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Abstract: Life Cycle Assessment (LCA) of two different natural gas boilers for residential use has been performed. 
The aim of this research was to compare traditional and condensing boilers technologies, considering the whole life 
cycle. All the transports involved in the entire supply chain of the two products have been considered. Primary data 
related to the two analysed products have been gathered from a boiler manufacturer of the Reggio Emilia province, 
whilst Ecoinvent database v2.2 has been used as source of secondary data. The assessment has been performed using 
the CML and CED methods, by considering the categories required by the EPD certification systems. Results of the 
analysis show that the condensing technology has a lower environmental impact than the traditional technology in all 
the impact categories. This is essentially due to the lower fuel consumption required by the condensing technology 
during the use phase. Another outcome of the study is that the use phase is by far the main cause of environmental 
burdens, responsible on average by more than 90% of the total impacts.  
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1 Introduction 

The need for heating is a primary need that cannot be 
waived, in particular in regions with harsh climates. If, on 
one hand, this need must be satisfied, at the same time it 
is necessary to limit the costs and to improve the 
environmental sustainability of heating systems. 
Household heating is, in fact, one of the most important 
contributors of environmental impacts (Tukker et al., 
2006) due to the great amount of energy required, which 
in 2010 was over than a quarter of total final energy 
consumption in EU 27, exceeding the industry and the 
services sectors (Bertoldi et al., 2012). The residential 
sector plays therefore an important role in energy 
efficiency programmes and policies. 

In order to make household heating more sustainable it is 
necessary to design more efficient heating systems, able 
to maximize the energy obtained from the fuel 
combustion, with the aim of minimize the environmental 
impacts which occur during their life cycle. 

The environmental impacts shall be evaluated by means 
of scientific and reliable tools which take into account the 
entire lifetime of a product. Life Cycle Assessment (LCA) 
is the most reliable methodology to evaluate the 
environmental impact of a product throughout its life 
cycle, known as “cradle to grave” analysis. This method 
is regulated by the ISO 14040 (ISO 14040, 2006; ISO 
14044) international series of standards. It has been 
already used in several studies to assess the 
environmental impacts of domestic heating systems. 
Shah et al. (2008) studied three residential heating and 
cooling systems, namely furnace and AC, boiler and AC, 
and air–air heat pump, at four locations in the United 
States. Šulga (2011) analysed the situation of 

manufacturing domestic solid fuel boilers in Lithuania. 
This study also compared the environment impacts of 
two different fuels (wood and coal) and described a new 
ecological boiler. Koroneos and Nanaki (2012) studied 
the environmental performance of a solar water heater 
for domestic use in the city of Thessaloniki.  

The present study applies the life cycle assessment (LCA) 
methodology to evaluate two boilers for heating and hot 
water production. The systems studied are: (a) a 
traditional boiler, and (b) a condensing boiler. These two 
systems are evaluated for two different energy class 
dwellings, considering three Italian locations having 
different climatic conditions: Belluno, Florence and 
Palermo, whit the aim of cover the whole Italian range of 
climate.  

2 Systems description  

This study is a comparative LCA of two domestic boilers 
produced by the company Immergas located in Brescello 
(Reggio Emilia). The first considered model, called 
“Maior Eolo” is a traditional combi-boiler while the 
second, “Vitrix”, is a condensing boiler. The following 
sub-sections describe the two analysed systems. 

2.1 “Maior Eolo” model 

Maior Eolo is a wall-hung system for central heating and 
instantaneous domestic production of hot water. It has a 
sealed chamber, forced draft, with a rated thermal input 
of 24 kW with high efficiency and forced circulation, 
which operates from 9.3 to 24 kW. It is ascribed to class 
II2H3 + and it can be fuelled by natural gas and LPG 
(Liquefied Petroleum Gas).  The boiler is supplied with 
wells for analysis of combustion, lower grille, connection 
unit with adjustable fittings and depth cocks for gas and 
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cold water. It can also operate with propane-air (50% air 
- 50% propane) installing a special conversion kit.  

