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ABSTRACT

European and national policies have encouraged the investigation of solutions for the reduction of the energy
demand and the improvement of energy efficiency. In particular, in the residential sector the knowledge of
actual energy uses represents a key aspect in order to achieve the goals set by European Directives. In such a
context, a numerical model, implemented in Excel® and Matlab®, was developed in order to assess the energy
consumption for space heating, DHW and cooking in the residential sector, based on a statistical dataset
including 20,000 records that was collected by ISTAT in the context of a survey on the energy consumption of
Italian families during year 2013. The space heating model is based on the definition and evaluation of classes
of dwelling-types, function of the geometrical and thermo-physical properties of the dwellings and of the
occupants’ uses. The energy consumption for DHW and cooking are calculated on a record per record basis
according to a Standard-based approach. The present study describes the methodology and the main results of
the model, which have been compared with the data of the ISTAT survey for each energy use and type of fuel.
A detailed validation of the model is currently carried out based on the ISTAT survey.
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INTRODUCTION

The regulation (EC) No 1099/2008 of the European
Parliament and of the Council of 22 October 2008 on energy
statistics, and the amending Commission Regulation (EU) No
431/2014 of 24 April 2014 on energy statistics impose an
obligation on Member States to provide annual data on energy
consumption of households for final destination and energy
source.

ISTAT, in collaboration with ENEA and MiSE (Italian
Ministry of Economic Development) carried out a survey on
household’s energy consumption [1] to comply the obligation.

The survey was conducted in 2013 on a representative
sample of 20,000 households and provided information on
characteristics, consumption habits, types of plant and energy
costs of Italian households, specified by energy product
(primary energy sources and energy carriers) and end-use
(heating, cooling, domestic hot water, cooking, lighting and
electrical equipment) as requested by European regulation.

In such a context a methodology, based on numerical
models implemented in Excel® and Matlab®, was developed
in order to assess the energy consumption for space heating,
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DHW and cooking in the residential sector, based on a
statistical dataset from the survey.

Furthermore, this methodology will be used in the activity
ENEA-ISTAT to estimate the energy consumption of
households for the years between two subsequent surveys.

2. METHODOLOGY

The proposed methodology consists of a model to estimate
the energy consumption for space heating, and a model for
DHW and cooking uses.

The model for space heating is based on the equivalent
resistance-capacitance model proposed in the European
standard EN ISO 13790 [2] and was implemented in Excel®.
The input of the model was obtained by the processing of the
provided statistical data from the ISTAT 2013 survey [1] and
on the identification of dwelling type classes, summarized in
Table 1, to represent the Italian residential building stock.




Table 1. Dwelling type classes for the space heating model

Type of Year of built
dwelling Before 1950- 1970- From
1950 1969 1989 1990
S. F. House DTC1 DTC6 DTC11 DTC16
'L’I'“'“f' DTC2 DTC7  DTC12  DTC17
ouse
Gr. FI. Apt. DTC3 DTCS8 DTC13 DTC18
Mid. FI. Apt. DTC4 DTC9 DTC14 DTC19
Top FI. Apt DTC5 DTC10 DTC15 DTC20

Note. S.F. House: single family house; Multif. House: multifamily house; Gr.
FL. Apt.: ground floor apartment; Mid. Fl. Apt.: middle floor apartment; Top
FL. Apt.: top floor apartment.

The numerical model for the determination of the energy
consumption for domestic DHW and cooking uses was
implemented in the Matlab® environment with a Standard-
based approach. The input was obtained from the ISTAT 2013
survey [1]. Moreover, most parameters were taken from the
analysis of the state of the art, BATs and a market survey of
domestic appliances. The model for domestic DHW
production and cooking calculate the energy consumption on
a record per record basis. Energy consumption was considered
proportional to the number of occupants, corrected in order to
account for periods spent away from the home. Therefore, the
annual occupation frequency was equal to one for occupants
usually living in their home, and less than one for occupants
who spent a continuous or cyclic period somewhere else.

2.1 Model for space heating energy consumption

The estimation of the energy consumption for space heating
is divided by the model in different stages:

a) calculation of the thermal energy demand, in continuous
heating mode, of each dwelling-type in the different
climatic zones;
calculation, for each dwelling-type class in each climatic
zone, of the reduction factor for intermittent heating,
based on the average number of daily hours during which
the heating system is switched on;
assumption of the efficiency of the different types of
plant for each dwelling-type class in each climatic zone;
calculation of the primary energy demand, in intermittent
heating mode, for each dwelling-type class in each
climatic zone;
estimation of the total annual energy product
consumption for space heating for each dwelling-type
class on a national basis.

