database definition

For the ltalian case, daily gas flows are availdbben the database of national network for natgad distribution
(SNAM Rete Gas): for the aim of the present analydie data referred to the last four years 201152tave been
considered. The data are of public domain andaa#adble on the website.

It is important to remark that in those four yearsinly between 2012 and 2014, Italy has beendsted by an
important development of renewable energy systePg Vind, Bioenergy). Both the use of heat pumpd ah
thermal energy systems based on biomass has rgetylincreased. As additional element, it is polgsto observe
that in 2013 and 2014 the effect of economic chisis influenced the consumption of natural gashabthe year 2012
must be the last year in which it is exactly cléhe connection between thermal energy use and alagas
consumption. The weather is represented by an aeahge temperature, obtained from a specifidodat (Il Meteo)
considering the daily average temperatures of gferdnt towns in Italy, that are well representatiof the various
climatic conditions of the country (two in the rfgriTorino and Trento, two in the center, Roma aimernZe and two in
the south, Bari and Palermo).

The natural gas consumption data are representeggregated form and in the three main customeipoosnts (gas
for thermoelectric plants, gas for industrial secamd gas for civil-residential sector). The effeft season is
represented by an average daily value of the temyrer. Fig. 4 shows the strong fluctuation of thtural gas demand,
expressed in Mi(1 Mn® =10° m®), taking into separate account the two main ssawbuse: gas for heating and gas

for thermoelectricity production.
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Fig. 4. Consumption of natural gasin Italy in 2012

As can be seen in Fig. 4, gas for heating variesdignificant fashion depending on the time ofytear (cold vs. warm
seasons); on the other hand, gas for thermoeliggtriemains of the same order of magnitude over ytbar, and
fluctuates according to other dynamics (e.g., wepklkterns).

However, even if it is not trivial to predict acetely the evolution of natural gas demand, thedtrehnatural gas
consumption analyzed in Fig. 4 for the year 2012 lma evidenced with some quantitative differencethé following

three years, 2013, 2014 and 2015, as reportedys bi7. To appreciate the quantitative differeradated to different
extreme weather conditions and some other evolsititen limit data (maximum and minimum values ofunalt gas

consumption) observed in the various sectors arepgd in Table 1.
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Table 1. Maximum and minimum values of the natural gas consumption in the period 2012-2015 (datain Mm®)

2012 2013 2014 2015

Min. M ax. Min. M ax. Min. M ax. Min. M ax.

Ther moelectricity 35,7 - 113« 29.7 - 86.2 272 - 74.¢ 30.1 - 101.¢
Dates (11/11) - (7/02 (29/06) - (27/02 | (15/08) - (14/01 | (24/05) - (21/07

Industrial sector 17.0 - 49t 164 - 46. 189 - 44 7 18.3 - 47.7
Dates (15/08) - (14/02 (15/08) - (26/11 | (15/08) - (4/02 (15/08) - (27/01

Civil sector 170 - 302.¢ 171 - 238.¢ 19.0 - 226.2 17.3 - 217.
Dates (15/08) - (6/02 (15/08) - (11/02 | (15/08) - (31/12 | (15/08) - (9/2)

Total 83.6 - 459.¢ 71.6 - 359.% 66.0 - 355.2 829 - 339.7

Dates (15/08) - (6/02 (15/08) - (11/2 | (15/08) - (17/LC (15/08) - (3/2)

While natural gas consumption in thermoelectric poplants is linked to the electricity market, hesm it is directly

referred to the electricity generated in gas fuepewer plants and it is not directly dependenttenneed for thermal
energy use, the other components have major ctiarld&esidential consumption of natural gas iedained by the
demand for heating, sanitary water and cookinglif@s in residential buildings. In this case thaimconsumption
drivers are represented by external temperaturthetheating season, population and buildings cheniatics (i.e.

insulation, facilities, etc.). Non-residential natligas consumption represents the usage of nagamlrelated to
economic activities and services (i.e. offices,pmsh@tc.). Concerning natural gas consumed iimthestrial sector (i.e.
manufacturing, food, construction, etc.) it is nhainsed in production processes, even though atautied share
difficult to estimate is also utilized for heatipgrposes (i.e. heating of very large industrialdogs).