2.2 “Victrix” model 

Victrix 26 is an instantaneous combi-boiler characterized 
by a heat output of 24 kW for the heating function and 
of 26 kW for the sanitary function guaranteeing great hot 
water availability to the tap. Victrix model is ascribed to 
class 5, the most ecological one in the UNI EN 297 and 
UNI EN 483 European standard classification. It is 
prearranged to be equipped with a storage tank, which 
allows having constant availability of domestic hot water 
at the desired temperature. This model is equipped with a 
condensing module composed of a stainless steel central 
unit, contained in a composite material shell. It has a 
great power range (starting form 3 kW), making this 
system particularly suitable for new buildings with 
reduced heating requirements.  Natural gas and LPG can 
be used as fuel. Main specifications of both the boilers 
are summarized in Table 1. 

Technical Data Unit Eolo Victrix 

Nominal Heat Input kW 25.9 26.7 

Minimum Heat Input kW 10.7 3.2 

Nominal Heat Output (useful) kW 24 23.6 

Minimum Heat Output (useful) kW 9.3 3 

Useful heating efficiency at 100% Pn % 92.80 108.1 

Useful heating efficiency at 30% of 
nominal output % 90.70 102.1 

Continuous service supply capacity 
with DT 30°C l/min 11.4 12.9 

Minimum pressure for sanitary hot 
water bar 0.3 0.3 

Minimum hot water supply l/min 2 1.5 

Weight of boiler full of water kg 44 42.4 

Efficiency rating  (D.P.R. 660/96)   ★★ ★★★★ 

Table 1: Technical data of the two boilers 

3 Life cycle assessment 

LCA methodology is composed of four main stages of 
analysis: (i) goal and scope definition, (ii) inventory 
analysis, (iii) impact assessment and (iv) interpretation 
(ISO 14044, 2006). 

3.1 Goal and scope definition 

The goal of this study is to compare the environmental 
impacts of two different boilers for residential use and 
evaluate the critical aspects of their life cycles. 

3.1.1 Functional Unit 

The purpose of the Functional Unit (FU) is to provide a 
reference unit, for which the inventory data are 
normalized (ISO 14040, 2006). The functional unit is 
essential since it facilitates the comparison of alternative 
products and services (ISO 14044, 2006). The functional 
unit adopted in this analysis is a single boiler. The 
lifespan of the boiler has been assumed of 15 years.  

3.1.2 System boundary 

In order to quantify the impact of the analysed product, 
system boundaries shall be determined. The adopted 
boundary systems are these proposed by the Product 
Category Rules (PCR), in 2011 and reported in Figure 1. 

Following the PCR (2011), the boiler life cycle is divided 
in three main phases. 

The first phase is called “upstream processes” and includes 
the following processes: the production of virgin and 
recycled raw materials, the production and manufacturing 
of the components, the activities of assembly and testing 
at the production plant and the packaging. 

The “core processes” are referring to the boiler use phase 
and include fuel extraction, electricity generation, fuel 
and electricity use during boiler operations, heating cycle, 
hot domestic water cycle and the emissions of 
combustion. Natural gas has been selected as fuel.  

The “downstream processes” include the end of life 
management activities of the boiler after the estimated 
life span use. 

 

Figure 1: System boundaries taken by PCR (2011) 

3.2 Life cycle inventory analysis 

The life cycle inventory analysis quantifies the resources 
use, the energy use, and the environmental releases 
associated with the system being evaluated by means of a 
mass and energy balance of each FU (ISO 14040, 2006).  

All primary data were gathered from Immergas personnel 
thanks to a questionnaire and personal interviews. 
Ecoinvent database v2.2. (Swiss Centre for Life Cycle 
Inventories, 2010) has been used as source of secondary 
data, by considering data referring to the Italian context 
when available, otherwise, to the European situation. 

As regard to the upstream process, the cut off applied to 
the gross weight of material has been set at 99% as 
required by the PCR (2011). Moreover, since the impact 
of the manufacturing phase is always less than 5% on all 
principal environmental impact indicators, the PCR 
(2011) allow adopting a simplified procedure for taking 
into account the system components and their materials, 
by grouping them in type of materials (PCR, 2011).   
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3.2.1 Upstream processes 

The bills of materials of the two boilers have been 
provided by the company and reported in Table 2. 

