
Numerical modelling of the thermal energy demand in Italian households through statistical data 

Matteo Caldera1*, Giovanni Puglisi1, Fabio Zanghirella1, Paola Ungaro2, Giuliano Cammarata3  

1 ENEA (Italian National Agency for New Technologies, Energy and Sustainable Economic Development), via Anguillarese 

301, 00123 Roma, Italy 
2 ISTAT (Italian National Institute of Statistics), viale Oceano Pacifico 171, 00144 Roma, Italy  
3 Università degli Studi di Catania, piazza Università 2, 95125 Catania, Italy  

Corresponding Author Email: matteo.caldera@enea.it 

https://doi.org/10.18280/ijht.360201 ABSTRACT 

Received: 13 October 2017 

Accepted: 10 April 2018 

The availability of reliable and up-to-date data on energy uses and consumption is a key aspect 

in order to achieve the goals set out by European Directives on energy efficiency, and to 

monitor the effectiveness of energy policies supporting buildings’ retrofit actions. In such a 

context, a numerical model, implemented in Excel® and Matlab®, was developed in order to 

determine the energy consumption for space heating, domestic hot water and cooking in 

households, based on a statistical dataset of 20,000 records collected in a survey on the energy 

consumption of Italian families carried out by the National Institute of Statistics (ISTAT). The 

space heating model is based on the definition of classes of dwelling-types, while the energy 

use for DHW and cooking are calculated on a record-by-record basis according to a Standard-

based approach. The present paper presents the results of a refined version of the model, in 

particular the calibration of relevant parameters accounted for the secondary equipment for 

space heating, resulting in improvements in the reliability for the allocation of the fuel 

consumption among the end-uses. The refinement and validation of the model are still in 

progress, since they are functional for the assessment of the energy consumption of households 

in the period between two subsequent surveys.  
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1. INTRODUCTION

European policies encourage solutions for the reduction of 

the energy demand and the improvement of energy efficiency 

in the residential sector, which covers by itself around 30% of 

the total primary energy demand. In Italy, current Laws [1-2] 

provide financial incentives for energy retrofit measures 

addressed both to the envelope and to the energy system. They 

are mainly in the form of tax deduction covering part of the 

investment costs (from 65% up to 75% for common parts of 

block of flats) and accorded in ten years, or of capital grant 

covering variable quotas of the investment costs and given in 

two to five years. Just a few numbers, taken from ENEA’s 

Annual report on energy efficiency [3], which demonstrate the 

performance of these incentives: the mechanism “Ecobonus” 

(i.e. tax deductions) financed around one million of retrofit 

interventions during the period 2014-2016, and in the last year, 

it activated 3.3 Billion Euro of investments mainly for the 

replacement of windows (50%) and of heating systems (20%), 

and for the installation of solar shadings (12%). Moreover, the 

incentive “Conto Termico” (i.e. capital grant), which 

addresses to the improvement of the energy efficiency and the 

use of renewables for thermal energy production, registered in 

2016 an increase +80% of requests with respect of 2015. 

In such a context, the availability of reliable and up-to-date 

data on energy uses and consumption is a key aspect in order 

to achieve the goals set out by Directives and to monitor the 

effectiveness of energy policies supporting buildings’ retrofit 

actions. In response to these needs, the Regulation 

EC/1099/2008 of the European Parliament and of the Council 

of 22 October 2008 on energy statistics, and the amending 

Commission Regulation EU/431/2014 of 24 April 2014 on 

energy statistics require Member States to provide data on the 

annual energy consumption of households for final destination 

and energy source. 

In Italy, the National Institute of statistics (ISTAT), in 

collaboration with the National Agency for energy and 

sustainable economic development (ENEA) and the Ministry 

for the economic development (MiSE), carried out a survey on 

households’ energy consumption to comply the obligation. 

The survey was conducted in 2013 on a representative sample 

of 20,000 households and provided information on the 

consumption habits, the characteristics and types of plant, and 

on the energy expenditures of Italian households specified by 

energy carrier. These data provide a comprehensive overview 

of the residential sector in the National energy context and 

represent an official background for the development of future 

energy strategies addressed to domestic users.  

The assessments of the energy savings potential and of the 

impact of public energy policies aimed at retrofitting existing 

buildings are complex tasks. Energy consumption and 

potential energy savings depend not only on the objective 

characteristics of the building and of the thermal equipment, 

but also on the occupants’ behaviour [4-5], and on urban and 

socio-economic variables [6]. 

Many models and software are currently available for the 

evaluation of the energy performance and the cost-optimal 

analysis of existing dwellings, also intended for energy audits, 

but they generally perform detailed simulations of single 

buildings on an hourly basis [7] and therefore they are time-
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consuming and not suitable for large-scale scenarios. 

Approaches based on statistical data are more effective in 

evaluating the energy consumption on an urban, regional or 

national scale. They can consider building typologies, the so-

called building types that is a reference building for an entire 

building category [8]. Alternatively, representative building 

samples employ a group of buildings instead of a single 

reference dwelling, in order to represent the whole category by 

accounting for the heterogeneous characteristics of the various 

cases. On the other hand, statistical analyses of a robust 

reference dataset or hybrid deterministic-statistical models can 

be considered to find simplified correlations for the 

assessment of the energy demand [9]. 