As observed in Fig. 4 for the year 2012, it is jllesto appreciate the clear link between an aweragtside
temperature and the natural gas consumption. Bunfluence of other elements, like the day ofwleek (in particular
the difference between working days and holidagsnot be neglected. The civilian/urbane consump$idhe share of
gas flowing in the network that is used to heatdivé sector (residential and tertiary). By makiag initial clustering
of the data between the various sector, analyziegtitend of the civilian consumption during the ryé@ig. 8) it is

possible to clearly identify the dependence of sticture of the demand not only on the level & thutside

temperature.
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3.2. General analysis of the data

The most significant factor for modelling naturasgconsumption is temperature, since most gaseid fs space
heating. Gas consumption versus average tempefaturaividual days is plotted in Fig. 8.

By visual analysis of the data it is possible togwse two clusters related to two different metlewioal seasons: the
“cold” season (starting from the middle of Octobed ending at the end of April) in which the natgas consumption
can be clearly linked to the average external teatpee and the “warm” season (from May to middlelatober), in

which the consumption is not particularly influedd®y the outdoor temperature.

Considering the problem on a quantitative perspecii is possible to state that when temperaturescald, as

temperature increases, gas consumption decreasasnearly linear way, although once the ambientptature

reaches approximately 15 degrees consumption lefel®nce the average temperature reaches ameetmiperature,

space heating no longer occurs; consumption larelsiear some constant value known as base load.

The data reported in Fig. 8, expressing the nayaaldaily consumption in the civil sector for théh day, expressed

in Mm®, can be approximately described by an exponefutimition of the temperature T, of the type:
y =A |]3)(p (-o']:l-[,avg } (3)

where k. is the average temperature for the k-th day espbén °C and A is a constant (in the case analjaed
example A = 320-330). It is also possible to rdfee total consumption with reference to the degtags with a
function of the type

Y = B+ K(Tref 'Tavg) Tk,avg2 Tref (4)
Y, = B T, <T

k,avg ref

where B is a basic consumption value (for examp8®35 Mni) and K is a coefficient defining the correlation
between the consumption and the difference betweesurrent value of the average temperature andia beference

temperature (e.g..& = 15 °C). In the case under analysis the valu¢ cdn be between 17.5 and 18).
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Fig. 8. Link between total natural gas consumption and aver age temperaturein civil/residential sector
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But analyzing in a more careful way the aggregataigh of natural gas consumption it can be alsoegwied that the
gas consumption data, both in the “cold” seasoniarttie “warm” season rely on the specific typetted day, e.g.,
working days, vs. holidays, vs. pre-holidays, tweeks of August. In general the gas consumptionmaller on

Saturdays (due to the fact that some activitidsg bffices, schools and commercial activities desead) and even

smaller on Sundays. This suggests that the loadldlhe clustered according to two or three additiamtusters.

4. Analysisand clustering of natural gas consumption data: research of peculiar patternsand general elements
Classification and clustering of time series dateecognized as an important area of researchniergg data both
considering demand and production. Clustering seferthe ability to aggregate data with similar refe¢eristics; the
basic clustering operation corresponds to taket afsa given number n afbjects and/or data and group them ikto
clusters.

A good clustering method has predictive powerhis tase: clusters can be used to predict futeraltof the data, for
example concerning energy consumption. Moreovestets allow compressing a great number of inforomainto a
single or a reduced number of information. In &ddiclusters permits to identify the “outliers’ei, the cases in which
clusters fail to accurately represent particulatad@he objective of this section is to proposesfie clustering of
natural gas consumption data. Analyzing natural gassumption data, the seasonality effects condewith the
average temperature can be clearly observed witkitdg higher consumption in winter, lower valuesautumn and
spring and the lowest values in summer. But anatyzhe data it is also interesting to distinguitle tvarious
components of natural gas consumption, in partia@ferred to industrial load, civil/residentiabl and thermoelectric
load and the correlation with the temperature iedint in the three cases. Also, three main typkEsnergy
consumption users can be identified. The first trpejority of users) is characterised by the domestnsumers.

The second type of consumers is characterisedébtettiary activities, having a quasi-flat consuimptprofile during

the day. Finally, the third type involves industiae of natural gas, both for thermal energy aheérandustrial uses.