Components 

Material Eolo Victrix 

Silicone 0.04 0.115 
EPDM 0.031 0.064 
ABS 0.911 1.171 
PVC 0.002 0.005 
Aluminium 0.125 1.905 
Iron 31.821 22.879 
Stainless steel - 6.736 
Brass 2.889 3.215 
Copper 5.061 2.29 
Electronic 
components 

0.248 0.248 

Wiring 0.372 0.372 

Packaging 

Material Eolo Victrix 

PE film 0.042 0.073 
Wood 0.899 0.852 
Paper 3.750 2.022 
Polystirene - 1.008 

Table 2: Inventory data for components and packaging 

As far as concern the assembly and testing phases, it was 
impossible to obtain data closely related to these phases 
since the company has no control on the manufacturing 
consumption of each product. For this reason such data 
are obtained dividing the electricity and natural gas 
consumption of the company by the number of boilers 
produced in a year. This allocation method is not 
completely accurate because not every product requires 
the same amount of energy during the manufacturing 
phase, but it has been considered acceptable since the 
consumption of this phase are enormously lower than 
those that occur during the use phase.  

The energy requirements for the manufacturing phase are 
the following:  

- The electricity consumption is 22.2 kWh per boiler; 
25% of the consumed electricity is obtained by solar 
photovoltaic while the remaining 75% is taken from 
the grid.  

- The used thermal energy is natural gas and its amount 
is 116.6 MJ. 

The transport of the input stream has been included, 
considering a lorry Euro4 16-32 t as mean of transport.   

3.2.2 Core processes  

The electrical and heat consumptions, which occur 
during the use phase, have been estimated by using the 
simulation software TERMUS.  This software is the first 
which has been certified by the Committee for Italian 
Heat as suitable to perform the calculation in order to 
obtain the certification UNI/TS 11300.  

The estimation of the energy consumption has been 
performed evaluating the efficiency of the boilers in 
different scenarios, by combining the energy class of the 

building and the climate zones, whose map is reported in 
Figure 2.  

 

Figure 2: Italian climate zones; Dd = Degree day1 

The considered dwelling has a surface of 135 m2 on one 
floor, as shown in Figure 3.  

 

Figure 3: Layout of the considered dwelling 

The energy consumption has been calculated by means 
of the parameters listed below. 

Energy classes of the considered dwellings are: 

- C/D – it considers a dwelling with good thermal 
insulation. 

- F/G – it is referred to most of the dwelling built 
before the year 2008. 

Three Italian climatic zones:  

- Belluno (Geographical class F). 

- Florence (Geographical class D).   

- Palermo (Geographical class B). 

Two types of emitter:  

                                                           
1 A degree day is a measure of heating or cooling. A 
degree day is computed as the integral of a function of 
time that generally varies with temperature. 
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- Radiator heating installed on the wall for the Eolo 
model.  

- Underfloor heating for the condensation model. 

The energy requirements of the climatic zones B, D and 
F are the following: 

- The “Degree days” of the considered zones are: 751 
in zone B, 1821 in zone D and 3043 in zone F, 
calculated according to the Presidential Decree 412 of 
26/08/93 and subsequent amendments and 
additions. 

- The heating days per year are: 121 in zone B, 161 in 
zone D and 200 in the zone F. 

- The average monthly temperatures (in °C), 
determined in accordance with UNI 10349, are 
reported in Table 3. 

Zone Gen Feb Mar Apr Mag Giu 

B 11.10 11.60 13.10 15.50 18.80 22.70 

D 5.30 6.50 9.90 13.80 17.80 22.20 

F 0.10 2.30 6.80 11.20 14.90 18.90 

Zone Lug Ago Set Ott Nov Dic 

B 25.50 25.40 23.60 19.80 16.00 12.60 

D 25.00 24.30 20.90 15.30 10.20 6.30 

F 21.20 20.80 17.70 12.40 6.50 1.70 

Table 3: average monthly temperatures in different climate 
zones 

The calculated natural gas consumption for the two 
systems is reported in Table 4. Heating and domestic hot 
water consumptions are reported per different region and 
dwelling. The condensing technology allows reducing the 
natural gas consumption with respect to the traditional 
technology of about 15% regarding the demand for 
heating and of about 12% regarding the demand for 
domestic hot water. 