The availability of accurate data and their level of detail and 

aggregation play a fundamental role in the implementation and 

calibration of energy models, which can be used not only to 

evaluate the observed energy consumption on different spatial 

and temporal scales but also to make predictions, e.g. based on 

a historical dataset and on forecasting data [10-11]. 

The present paper describes the results of a refined model, 

implemented in Excel® and Matlab®, aimed at determining the 

energy consumption for space heating, domestic hot water 

(DHW) and cooking in the Italian residential sector, based on 

the dataset from ISTAT survey. The results were obtained 

from the updated version of a numerical tool, which was 

presented at the AIGE-IIETA Conference 2017. The space 

heating model relied on the definition of classes of dwelling-

types, by accounting for the geometrical and thermo-physical 

properties of the dwellings. The energy consumption for DHW 

and cooking were calculated on a record-by-record basis 

according to a Standard-based approach. In the current version 

of the tool, the calibration of relevant parameters specifically 

used for DHW and cooking accounted for secondary 

equipment for space heating, resulting in improvements for the 

allocation of the fuel consumption among the end-uses. The 

refinement and validation of the model are still in progress, 

since they are functional for the assessment of the energy 

consumption of households in the period between two 

subsequent surveys. 

 

 

2. METHODOLOGY  
 

The numerical tool consisted of two sets of models for the 

estimation of the energy demand in the residential sector: one 

set for the space heating and the other for DHW and cooking 

uses. The input data were obtained from the ISTAT survey. 

The models, which were described in [12], were revised and 

updated. In particular, the secondary equipment for space 

heating has been accounted for the selection of the records 

required by the calibration of relevant parameters. For each 

end use, a three-dimensional matrix was created in order to 

allocate the fuel and the type of system (centralised, 

independent, local appliances for space heating and DHW, 

ovens and hobs for cooking) for the complete dataset on a 

record-by-record basis, regardless of the primary or auxiliary 

function. 

Moreover, the revision of the model included the automated 

algorithm for the congruity check of the dataset, the algorithm 

for the calculation of the actual occupation of the apartment by 

the family members during the reference year, the algorithm 

for DHW production, and new reference prices for natural gas 

and LPG based on regional data instead of national averages. 

The most important features of the updated models are 

summarised below. 

 

2.1 Space heating  

 

Keeping in mind the objectives of the activity, the 

methodology selected for the space heating model was a 

compromise between the type and level of detail of the 

information provided by the survey, and the level of 

complexity required by the simulations. These constraints led 

to the definition of classes of dwelling-types; the national 

residential building stock was subdivided into twenty classes 

of dwellings, summarized in Table. The classification of the 

dwelling-types accounted for the: 

 - Year of construction: before 1950, 1950-1969, 1970-

1989, after 1990; 

 - Type of dwelling: single-family house, multi-family 

house, ground floor apartment, middle floor apartment and top 

floor apartment. 

The core of the space heating model relied on the equivalent 

resistance-capacitance model R5C1 described in [13] and 

based on the European standard EN ISO 13790 [14], and it was 

implemented in Excel®. 

 

Table 1. Dwelling type classes for the space heating model 

 
Type of 

Dwelling * 

Construction period 

Before 1950 1950-’69 1970-’89 After 1990 

SFH DTC1 DTC6 DTC11 DTC16 

MFH DTC2 DTC7 DTC12 DTC17 

GFA DTC3 DTC8 DTC13 DTC18 

MFA DTC4 DTC9 DTC14 DTC19 

TFA DTC5 DTC10 DTC15 DTC20 
* Note. SFH: single-family house; MFH: multi-family house; GFA: ground 

floor apartment; MFA: middle floor apartment; TFA: top floor apartment. 
 

The main information obtained by the survey were: 

- Characteristics of the envelope of the building, for the 

definition of the classes of dwelling-types; 

- Characteristics of the primary heating systems, for the 

estimation of the global seasonal efficiencies; 

- Hours of operation of the heating systems, for the reduction 

factor for intermittent heating; 

- Energy expenditure for the fuel, for the model validation. 

The model estimated the energy consumption for space 

heating through the following steps: 

1. Calculation of the thermal energy demand under 

continuous operation of each dwelling-type in five climatic 

zones; 

2. Calculation, for each dwelling-type class in each climatic 

zone, of the reduction factor for intermittent operation, 

based on the average number of hours per day when the 

heating system was turned on; 

3. Assumption of reference values for the global efficiency of 

the different types of heating plant, for each dwelling-type 

class in each climatic zone; 

4. Calculation of the primary energy demand under 

intermittent operation, for each dwelling-type class in each 

climatic zone; 

5. Estimation of the total annual energy consumption for 

space heating for each dwelling-type class on a national 

basis. 

In order to perform the calculations for each climatic zone, 

the weather data (temperature, radiation and humidity) 

referred to the main town whose heating degree-days (HDD) 

was “barycentric” with respect to the HDD in each climatic 
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zone. 

 

2.2 Domestic hot water 

 

The model was implemented in Matlab®, and analysed the 

energy consumption for DHW production for each single 

household of the survey by means of a Standard-based 

approach. Moreover, the relevant parameters were obtained 

from the analysis of the state of the art, BATs and a market 

survey of domestic equipment. 