4.1 Analysis of the different sectors

Concerning the residential use of natural gasati@ysis of the consumption data shows that ittmmainly referred
to seasonality pattern: this as can be evidencetthdwgtrong link with the average external tempgegtmainly when
the temperature is below 15 °C. However diffepmafiles in different days of the week can be asmenced. Weekly
consumption variation is significant and particlylasisible as a decrease in weekend consumptiothfosame weather
conditions. It can be easily seen by visual inspection thatinahigas consumption data rely on the specific typthe
day, e.g., working days, vs. holidays, vs. pretmlgl Clearly, the consumption is smaller on Satysddue to the fact
that some activities (like offices and schools) @osed and even smaller on Sundays (a lot of cawialectivities are
closed too). This suggests that the load can hiegpinto three clusters corresponding to thegatg of the day of the
week (e.g., working days, Saturdays and Sundaysjase of industrial users, by classifying loadstonption into two
categories (working days and holidays), it is palssio identify two clusters while the natural gasmsumption appears
to be less connected with the outside temperatnethe other hand, visual inspection of the aggeshjaatural gas
consumption data concerning the civil sector, reggtbin Fig. 9, suggests that the consumption, feek defined value
of the outside temperature is different dependimgvbether the day is a working day or not. Butdhference between
the two types of days is less remarkable thannfdustrial sector.

More generally, it is possible to recognise whethajiven datum belongs to a holiday (i.e., Sundaysther Italian

holidays), to a working day, or to a pre-holidayitWthe term preholidays it is defined the set afusdays, the days
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within two holidays when most offices are closedd @ahe working days during conventional Italian swen and
Christmas holidays (i.e., the two weeks in the rd@daf August, around 15 and the two weeks betweletis@nas and
January 6). Fig. 9 and 10 provides the link betwtendaily consumption of natural gas and the aemutside
temperature in the weekdays (Fig. 9) and duringhallother days of the year, a total of 112 dayg. (F0), grouping
preholidays, holidays and special days, accordintpe detailed description reported in Table 2is'Knd of analysis

can be carried proposed for the other three yaatsruanalysis, without modifying the perspective.
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Table 2. Working days (W), preholidays (P), holidays (H) during the year 2012 in Italy.
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The data on the horizontal axis represents thergssgye number of the day in accordance with trserijgtion of Fig.
8, including all holidays, pre-holidays, workingydaand special days in Italy in the 2012 calen@amsidering the
aggregated data analyzed, a multiplicative modemnseto be the useful in order to predict the nageia consumption

in the civil sector in Italy. The mathematical farkation will be the following:

C(1) = F(d(®),f(w(®))+ R(t) (5)

where C(t) is the actual consumption at time 1, id(the day of the week, F(d) is the daily compun®/(t) is a function

of the weather data that include temperature, hityréghd wind chill, f(w) is the weather functiomd@R(t) is a term of
correction (random). This last term reflects fommple the fact that thermal energy uses dependsmigton the

current weather conditions but also on the weatlheng the previous days. In particular specialditons occur when
the cold weather continues for several days or veheold day arrives after some “hot” days.

Analysing the consumption of natural gas refereétiustrial sector (Fig. 11), it is possible tadmnce the reduced
dependence on the temperature and a most impanuence of the particular days of the week. Intioalar a

remarkable difference between working days andlags can be clearly evidenced.
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Elasticity values with respect to the temperatusgehbeen estimated, for the natural gas consumptiondustrial
sector. The next figures permit a quantitative ysial of the results. Fig. 12 reports the link betwethe daily
consumption and the temperature in the weekdayse Wwig. 13 and 14 provide the same data for theethdifferent
types of days: pre-holidays and holidays (excludipgcial holidays).

As it can be evidenced from the various figuresrghis a basic consumption level and an additianaunt directly
linked to the temperature. It is possible to codelthis analysis putting in evidence that if in tase of natural gas
consumption in the civil/residential sector, thekliwith weather conditions and temperature is tyeavident (the
difference between the minimum level is remarkagEng from 20-30 Mmfor each day up to 300 Mhfor each day
in the coldest period of the year), the industsidtor appears to be different. As it can be ewddrrom the analysis
of the three following figures, a minimum level 20 MnT for each day is consumed in each day of the yelite an

additional amount of maximum 30 Mrfor each day can be related to the temperatureaatied day of the week.
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Fig. 14. Daily natural gas consumption trend in industrial sector in the preholidays

Analyzing the data of natural gas consumption m itidustrial sector, for the modelization an additmodel can be

proposed for the detailed description: this takesfollowing form as the function of four compongnt

C=C,+C,+C,+G (6)

where Cis the total consumption,,@epresents the “baseload” component, which is afsstandardized load shapes
for each “type” of day that has been identifiedoasurring throughout the year,,@epresents the weather sensitive
part, G is a special day component that determines a sufstaleviation from the usual load pattern angi€a

completely random term.