The main information provided by the ISTAT 2013 survey

and used for the space heating consumption estimation

methodology were:
. dwelling characteristics;

characteristics of the heating systems;

frequency of use of the heating systems;

energy cost by energy product.

The classification of the dwellings was chosen as a function
of:

b)

year of construction: before 1950, 1950-1969, 1970-
1989, from 1990;
type of dwelling: single family house, multi-family
house, ground floor apartment, middle floor
apartment and top floor apartment.

To perform the calculations in each climatic zone, the input
weather data (temperature, radiation and humidity) adopted
for the simulations were those of the main town whose degree
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days are "barycentric" with respect to the degree days interval
of the climatic zone.

For further details on the space heating model, a detailed
description can be found in [3].

2.2 Model for the DHW production

The energy use for DHW production was estimated either
according to the number of occupants or, alternatively, to the
floor surface of the apartment. In the former case, the average
daily hot water demand per capita was estimated according to
the Ttalian Standard UNI 9182 [4], and calibrated on the
records of the survey where LPG was used for DHW and/or
for cooking, as described hereafter. In the latter case, the daily
how water demand was assessed as a function of the floor
surface of the apartment, using a correlation provided by
UNI/TS 11300:2 [5]. In both approaches, the energy demand
was calculated with a supply temperature of 40°C and a mains
water temperature of 15°C.

According to the selected approach, the annual DHW
energy demand Opuw was calculated as follows:

- User-based:

()

*

where K; is a correction factor provided by [4] which accounts
for the number of rooms in the apartment, 7" is the number
of occupants corrected in order to consider the actual
frequency of occupation in a year, ¢, is the thermal capacity
of water (1.162-10° kWh/(kg K) ), V.o (in litres) is the
average daily hot water demand per capita, AT,, = 25°C is the
temperature difference of water, and 365 are the days in a year.
- Floor surface based:

)

Qphw = Cw XVW,apt x ATy x 365

where Vy ap (in litres) is the average daily hot water demand of
the apartment calculated on the useful floor surface of the
apartment Sap according to the following linear correlation
with parameters a and b taken from [5] :

=axS,, +b

Vi (3)

In case solar collectors were installed for DHW production,
the annual contribution of solar thermal was estimated by
considering the number of solar collectors and the typical
design fractions of the DHW loads supplied by solar energy,
and it was subtracted from the DHW energy demand in order
to estimate the quota supplied by fossil fuels.

The equipment efficiencies were determined according to
[5]-[6], as a function of the age and type of the system (stand-
alone, independent vs. centralised), and on the fuel.

2.3 Model for cooking uses

The assessment of the cooking annual energy consumption
included domestic ovens and hobs. In agreement with Eurostat
guidelines [7], auxiliary appliances as microwave ovens,
kettles, coffee makers and toasters were not considered,
because their use is generally sporadic or limited.

The theoretical basis of the model was found in the EC
Regulations No. 65/2014 [8] and 66/2014 [9] on Ecodesign



requirements, and Standard EN 60350-2 [9] on methods for
measuring the performance of household electric cooking
appliances. ISTAT survey provided the type of fuel and the
use frequency of ovens and hobs. Additional data available for
ovens were the age (regardless of the fuel) and the size (only
for electrical ovens), i.e. small, medium or large.

The energy consumption of a single cooking cycle of
electrical and gas-fired ovens was calculated starting from the
energy consumption to heat up a normalized load in a single
cycle (ECoven), according to [8]:

“4)

SECcavity
ECcavity = EEIcavity 100

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
depends on the energy source and was calculated according to
one of the following relations [8]:

- for electrical ovens (in kWh):

SECeaviy = 0.0042xV +0.55 (5)
- for gas fired ovens (in MJ):
SEC = 0.0440xV +3.53 (6)

In the previous formulas, ¥ is the volume of the oven cavity,
extrapolated from the classes provided by the ISTAT survey:
small (assumed 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 same formula of natural gas.