Two options were available for the calculation of the energy 

demand for DHW: either according to the number of 

occupants or to the floor area of the apartment. The average 

daily hot water demand was estimated according to the Italian 

Standard UNI 9182 [15] in the former case, and according to 

Standard UNI/TS 11300:2 [16] in the latter case. In the present 

context, the approach based on the number of occupants was 

followed, and the annual DHW net energy demand was 

calculated with the following relation: 

 

=
occ

occwoccwwrDHW dTVcKQ ,
 (1) 

 

where: 

- Kr is a correction factor provided by [15], which accounted 

for the number of rooms in the apartment; 

- cw is the thermal capacity of water, i.e. 1.162·10-3 

kWh/kg/K; 

- Vw,occ is the average daily hot water demand per capita (in 

litres); 

- ΔTw = 25°C is the temperature difference of water, i.e. the 

supply temperature was set to 40°C while mains were set to 

15°C; 

- docc is the number of days in a year of occupation of the 

apartment by each component of the family. 

If solar collectors for DHW production were available, the 

annual contribution of solar thermal was estimated by 

considering the number of solar collectors and the typical 

design solar fractions for DHW, and it was deducted from the 

net energy demand.  

The model accounted only for the main/primary DHW 

heating system, as secondary DHW system were sporadic 

(present in just 3.3% of the records of the survey). The 

equipment efficiencies were determined according to the 

reference values reported in [16-17], as a function of the fuel, 

of the age and type of the system (local boiler, independent or 

centralised system). 

As anticipated, new features were added in the current 

version of the model, in order to refine its accuracy. In 

particular, heat loss coefficients were associated to the 

presence of thermal energy storages and of recirculation 

piping. DHW recirculation was accounted in centralised 

systems installed after 1990 and in independent systems 

installed after 2000. The absence of water recirculation in the 

older systems was accounted by an extra hot water demand. 

 

2.3 Cooking 

 

Similarly, the model for cooking was implemented in 

Matlab® and calculated the energy consumption for each 

single record by means of a Standard-based approach. 

Moreover, the relevant parameters were obtained from the 

analysis of the state of the art, BATs and a market survey of 

domestic appliances. In agreement with Eurostat guidelines 

[18] only ovens and hobs were considered, since small 

appliances (e.g. microwave ovens, kettles, coffee makers and 

toasters) generally have a sporadic or limited use. Energy 

consumption was correlated to the number of occupants, 

corrected in order to account for periods spent away. 

The theoretical basis of the model was obtained from the 

European Commission Regulations on Ecodesign 

requirements [19-20], and Standard EN 60350 [21] on 

methods for measuring the performance of household electric 

cooking appliances. ISTAT survey provided the type of fuel, 

the usage frequency of ovens and hobs, and the classes of age 

and size for the ovens. 

The energy consumption of a single cycle (ECoven) for 

electrical and gas-fired ovens was calculated with the 

following formula [19]:  

 

100

EEI
SECECoven =  (3) 

 

where EEI is the energy efficiency index of the ovens in a 

single cycle, while SEC is the standard energy consumption 

required to heat up a normalized load during a cycle, which 

depended on the energy source and was calculated according 

to one of the following relations: 

- Electrical ovens (in kWh):  

 

SEC = 0.0042×V +0.55 (4) 

 

- Gas fired ovens (in MJ): 

 

 = 0.0440 3.53SEC V +  (5) 

 

where V is the volume of the cavity, extrapolated from the 

classes provided by the ISTAT survey: small (assumed equal 

to 40 L), medium (54 L), and large (65 L). As for the other 

fuels, no data were available from the survey, hence ovens 

fueled with gas or LPG were assumed with V = 65 L based on 

a market analysis. The SEC for LPG ovens was calculated with 

the formula (5) as well. 

 

 

Source: ENEA elaborations of Gfk data from [22] 

 

Figure 1. Energy efficiency index of ovens 

 

The index EEI, which defined the energy efficiency class of 

the ovens according to the European classification [19], was 

estimated according to the age; as shown in Figure 1, an EEI 

value was calculated for each year, according to the weighted 

average of the energy efficiency classes of ovens sold in that 

year. Data related to the sales of ovens according to the energy 

labelling in the Italian market up to 2009 were taken from Gfk 

database, as reported in [22], while the extrapolation for the 
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following years was based on a market survey [23]. 

Eq. (3) to (5) refer to a normalized cooking cycle, which 

was considered equivalent to the energy demand of two 

occupants. The annual energy consumption was then 

calculated by multiplying the energy demand times the 

average weekly usage frequency of the oven provided by the 

survey. 

A slightly different model was used for the hobs, because 

no historical sales data were available. The energy 

consumption of a single cooking cycle EChob was calculated as 

the ratio between the energy demand EDhob, i.e. the theoretic 

minimum energy in a single cooking cycle, and the average 

hob efficiency εhob:  

 

 = hob
hob

hob

ED
EC


 (6) 

 

Normalised tests, which include heating up and keeping the 

temperature for a defined period, were considered 

representative of a typical household cooking process [21]. As 

described in the results, the average mass load per cooking 

cycle was determined in order to minimise the median 

deviation between the data from the survey and the results of 

the model. While EDhob was assumed independent of the fuel 

(it refers to a normalised load), the efficiency depended on the 

hob type. Missing the data on the specific technology (e.g. 

electrical resistance, radiant, induction), electrical hobs were 

assumed inductive; a market analysis showed that induction 

hobs represented the majority of electrical units and the most 

efficient category. Reference efficiency depended on the type 

of fuel, and these values were selected [24-25]: 

- Electrical: 74%;  

- Natural gas: 40%; 

- LPG: 45%; 

- Biomass: 14%.  