4.2. Discussion and use of the analysis for themnargy use forecasting

The analysis of the aggregated data of naturabgasumption is interesting in itself but it alseriits, if it is joined
with meteo-data, to obtain information about the afthermal energy and for defining a model foorslidaily) and
mid term (weekly) forecasting. In principle, coreithg the analysis of the particular Italian casseems that both for
natural gas consumption (strongly linked to therrtied energy end uses) and for thermal energy usgeieral, a
combination of end-use model and econometric meaielbe proposed as the more appropriate one.

The end-use approach directly estimates energyuogption by using extensive information on end ws®s$ end users.
For example end-use models focus on the various afsthermal energy in the residential, commer@alj industrial
sector. Concerning the civil/residential sectoferimations about sizes of houses, appliances, mstases, and so on,
are required. Statistical information about custaraong with dynamics of change is another additi@lement for
the forecast. In general, weather conditions imfieein maximum part both the load and the natuaal @pnsumption.
The accuracy of load forecasting depends not onlyhe techniques, but also on the accuracy of é&sted weather
data. Time factors including the period of the yead the day of the week (mainly the day type) iangrinciple the
hour of the day are quite important too. Whilesitéally difficult to elaborate hourly models, dsserved analyzing the
natural gas consumption data, some remarkablergiffes can be evidenced between weekdays and vasekeainly
in the industrial sector and less in the civil/desitial sector. For this reason, a combination dditave and
multiplicative models can be used in order to dewed model for thermal energy use and heat loagc&sting. In
addition, economic factors such as per capita imsoamd employment levels can influence the nagasiconsumption

and the thermal energy use. For example naturgbigeess can be included in econometric models.
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5. Conclusions

This paper reports a detailed analysis of the ahggas consumption in the Italian market basinghendata of the last
four years. Considering the particular link ofrthal energy use and natural gas consumption iy tked work can be
considered as a first step of the developmentmethod for the forecast of thermal energy use odaplex system.
The analysis is focused on a specific objectivearialyze and describe the structure of the datattaid connection
with physical and statistical elements. Among ttlie season of the year, a given day in the weeleKday,
preholidays and holidays) and the various custaratgories (civil/residential, industrial and theatectric).

The natural gas consumption data referred to oae afe analyzed, organized and opportunely clubtefde analysis
provides interesting information concerning thettef natural gas consumption data.

In particular, the natural gas consumption in giggidential, that represents the main compongntd65% of the total
consumption in the coldest days of the year) apptabe strongly connected with the outside tenmpegaand at low
level with the day of the week.

In particular, the link between natural gas constmmpdata and the weather conditions, mainly regresd by an
average value of the outside temperature, is aedlykhe particular value that can be considereal lasver boundary
limit is 15 °C. The reduction of consumption iretbivil/residential sector during in the holiday@ncbe estimated in
the amount of 9-12 Mirduring the coldest period.

The natural gas consumption in the industrial semppears to be only partially connected with #aperature while a
meaningful connection with the day of the week amparticular with the holidays can be evidenced:afiation up to
30% can be evidenced with absolute values of 15.MInsidering that a maximum of daily consumptifiess than
48 MnT has been observed in 2015, it possible to undetdtee quantitative meaning of the variation coteedo the
holidays. The additional amount connected to thermtioelectric production is more difficult to be ealered: a
variation between about 30 Mrand over 100 Mrhcan be evidenced even if a clear connection witareal elements
is difficult in this case.

The analysis appears to be particularly informafimethe Italian market but the methodological agmh can be
extended to other countries. Some of the indicat@mming from this work can furnish an importansibaelement as a
first step for the development of a model for thaerenergy forecasting, conceived for the definitidrihermal energy

use consumption in complex and largely extendedggreystems.
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Highlights

1) A preliminary analysis about forecasting thermal energy usesis developed

2) The data of consumption of natural gasin Italy are analyzed and clustered

3) Natural gas consumption data are organized according to different customer profiles

4) The research of some peculiar patterns natural gas consumption data is provided

5) Physical, statistical elements and main features for clustering of the gas data are included