Dwelling 1 Demand for heating [Nm³] 
Demand for domestic hot 
water [Nm³] 

Region Belluno Florence Palermo Belluno Florence Palermo 

Eolo 1,367 1,074 623 306 307 291 

Victrix 1,146 902 535 268 271 260 

% variation 16.20% 16.00% 14.15% 12.56% 11.88% 10.63% 

Dwelling 1 Demand for heating [Nm³] 
Demand for domestic hot 
water [Nm³] 

Region Belluno Florence Palermo Belluno Florence Palermo 

Eolo 3,786 2,973 1,304 306 307 291 

Victrix 3,213 2,515 1,086 269 272 257 

% variation 15.12% 15.39% 16.70% 12.04% 11.51% 11.48% 

Table 4: natural gas consumption of the two boilers 

Lorry 16-32 t Euro4 has been considered in order to 
evaluate the transport of the boilers to the customers; 
with an average distance of customers equal to 195 km.  

Emissions of NOx and CO which occurs during natural 
gas combustion have been taken by technical sheets of 
the boilers. In particular, as regard to Eolo model, NOx 
emission is 128 mg/kWh and CO emission is 84 
mg/kWh, while in the case of  Victrix NOx emission is 
36 mg/kWh and CO emission is 15 mg/kWh. CO2 

emissions have been calculated by means of a 
stoichiometric analysis. 

3.2.3 Downstream processes 

Regarding downstream process the transportation of the 
boiler to the landfill is included in the analysis, 
considering a distance of 50 km from the customer to the 
disposal site. In this case a lorry Euro4 3.5-7.5 tons has 
been used in order to evaluate this phase. The end of life 
scenario considered is 100% landfill; using a conservative 
approach since the company doesn’t have the control of 
this phase. 

3.3 Method of impact assessment 

The data collected in the Inventory analysis are the basis 
for the Impact Assessment phase, which aims to evaluate 
the potential environmental impacts of the system (ISO 
14040, 2006). SimaPro version 7.3.3 software has been 
used for the analysis of the environmental burdens 
selecting CML2001 (Guinée et al., 2001) life cycle impact 
assessment method at the mid-point level, to evaluate the 
environmental impacts of the two boilers. Acidification 
Potential (AP), Eutrophication Potential (EP), Global 
Warming Potential for time horizon 100 years 
(GWP100), Photochemical Ozone Creation Potential 
(POCP) and Stratospheric Ozone Depletion Potential 
(ODP) are the impact category indicators considered. 
Energy consumption was accounted by using the 
Cumulative Energy Demand (CED) which is a single 
score method published by Ecoinvent and expanded by 
PRé Consultants that calculates the energy used by a 
system expressed in MJ (PRè-Product Ecology 
Consultants, 2010). 

4 Result and discussion 

The results of impact assessment for the two boilers are 
reported in Table 5 and Figure 4. Results are divided 
considering different geographical region and energy 
class of the dwellings.  

  

Dwelling 1 

  

Belluno Florence Palermo 

    Eolo Victrix Eolo Victrix Eolo Victrix 

AP  kg SO2 eq. 6.40E+01 4.47E+01 5.28E+01 3.70E+01 3.54E+01 2.55E+01 

EP kg PO4
3- eq. 7.68E+00 3.97E+00 6.44E+00 3.37E+00 4.49E+00 2.45E+00 

GWP kg CO2 eq. 1.48E+04 1.25E+04 1.21E+04 1.04E+04 8.06E+03 7.05E+03 

ODP kg CFC11 eq 6.70E-03 5.67E-03 5.53E-03 4.70E-03 3.66E-03 3.19E-03 

POP kg C2H4 eq. 4.23E+00 3.20E+00 3.49E+00 2.65E+00 2.34E+00 1.82E+00 

CED MJ 1.04E+06 8.78E+05 8.57E+05 7.28E+05 5.68E+05 4.94E+05 
 

  