According to Annex I of [20] and to a market analysis [23], 

the normalised energy consumption (EChob) for induction hobs 

was assumed equal to 230 Wh/kg. Therefore, according to Eq. 

(6), it was possible to calculate the energy demand (EDhob) 

and, finally, the energy consumption for the other fuels. 

Hence, the annual energy consumption of the hobs was 

obtained by multiplying the energy demand per cycle times the 

number of occupants’ times the average weekly usage 

frequency and the actual occupation period of each person. 

 

2.4 Calibration of the model 

 

As described in the previous sections, the results of the 

model for DHW and cooking depended on some parameters, 

which provided average information on the energy uses of 

Italian families. The calibration of such parameters was done 

by comparing the results of the model with the energy 

consumption calculated for each household from the 

expenditures of the last 12 months obtained from the ISTAT 

survey. In the selected records, the fuel was used only for a 

specific end-use (e.g. only for cooking), in order to avoid 

approximations associated with the extrapolation of the energy 

consumption of the other end-uses. Therefore, it was not 

possible to consider electricity, because electrical appliances, 

lighting and space cooling strongly affect the electrical bill. 

The ongoing activity on the model is addressing to this issue, 

and the next versions will include electrical appliances and 

space cooling in order to extend the validation related to all 

domestic end-uses. 

The calibration consisted in a single-parameter tuning for 

each end-use. The selected parameters were the average load 

per cycle of the hobs for cooking (i.e. the mass of water heated 

up according to a Standard test procedure [21]), and the 

average daily hot water demand per capita for DHW 

production. These parameters depended mainly on the 

occupants’ behavior; therefore, the values obtained with the 

selected fuel were applied also to the other fuels with an 

acceptable approximation. 

The preliminary step consisted in converting into energy 

values the expenditures collected by the survey. As mentioned 

above, the survey provided the annual costs from the bill of the 

main fuels in the last 12 months between the second semester 

of 2012 and the second semester of 2013, without distinction 

of the type of end-use. Therefore, it was necessary to select 

proper average end prices of the fuels for that period and for 

the domestic market. The current version of the numerical 

code calculated the average prices per kilowatt-hour of natural 

gas and LPG on a regional scale, which was an improvement 

of the average national prices used in.  

As regards natural gas, the final price with tax was 

determined with reference to the economic conditions of the 

protected market set by the Italian National Authority 

(AEEGSI) [26], by considering the variable network 

component, the regional surtax and the excise duty for each 

Region. The calculation of the energy consumption of gas in 

terms of kilowatt-hour accounted for the ranges of gas 

consumption defined by AEEGSI, and for a lower heating 

value LHV = 9.59 kWh/Sm3 (since the system efficiencies 

referred to the LHV). 

 

 

Source: ENEA elaborations of data obtained from the database of list prices 
of oil products of selected provincial Chambers of commerce in Italy 

 

Figure 2. Regional list prices of LPG delivered in tanks up to 

15 kg in the residential market 

 

As regards LPG, there is not a National Authority that 

regulates the prices, similarly to natural gas; instead, the 

provincial Chambers of commerce collect the list prices 

communicated by local distributors twice per month. In the 

context of the present study, the price of LPG was obtained for 

each Region from a province that was selected based on the 

population (very few data were found on the local sales of 

LPG, therefore population was used as the reference criteria). 

Two delivery methods were considered: LPG sold in tanks up 

to 15 kg, which is a common solution for cooking, and LPG 

sold in bulk for tanks up to 5,000 L, which is a more common 

option for space heating and DHW. The average domestic list 

prices for tanks up to 15 kg are depicted in Figure 2, which 

shows both the variability (boxplots) and the medians (red line 

inside the boxes) during years 2012 – 2013. The average price 

for LPG sold in bulk was about 18% higher, mainly because 
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tax (i.e. VAT) was higher (even if there were remarkable 

differences from province to province). According to personal 

communications with operators in the market of the LPG 

distribution, discounts of 10% and 25% to the list prices were 

applied to LPG in tanks up to 15 kg and to LPG sold in bulk, 

respectively.  

As regards the other fuels, the following average prices with 

tax were used: 14.5 cent€/kWh for diesel oil (elaboration of 

data taken from MiSE), 4.46 cent€/kWh for wood logs and 

6.38 cent€/kWh for wood pellets (from a market survey) 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Main outcomes from the survey 

 

ISTAT survey on energy consumption of households 

represented the basic source of input data for the model. The 

statistical analysis revealed that in 2013 Italian families spent 

over 42 billion Euros for the energy bill, with an average 

expense per family of 1,635 Euros. Figure 3 summarises the 

average actual expenditures of Italian families for energy-

related products, calculated as the ratio between the gross costs 

in the last 12 months and the number of families that purchased 

the fuel. Diesel oil registered the highest average gross 

expense per family, while LPG the lowest. On a territorial 

level, the expenses were 30% higher in Northern than in 

Southern Italy (with a difference of about 400 Euros per 

family). The average cost increased with the number of 

occupants and the age, even if there was no direct 

proportionality with these quantities.  