The index EEI, which defines the energy efficiency class of
the ovens according to the European classification [8], was
estimated on the age of the ovens, i.e. an average EEI value
was calculated for each year, weighted on the energy
efficiency classes of ovens sold in that year [10]-[11].

Eq. (4) to (6) refer to a normalized cooking cycle, which the
model considered equivalent to the energy demand of two
occupants. Moreover, the model assumed the energy demand
proportional to the couples of occupants in each record.
Therefore, it was possible to estimate the annual energy
consumption by multiplying the energy demand of all the
occupants in a single cycle times the average weekly use
frequency of the oven.

A slightly different model was used for the hobs, because
no historical data on sales units based on energy efficiency
classes were available — hobs were sold without energy labels
before 2010. The energy consumption of a single cooking
cycle ECno, was calculated as the ratio between the energy
demand EDhop (theoretic minimum energy in a single cooking
cycle) and the average hob efficiency enop:

ED

— hob

EChob

()

Ehob

Normalised tests, which include heating up and keeping the
temperature for a defined period, represent a typical household
cooking process, as stated in [9]. As will be described in the
next section, the average mass load per cooking cycle was
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determined in order to minimise the median deviation between
the data from the survey and the results of the model. While
EDyo, was assumed independent of the fuel (it refers to a
normalised load), the efficiency depends on the hob type.
Missing the information on the specific technology (e.g.
electrical resistance, radiant, induction), electrical hobs were
assumed inductive; a market analysis showed that induction
hobs currently represents the majority of electrical units sold
and the most efficient category, with an estimated average
efficiency enobele = 74%. Reference values for the other types
of hobs used in the model were: €nob,gas = 40% for natural gas,
€hob,Ipe = 0% for LPG and €nob pio = 10% for biomass hobs [12]-
[13].

According to Annex I of EC Regulation No. 66/2014 [9] and
to a market analysis [11], the normalised energy consumption
for induction hobs was assumed EChobele = 230 Wh/kg.
Therefore, according to Eq. (7), it was possible to calculate the
energy demand EDho and, finally, the energy consumption for
the other fuels. Moreover, a direct proportionality between the
average load per cooking cycle and the equivalent number of
occupants was considered.

Similar to the ovens, the annual energy consumption was
calculated by multiplying the energy demand per cycle of the
occupants times the average weekly use frequency of the hobs.

3. RESULTS AND DISCUSSION
3.1 Statistical analysis

The statistical analysis on the ISTAT data showed that the
family units in the dataset had a number of components
variable between 1 and 12, with an average of 2.63
components per family. In 6.6% of the occurrences at least one
component spent away a period of the year.
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Figure 1. Global efficiency of the DHW systems

As regards cooking appliances, ovens and hobs were present
in 93.0% and 98.8% of the records, respectively. If classified
according to the fuel, 14.1% of the ovens used natural gas, 80.8%
electrical energy, 4.6% LPG and 0.6% biomass (wood log or
pellets), while 73% of the hobs used natural gas, 4.4%
electricity, 22.2% LPG and 0.4% biomass. On the other side,
the main/unique DHW systems can be divided according to
the type: centralised (6.8%), independent (75.8%), local
(17.5%), and according to the fuel, mainly represented by
natural gas (68.2%), diesel oil (4.6%), LPG (9.1%), electrical
(12.6%) and biomass (4.1%). Secondary DHW systems were
sporadic; hence, they were neglected in the model. The global



efficiencies of the DHW systems depend of the age, type and
fuel of the system, and were calculated according to [5]-[6],
figure 1.

As far as the space heating model is concerned, the data of
the ISTAT survey have been used for the definition of the
characteristics of the dwelling-type classes, of the heating
plant efficiencies for each dwelling-type class, for the
reduction factor for intermittent heating, as described in §2.1
and detailed in [3].