The main fuel for space heating and DHW was natural gas, 

used by more than 70% of the families. As summarised in 

Table 2 (that refers only to the main heating systems), 

biomass, LPG and electricity were more common with 

portable or fixed appliances, while diesel oil was still used in 

more than 11% of centralised space heating systems. The 

independent heating system was the most common type, both 

for space heating (in 66% of the families) and for DHW (74% 

of the families).  

Local heating appliances were more common in Southern 

Italy (31% for space heating and 29% for DHW), while 

centralised heating systems were used above all in North-

western Italy (31% for space heating and 10% for DHW), 

mainly because of the colder winter season in these regions. 

The majority of families (65%) used the same heat generator 

both for space heating and for DHW. Secondary DHW 

systems were sporadic; hence, they were not considered in the 

model. 

Biomass was used by a significant part of the population; 

more than 20% families used wood logs, with an average 

annual consumption of 3.2 ton, while pellets were limited to 

4.1%. As expected, the wood consumption was higher in the 

mountain municipalities (above 40% of the families). 

The space heating systems were turned on every day during 

the heating season in 87% of the families, but with significant 

local differences (98% in Bolzano, 62% in Sicily). 

As regards cooking appliances, in the statistical dataset 

ovens and hobs were available in 93% and 99% of the 

households, respectively. According to the fuel, 14% of the 

ovens used natural gas, 81% electrical energy, 4% LPG and 1 

% biomass (wood log or pellets), while 73% of the hobs 

used natural gas, 4% electricity, 22% LPG and less than 1% 

biomass. More details of the results of the ISTAT survey can 

be found in [28]. 

 
Source: Istat Survey on energy consumption of households – 2013 

* Note. Data for wood logs refer only to the purchased quota; they do not 
consider the self-produced quantities. 

 

Figure 3. Average actual expenditures in a year of Italian 

families for energy products 

 

Table 2. Families (percent) by type of fuel and typology of 

the main heating system, both for space heating and DHW 

 

 
* Note. Kerosene included 

Source: Istat Survey on energy consumption of households - 2013 

 

3.2 Model calibration and results 

 

As detailed in the Methodology, the calibration of the model 

was aimed at finding the proper average values of the relevant 

parameters for DHW and cooking. In fact, the models should 

be able to estimate the energy consumption of households 

between two subsequent surveys. In order to achieve this 

objective, the survey data was used to calibrate the following 

parameters, which strongly affected the users’ consumption 

and were directly related to their daily needs: the average daily 

hot water demand for DHW, and the average load per cycle of 

the hobs for cooking. 

The percent deviation between the model and the survey 

was calculated on a record-by-record basis according to the 

following formula (subscript m and s refer to the model and to 

the survey, respectively): 

 

 =  100s m

m

EC EC
EC

EC

−
     (7) 

 

The calibration was divided into three steps. In the first step, 

only cooking was considered: the calculated energy 

consumption was compared with the records of the ISTAT 

survey in which each fuel was used only for cooking, in order 

Centralised Independent
"Fixed" 

appliances

"Portable" 

apppliances
Total

Natural gas 83.8 86.5 6.1 70.9

Electricity 1.4 0.4 17.7 54.2 5.1

Biomass 0.7 4.8 73.9 14.5

LPG 2.5 5.3 2.3 45.8 * 5.8

Diesel oil 11.6 3.0 3.7

Centralised Independent Total

Natural gas 80.8 83.9 71.9

Electricity 2.3 0.9 14.4

Biomass 1.5 2.7 2.4

LPG 4.4 8.6 7.6

Diesel oil 10.7 2.9 2.9

Solar Thermal 0.1 1.0 0.7

66.8

1.6

5.0

0.6

Space heating

Domestic hot water

Local boilers

26.0
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to avoid approximations related to space heating and DHW, 

which would involve uncertainties comparable to the target 

variable (i.e. the energy consumption for cooking). From a 

statistical point of view, the robustness of the estimates 

depended on the sample size associated with the specific end-

uses. The sample size associated to each fuel led to select LPG 

as the reference fuel for this analysis, because the number of 

records where LPG was used exclusively for cooking 

(considering also secondary equipment for space heating) was 

the most representative. In fact, as summarised in Table 3, 

LPG was used exclusively for cooking in 2,165 records (that 

is 49% of the records using LPG for cooking), much larger 

than natural gas (657 over 14,450 that is 4.6%). As regards 

biomass, the number of records that could be used was too 

small for reliable results, i.e. only six records corresponding to 

3.6% of the 168 records were biomass was used for cooking. 

Therefore, the average load per cycle of the hobs – expressed 

in terms of kg of water heated up according to the standard test 

procedure – was determined for LPG by minimising the 

median deviation between the selected data from the survey 

and the model. The result was 1.86 kg of water per capita, and 

it was applied to the other fuels as well, because it depended 

mainly on the user behavior and much less significantly to the 

fuel. Figure summarises the relative deviation of the model 

from the statistical “actual” data related to the annual energy 

consumption for cooking. 

The boxplots represent the interquartile ranges while the 

(red) intermediate lines represent the median for each 

distribution. Moreover, the notches below and above the 

median display the variability of the median between samples. 

The width of a notch is computed so that box plots whose 

notches do not overlap have different medians at the 5% 

significance level. The significance level is based on a normal 

distribution assumption, but comparisons of medians are 

reasonably robust for other distributions. Whiskers extend 

from each end of the box to the adjacent values in the data; by 

default, the most extreme values are within 1.5 times the 

interquartile range from the ends of the box. Outliers 

(displayed with a red + sign) are data with values beyond the 

ends of the whiskers [25]. 

As shown by the width of the box in Figure 4, the model for 

cooking consumption fitted quite well with records associated 

with LPG. Instead, higher deviations were found for natural 

gas, since both the median and the width of the box were 

sensibly higher: the model underestimated to half the natural 

gas consumption obtained from the survey. This result may be 

largely due to the lower robustness of the data sample related 

to this fuel (the comparison was made on 4.6% of the records, 

which used natural gas only for cooking), which may increase 

the probability to consider record with incomplete 

information. In particular, some records were characterised by 

energy consumptions unusually high for cooking only, i.e. 

above 5,000 kWh/y per capita. As regards biomass, the median 

deviation of 0% (i.e. model in line with the survey data) was a 

good result; nevertheless, the minimal data sample (only six 

records) did not allow guaranteeing adequate reliability for 

this fuel. It is important to emphasise that no standard test 

procedure and benchmark were found for domestic biomass 

appliances, consequently the assumptions done could be very 

approximate. Moreover, biomass appliances are used also for 

space heating, hence the relative contribution is difficult to 

extrapolate and quantify. 

In the next step, the daily hot water demand per capita was 

tuned on the records where each fuel was used only for DHW 

production. As reported in Table, LPG had the highest data 

sample, with 172 records, while biomass had the lowest 

representativeness, with only 13 records. Therefore, LPG was 

used also for the calibration of the DHW model, which 

resulted in an average daily hot water demand of 60 L per 

capita, which was between the demand prescribed by UNI 

9182 for social housing (40 - 50 L) and for middle class 

housing (70 - 80 L). The deviations obtained for each fuel are 

depicted in Figure 5, which shows that similar considerations 

outlined for cooking were also valid for DHW. In this case, the 

median deviation for natural gas and biomass increased to 63% 

and 86%, respectively. The high relative deviation between the 

survey and the model for these fuels was largely due to the 

lower robustness of the estimates determined by the small data 

sample associated to DHW uses. 

Table 3. Available number of records where each fuel was 

associated exclusively to a specific end-use 

Fuel* Cooking DHW 
Cooking 

+ DHW 

Natural gas 
657 (4.6%) 43 (0.3%) 

1151 

(7.6%) 

LPG 2165 

(49.0%) 

172 

(9.5%) 

2745 

(58.3%) 

Diesel oil 
n/a 

93 

(10.1%) 

93 

(10.1%) 
* Note. The small data sample associated with biomass for dedicated 
end-uses was not adequate for a reliable calibration as regards this 

fuel. 

 

 
 

Figure 4. Relative difference survey vs. model for cooking 

 

 
 

Figure 5. Relative difference survey vs. model for DHW 

 

The effectiveness of the tuned values of the selected 

parameters was checked in the last step of the calibration, by 

considering all the records in which a fuel was used either for 

DHW or for cooking, or for both uses. A shown in Figure 6, 

the selected values confirmed good results for LPG (median 

deviation was limited to -7.8%, i.e. the model slightly 

overestimated the energy consumption), while they improved 
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the median deviation with natural gas and biomass, i.e. 47% 

and 31% respectively. Unfortunately, the calibration was 

unsuccessful for diesel oil, because the selected daily hot water 

demand underestimated, on an average, by a factor of four the 

selected data sample (diesel is not used for cooking). The 

reasons of such large discrepancies must be found in the small 

data sample (only 93 records), but also in some inconsistencies 

of the statistical data for diesel oil, e.g. costs of the bill 

approximate or provided in a (large) range of values. 

Moreover, some data suggested that this fuel was indicated in 

the dataset only for DHW but actually it could be used also for 

space heating. 

 

 
 

Figure 6. Relative difference survey vs. model for records 

using a fuel exclusively for DHW or cooking 

 

Table 4. Average (median) annual consumption (kWh/y) for 

DHW and cooking calculated by the model 

 
Fuel Family Per capita 

  Cooking DHW Cooking DHW 

Nat. gas 1086 2399 543 1120 

LPG 1049 2515 483 936 

Diesel  n/a 3054 n/a 1258 

Biomass 4267 4638 1585 1633 

Average 1229 2399 578 1080 

 

The average annual consumptions for DHW and cooking 

calculated by the model for each family and per capita level 

are summarised in Table. The results related to DHW were 

obtained with the global seasonal efficiencies calculated on the 

basis of reference values taken from [16-17], leading to the 

values summarised in Figure 7. As described in the 

Methodology, generation efficiencies depended on the age, the 

type and the fuel of the system. Similarly, distribution losses 

depended on the age and the type of the system. In the last 

version of the model, the absence of recirculation in 

centralised and independent DHW systems was associated 

with an increase of 20% of hot water supply, while on the other 

side the presence of recirculation was associated with a 20% 

increase in the distribution loss. Moreover, the presence of 

thermal energy storages was accounted by a thermal loss of 

10%. If solar collectors were available for DHW production, 

the model assumed an average annual solar fraction of 50% 

(or up to 75% according to the total collector area) of the net 

energy demand for hot water. 