3.2 Calibration of the model

The calibration of the model was initially done for cooking
uses: the energy consumption was compared with the records
of the ISTAT survey where the fuel was used specifically for
cooking, in order to avoid approximations due to the
extrapolation of the energy consumptions for space heating
and DHW. In fact, data disaggregation would involve
uncertainties of the same order of magnitude of the energy
consumption for cooking. It was not possible to perform such
comparison for electricity because the current version of the
model does not consider electrical appliances, lighting and
space cooling. Moreover, the calibration of the energy model
for cooking considered only appliances fueled with LPG,
because the number of records where LPG was used
exclusively for cooking was statistically more representative
than the other fuels. In fact, LPG was used only for cooking in
2,671 records (that is 60.4% of the records where LPG was
used for this use), much larger than natural gas (794 over
14,450 that is 5.5% of the records) and biomass (34 over 168
that is 20.2% of the records). Then the main parameters
assessed with LPG were applied also to the other cooking
appliances regardless of the fuel, because the model makes no
distinctions on the cooking habits of the domestic users. In the
next step, the model of the DHW production was tuned on the
records where the fuel was used for cooking and/or for DHW
production, using a larger data set, as reported in Table 2,
where column “DHW only” shows the smaller number of
records which could be used whether an exclusive use of the
fuel for DHW was considered.

Table 2. Number of records used for the model’s calibration

Fuel C(‘)’Icl’lk;?g DHW only Ocrk]’)"ﬁl\;gz
Natural gas 794 114 2398
(5.5%) (0.8%) (15.8%)
2671 231 3676
LPG (60.4%) (12.7%) (78.1%)
Diesel oil n.a 289 289
h (31.5%) (31.5%)
Biomass 34 28 65
(20.2%) (3.4%) (7.0%)

Notes: 1. Records used for the calibration of the model for cooking
uses. 2. Records used for the calibration of the model for DHW
production.

As a result of the calibration, the average load per cycle of
the hobs — expressed in terms of kg of water heated up
according to the standard test procedure described in [9] - was
determined by minimising the median deviation between the
selected data from the survey and the model, resulting in 1.8
kg of water pro capita. The average value of the daily hot water
demand per capita was calibrated on the records of the survey
where LPG was used for DHW and/or for cooking. The
resulting daily DHW demand per capita resulted equal to 60 L,
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which is between the demand prescribed by UNI 9182 for
social housing (40 to 50 L) and for middle class housing (70
to 80 L). Moreover, the results obtained with this value of daily
DHW demand were similar to those obtained with Eq. (2),
based on the floor surface of the apartment.

3.3 Comparison with the survey data

Before comparing the results, it was necessary to convert
the economic data of the ISTAT survey into energy values. In
fact, the survey provided the annual costs from the bill of the
main fuels between the second semester of 2012 and the
second semester of 2013, without distinction of the type of use.
The following unit prices, tax and VAT included, were used
for the validation of the models: 0.2089 €/kWh for LPG,
0.27995 €/kWh for electricity, 0.04459 €/kWh for wood logs,
0.06383 €/kWh for pellets and 0.145 €/kWh for diesel oil. As
regards natural gas, the unit cost of energy was determined
with reference to the economic conditions of the protected
market set by the National Authority for the Electrical Energy,
the Natural Gas and the Hydro System (AEEGSI) [14] while
tax, excise duty and VAT were calculated in the ranges of gas
consumption defined by AEEGSI for ordinary statute Regions
[14]. The unit costs for gas used in the numerical code,
reported in Table 3, represented the average of the single
components weighted on the people resident in each Region in
2012 [16]. Then the gross unit cost was calculated by including
the average fixed costs for sale (40.34 €/y) and for the network
(34.66 €/y), and considering a lower heating value of gas equal
t0 9.59 KWh/Sm?,

Table 3. Average cost components for natural gas (€/Sm?)

Gas Sale  Network Excis Regional VAT
Sm’y eduty  surtax %
0-120 0.410 0.058  0.044 0.012 10%

121 - 480 0.410 0201  0.175 0.018 10%
481-1,560 | 0.410 0.176  0.170 0.019 21%
1,561 -5k | 0.410 0.172  0.186 0.019 21%
5k - 80k 0.410 0.142  0.186 0.019 21%
80k - 200k | 0.410 0.099  0.186 0.019 21%

Table 4. Average annual energy consumption per area
(kWh/m? y) for space heating, natural gas as fuel

Type of Year of built
dwelling Before 1950- 1970- From
1950 1969 1989 1990
S. F. House 263 229 151 145

Multif.

House 246 215 144 136
Gr. Fl. Apt. 163 114 91 97
Mid. Fl. Apt. 73 58 35 34
Top Fl. Apt 136 92 79 80

The average annual energy consumption per area for space
heating, for each dwelling-type class on a national basis, is
summarized in tables from Table 4 to Table 7, representing the
estimated consumption of a single fuel. Regardless of the fuel,
the energy consumption per area increases with the age and
decreases for the types of dwelling with smaller external
surfaces (apartments and middle floor apartment in particular).
In addition to the thermo-physical and geometrical properties,
which are at the basis of the identification of the dwelling-type
classes, the space heating demand estimated by the model is
greatly influenced by the geographical distribution of the



families involved in the ISTAT survey among the different
climatic zones, and by the number of hours of daily usage of
the heating plant.