Regardless of the fuel, the average (median) annual energy 

consumption for cooking calculated by the model was: 

- 1,229 kWh (i.e. 3.37 kWh/day) for the average family unit; 

- 578 kWh (i.e. 1.58 kWh/day) per person; 

- 1,086 kWh for the hobs; 

Therefore, the energy demand calculated for the hobs was 

almost one order of magnitude higher than ovens, thus 

explaining why the average mass load per cycle of the hobs 

was selected for the calibration of the model for cooking uses. 

156 kWh for the ovens. 

 

 
 

Figure 7. Average calculated DHW seasonal global 

efficiency  

 

These results were compared with the benchmarks found in 

the literature. According to edition 2008 of part 2 of the Italian 

technical specification UNI/TS 11300, the daily energy 

consumption for domestic cooking would be:  

- 4 kWh, for dwellings up to 50 m2 of floor area; 

- 5 kWh, between 50 m2 and 120 m2; 

- 6 kWh, above 120 m2 of floor area. 

Moreover, in the district of Turin in North-Western Italy, 

the annual energy consumption for cooking uses was 

estimated around 350 kWh per capita by the authors of [29]. 

As regards the annual energy consumption of single 

appliances, some benchmarks were found in [30]: electrical 

hobs (with a total burner heating rate of 3 kW and an average 

daily use of 45 minutes) consume around 1,100 kWh/year, 

while electrical ovens consume from 65 kWh to 100 kWh per 

year. It is worth to highlight that the energy demand is greatly 

influenced by the user behaviour, which affects the usage 

frequency and length of the cooking cycles. 

The average annual energy consumption per floor area for 

space heating and for each dwelling-type class on a national 

basis is summarised from Table 5 to Table 8. Regardless of the 

fuel, the energy consumption per area increased with the age 

and decreased for the dwellings with smaller external surfaces 

(apartments and middle floor apartment in particular). In 

addition to the thermo-physical and geometrical properties, the 

space heating demand was significantly influenced by the 

geographical distribution, the climatic zones and by the 

number of hours of operation of the heating system. 

 

Table 5. Average annual consumption per floor area 

(kWh/m2/y) for space heating with natural gas 

 
Type of 

dwelling 

Construction period 

Before 1950 1950-’69 1970-’89 After 1990 

SFH 263 229 151 145 

MFH 246 215 144 136 

GFA 163 114 91 97 

MFA 73 58 35 34 

TFA 136 92 79 80 

 

Regarding the space heating consumption, the comparison 

between the survey and the results of the model, summarized 

in Table 9, showed that the model underestimated the energy 

consumption for natural gas of about 20% and slightly 

overestimated the consumption of diesel oil (about 10%), 
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whereas larger differences were found for the other fuels. 

These values were obtained by comparing the results of the 

model with the records of the survey were each fuel was used 

only in the primary space heating system. 

 

Table 6. Average annual consumption per floor area 

(kWh/m2/y) for space heating with LPG 

 
Type of 

dwelling 

Construction period 

Before 1950 1950-’69 1970-’89 After 1990 

SFH 247 178 110 118 

MFH 241 222 101 106 

GFA 119 67 53 69 

MFA 47 33 23 19 

TFA 82 49 39 45 

 

Table 7. Average annual consumption per floor area 

(kWh/m2/y) for space heating with diesel oil 

 
Type of 

dwelling 

Construction period 

Before 1950 1950-’69 1970-’89 After 1990 

SFH 328 274 184 198 

MFH 307 277 198 199 

GFA 212 127 122 153 

MFA 108 70 40 45 

TFA 158 132 99 175 

 

Table 8. Average annual consumption per floor area 

(kWh/m2/y) for space heating with biomass 

 
Type of 

dwelling 

Construction period 

Before 1950 1950-’69 1970-’89 After 1990 

SFH 331 255 162 166 

MFH 296 237 157 173 

GFA 252 161 112 141 

MFA 125 80 49 54 

TFA 189 137 112 126 

 

Table 9. Average (median) space heating consumption 

(kWh/y), and cumulative difference of the survey vs. Model 

 

Fuel Survey Model Difference 

Nat. gas 9552 7934 20.4% 

LPG 1197 3710 -67.7% 

Diesel oil 7586 8456 -10.3% 

Biomass 11100 17933 -38.1% 

 

Further analysis is required in order to evaluate the reasons 

of such differences, which can be mainly attributed to the 

following factors: 

- The space heating model allocated all the consumption to 

the fuel used in the main/primary heating system, since the 

data collected in the survey for secondary heating systems 

were not as detailed as required to directly assess their energy 

consumption; 

- The uncertainty associated with the estimation of the 

energy consumption from the expenditures obtained from the 

survey; 

- The approximations made in the estimation of the thermo-

physical characteristics of the dwelling-type classes (i.e. 

opaque envelope type, transparent envelope type, thermal 

capacitance) were obtained on a national basis, whereas there 

can be significant differences at regional and local levels; 

- The assumptions made for the HDD; in particular, each 

climatic zone was represented by a reference location. 