Table 5. Average annual energy consumption per area
(kWh/m? y) for space heating, LPG as fuel

Tvpe of Year of built
dxgmn Before 1950- 1970- From
9 1950 1969 1989 1990
S. F. House 247 178 110 118
Multif.
House 241 222 101 106
Gr. FI. Apt. 119 67 53 69
Mid. FI. Apt. 47 33 23 19
Top FI. Apt 82 49 39 45

Table 6. Average annual energy consumption per area
(kWh/m? y) for space heating, Diesel oil as fuel

Type of Year of built
dwelling Before 1950- 1970- From
1950 1969 1989 1990
S. F. House 328 274 184 198

Multif.

House 307 277 198 199
Gr. Fl. Apt. 212 127 122 153
Mid. FI. Apt. 108 70 40 45
Top FI. Apt 158 132 99 175

Table 7. Average annual energy consumption per area
(kWh/m? y) for space heating, biomass as fuel

Type of Year of built
dwelling Before 1950- 1970- From
1950 1969 1989 1990
S. F. House 331 255 162 166

Multif.

House 296 237 157 173
Gr. Fl. Apt. 252 161 112 141
Mid. FI. Apt. 125 80 49 54
Top FI. Apt 189 137 112 126

The average (median) annual energy consumption per
family calculated by the model for cooking uses was 1,077
kWh for the hobs and 125.6 kwWh for the ovens. Regardless of
the fuel, the energy required for cooking is equal to:

- For the average family unit: 1,192 kWh (annual) or 3.26
kWh (daily),

- Pro capita: 562 kWh (annual) or 1.54 kWh (daily).

These results are comparable with benchmarks obtained
from a literature review. According to [5], the daily energy
consumption for the domestic cooking uses of a family unit
may follow these rules of thumb: 4 kwh for dwellings up to
50 m? of floor area, 5 kWh between 50 m? and 120 m?, and 6
kWh above 120 m?, while the annual energy consumption per
capita in the Turin area is about 350 kwWh according to [17].
As regards the annual energy consumption of single
appliances, electrical hobs (with a total burner heating rate of
3 kW and 45’ average daily use) absorb 1,100 kWh while
electrical ovens absorb from 65 kWh to 100 kwWh [18]. Among
the reasons of the different values reported in the literature, the
energy demand is greatly influenced on the frequency of use
and length of the cooking cycle.

The average annual consumptions for DHW and cooking
calculated by the model, subdivided on a family and per capita
level and in function of the fuel, are summarised in Table 8.
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Table 8. Average annual energy consumption (kWh y) for
DHW and cooking calculated by the model

Fuel Family Per capita
Cooking DHW Cooking DHW
Electrical 126 1718 46.5 858.9
Gas 1077 2114 538.5 954.3
LPG 920 2116 430.8 916.1
Diesel n.a. 2290 n.a. 1108.2
Biomass 5473 4581 2154 1546
Average 1192 2114 562 951

The comparison between the model and the survey was
made on a record per record basis, and the per cent difference
was calculated with this relation:

EC, -EC,

AEC = x100 (8)

m

where subscript m refers to the results of the model, while
subscript s refers to the survey.

Table 9 Median of space heating consumption [kWh y] and
of the difference model vs. survey

Fuel Survey Model difference [%]
Natural gas 9552 7934 20.4
LPG 1197 3710 -67.7
Diesel oil 7586 8456 -10.3
Biomass 11100 17933 -38.1

Regarding the space heating consumption, the comparison
between the survey data and the data estimated by the model,
summarized in Table 9, shows that the model underestimated
the energy consumption for natural gas of about 20% and
slightly overestimated the consumption of diesel oil (about
10%): this can be considered a promising result; whereas
bigger differences are observed for the other fuels. Further
analysis is required in order to evaluate the reasons of such
differences, but they can be mainly attributed to the following
factors:

. the hypothesis of not considering the contribution of
any secondary heating device, since the data collected from the
survey are not as detailed as required by the model. The
consequence is that the implemented model attributes all the
heating demand to the main plant, while there may be
secondary appliances powered by other fuels suppling a non-
negligible amount of the heat, thus varying the actual
consumption of the main plant. The presence of secondary
heating devices depends on the fuel: 43% for Natural gas
fueled main plant, 55% for LPG, 57% for Diesel oil and 71%
for biomass.
the uncertainty derived by the estimation of the
energy consumptions from the survey, based on economic data.
the thermo-physical characteristics of the dwelling-
type classes (opaque envelope type, transparent envelope type,
thermal capacitance) were obtained by technical standards at
the national level, while there can be significant regional and
local differences.

As far as the cooking and the DHW models are concerned,
the synthetic results of the comparison between the calculated



energy consumption and the “actual” energy consumption are
depicted in Figure 2 for cooking only. The boxplots represent
the interquartile ranges while the red line represent the median
for each distribution. The differences are also summarised in
Table 10.
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Figure 2. Difference model vs. survey for cooking

Table 10. Median of the difference model vs. survey,
cooking uses and DHW production

Fuel Cooking only ~ DHW only COB];RX% or
Natural gas 127.5% 122.9% 74.5%
LPG 0.0% 69.1% -7.4%
Diesel oil n.a. 226.2% 226.2%
Biomass 34.3% 339.8% 93.3%

The median difference between the results of the model and
the ISTAT survey for LPG is -7.4%, that is the model slightly
overestimated the energy consumption for DHW and/or
cooking. Higher values were obtained for the other fuels. As
regards cooking only, the median value is equal to +127.5%
for natural gas and +34.3% for biomass, that is the model
underestimates the energy consumption extrapolated from the
survey. Further analysis is required in order to evaluate the
reasons of such large differences. Focusing on gas, many
records in the survey were characterised by consumptions
unusually high for uses limited to cooking, i.e. above 5,000
kWh/pers. A possible explanation may be the contribution of
secondary equipment for space heating, which was not
evaluated by the space heating model, which considered only
the principal/unique generation system. As regards biomass
appliances, no standard test procedures were found to support
the implemented model, moreover cooking appliances
generally are also used for space heating and such effect is
difficult to quantify.

Table 11. Median of the aggregate energy consumption
(kWhy) and difference model vs. survey

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

Considering the estimated aggregate energy consumption for
space heating, cooking uses and DHW production on a
national basis, as summarized in Table 11, the proposed model
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slightly overestimated the energy consumption for natural gas
(of about 6%) that is the fuel representing approximately 65%
of the total energy consumed according to the ISTAT 2013
survey. The overestimation for the other fuels varied between
approx. 22% and 35%.

The results of the models and the comparison between models
and survey, both at single-use and at aggregate level, also
provided useful elements for the update of the next survey in
order to achieve additional information allowing a further
improvement of the models themselves.

4. CONCLUSIONS

The implementation of a methodology for the estimation of

the energy consumption for space heating, DHW and cooking
in the residential sector was presented.
The energy consumption for space heating was based on the
equivalent resistance-capacitance model proposed in the
European standard EN 1SO 13790 and was implemented in
Excel®, with inputs based on dwelling-type classes identified
on the ISTAT 2013 survey data. The model show promising
result as far as natural gas and diesel oil are concerned.

The energy consumption for DHW and cooking was
modelled in the Matlab® environment using a Standard-based
approach, and results were compared on a record basis on the
ISTAT survey, and with benchmarks found in the literature.

As far as the aggregate energy consumption for space
heating, cooking uses and DHW production on a national basis,
the model slightly overestimated (about 6%) the natural gas
consumption which represents a share of approx. 65% of the
total energy consumed according to the ISTAT 2013 survey

Future works will focus on the reduction of the deviation
between the model and the survey, by considering the impact
of secondary equipment for space heating, and possibly by
refining the analysis at a regional scale.
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NOMENCLATURE

C

thermal capacity, kJ.Kg'.K!

EC energy consumption, kWh or MJ

ED energy demand, KWh or MJ

EEI energy efficiency index, dimensionless
n number of persons

0 thermal energy, kWh or MJ

S floor surface, m?

SEC standard energy consumption, kWh or MJ
T temperature, K

Vv volume, m?

Greek symbols

€ efficiency

Subscripts

apt apartment

m model

occ occupants/persons

s survey

W water