On an aggregate level at national level, the calculated 

energy consumption for space heating, DHW and cooking 

slightly overestimated the energy consumption for natural gas 

(of about 6%), which was the most representative fuel in the 

residential sector since it was used by approximately 70% of 

the Italian families according to the survey. The 

overestimations for the other fuels varied between approx. 22% 

(LPG) and 35% (biomass), as reported in Table 10. Contrary 

to the comparisons related to the single end-uses described 

before, the aggregate results were compared on the whole 

dataset of the survey, regardless of the end-use and without 

distinctions on the type of system and between primary or 

secondary heating systems. 

Figure 8 shows the quota of each end-use calculated by the 

models on a national level; biomass and diesel oil were mostly 

used for space heating, with quota exceeding 91% and 87%, 

respectively, while LPG registered larger quotas for DHW 

(19%) and cooking (22%). As regards natural gas, space 

heating covered 74% of the total consumption, followed by 

DHW (16%) and cooking (10%).  

 

Table 10. Median of the aggregate energy consumption 

(kWh/y) without distinction of the end-use, and difference 

survey vs. Model 

 

Fuel Survey Model Difference [%] 

Natural 

gas 9553 10161 -6.1 

LPG 1340 1718 -22.0 

Diesel oil 8965 10851 -17.4 

Biomass 12950 19962 -35.1 

 

 
 

Figure 8. Calculated allocation of the energy consumption 

according to the fuel and the end-use 

 

 

4. CONCLUSIONS 

 

The numerical tool described in the present paper was 

aimed at determining the energy consumption for space 

heating, domestic hot water and cooking in households, based 

on a statistical dataset of 20,000 records collected in a survey 

on the energy consumption of Italian families carried out by 

the National Institute of Statistics. The energy consumption for 

space heating was based on the definition of dwelling-type 

classes and calculated with the equivalent resistance-

capacitance model of the European standard EN ISO 13790. 

The energy consumption for DHW and cooking was modeled 

using a Standard-based approach, and results were compared 

on a record-by-record basis on the ISTAT survey. 
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The current version of the numerical code was refined with 

new features, starting from an updated automated algorithm 

for the congruity check of the statistical dataset. Moreover, the 

presence of hot water recirculation and of storage tanks were 

included in the model for DHW and new reference prices for 

natural gas and LPG were based on regional data instead of 

national averages. The selection of the records for the 

calibration of the relevant parameters in order to estimate the 

energy consumption for DHW and cooking was refined by 

accounting for the presence of secondary space heating 

equipment. 

From a statistical point of view, the robustness of the model 

calibration depended on the sample size associated with the 

specific end-uses. For this reason, LPG was selected as the 

reference fuel, because the number of records where LPG was 

used exclusively for cooking or DHW was the most 

representative. The deviation between the model and the 

survey provided acceptable results for LPG and, to a minor 

degree, for natural gas and biomass, mainly because of the 

small data sample associated to the specific end-uses.  

As regards space heating, the model showed promising 

results as far as natural gas and diesel oil were concerned. The 

main reasons of the deviations depended on the fact that the 

space heating model allocated all the consumption to the fuel 

used in the primary heating system, and also to the 

approximations underlying the dwelling-type classes, and the 

assumptions made on the heating degree-days.  

The energy consumptions were calculated for each fuel and 

end-use. As regards the aggregate energy consumption on a 

national basis, the model slightly overestimated (about 6%) the 

natural gas consumption, which was used by approx. 70% of 

the Italian families according to the ISTAT survey. The 

overestimations for the other fuels varied between approx. 22% 

for LPG and 35% for biomass. 

Biomass and diesel oil were mostly used for space heating, 

while LPG registered larger consumption fractions for DHW 

and cooking. As regards natural gas, space heating covered 74% 

of the total consumption, then DHW (16%) and cooking 

(10%). 

The refinement and validation of the model are still in 

progress, since they are functional for the assessment of the 

energy consumption of households in the period between two 

subsequent surveys. Future works will focus on extending the 

validation of the model on the electrical equipment, and on 

addressing to the issues related to the space heating model. 
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NOMENCLATURE 

 

c thermal capacity, kJ/kg-1/K-1 

EC energy consumption, kWh 

ED energy demand, kWh 

EEI energy efficiency index, % 

HDD heating degree days 

n number of persons 

Q thermal energy, kWh 

S floor surface, m2 

SEC standard energy consumption, kWh or MJ 

T temperature, K 

V volume, m3 

 

Greek symbols 

 

 

ε efficiency 

 

Subscripts 

 

 

apt apartment 

m model 

occ occupants/persons 

s survey 

w water 

 

Abbreviations and acronyms 

 

DTC 

GFA 

dwelling-type class 

ground floor apartment 

MFA middle floor apartment 

MFH multi-family house 

SFH single-family house 

TFA top floor apartment 
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