Dwelling 2 

  

Belluno Florence Palermo 

    Eolo Victrix Eolo Victrix Eolo Victrix 

AP  kg SO2 eq. 1.52E+02 1.06E+02 1.22E+02 8.50E+01 6.03E+01 4.17E+01 

EP kg PO4
3- eq. 1.76E+01 8.79E+00 1.42E+01 7.13E+00 7.28E+00 3.73E+00 

GWP kg CO2 eq. 3.56E+04 3.03E+04 2.85E+04 2.42E+04 1.39E+04 1.17E+04 

ODP kg CFC11 eq 1.63E-02 1.39E-02 1.31E-02 1.11E-02 6.38E-03 5.37E-03 

POP kg C2H4 eq. 1.01E+01 7.68E+00 8.14E+00 6.16E+00 4.00E+00 3.01E+00 

CED MJ 2.53E+06 2.16E+06 2.03E+06 1.73E+06 9.89E+05 8.33E+05 

Table 5: Absolute environmental impacts of the 2 boilers 
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Figure 4: Relative environmental impacts of the two 
boilers 

The impacts of Eolo boiler are always higher than Victrix 
boiler for each scenario. On average the Victrix impacts 
are lower than Eolo of 30% in AP, 48.4% in EP, 14.7% 
in GWP, 14.8% in ODP, 24.4% in POP and 14.8% in 

CED. The highest percentage of impact reduction for the 
Victrix system respect the Eolo one (considering an 
average value between the six considered categories) 
occurs in Palermo for Dwelling 2 (25.2%) followed by 
Florence for Dwelling 2 (25%); on the contrary, the 
lower reduction occurs in Palermo for Dwelling 1 
(22.3%). In general the percentage variation decreases 
passing from the geographic region with higher thermal 
requirements to the region with lower temperature 
requirements in the case of dwelling 1, while the opposite 
trend occurs in the case of dwelling 2. This behaviour can 
be explained by analysing the natural gas consumption 
calculated with the software TERMUS and reported in 
Table 4, which follows the same trend. Natural gas 
consumption is, in fact, the main source of impacts. 

Figure 5 reports the percentage contributions of all the 
life cycle inputs for the  two extreme cases among those 
considered: the case of maximum consumption, which is 
Belluno (considering the energy class of dwelling 2), and 
the case of minimum consumption, which is Palermo 
(considering the energy class of dwelling 1). 

  

 

Figure 5: Percentage contributions of all the life cycle inputs for the two extreme cases - the case of maximum consumption 
(Belluno; energy class of dwelling 2) and the case of minimum consumption (Palermo; energy class of dwelling 1).
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In all the cases, the contribution of natural gas 
consumption and combustion is the main cause of 
impacts in all the categories considered. In the case of 
maximum consumption, natural gas contribution is 
higher than 95% in all the categories reaching about 99% 
in AP, GWP, ODP, POP and CED as shown in Figure 5 
c and d. Even in the case of minimum consumption, the 
impact of energy is the main source of impacts causing 
over than 94% of the total burdens in all the impact 
categories apart from EP for which it is about 77% for 
Victrix and 84% for Eolo. 

The impacts of all the other phases result to be almost 
negligible with respect to the use phase, apart from the 
impacts of some raw materials; in particular the 
production phase of copper is 7% in EP in the case of 
Eolo considering the energy class C/D and Palermo as 
geographical context; its impact result to be about 2% in 
the case of Victrix, for which the weight of copper is 
lower, considering the energy class F/G and Belluno as 
geographical context. Boiler’s electricity consumption 
contributes for 1-2% of the impacts in AP, EP and 
GWP, and less than 1% in the remaining impact 
categories.   

The most important way to improve the environmental 
sustainability of boilers is then to optimize the energy 
efficiency of these systems. An improvement of the 
buildings energy insulation could also be an essential 
element in reducing the environmental impacts 
associated with domestic heating systems. 

5 Conclusions 

Two residential domestic boilers were compared using 
life cycle assessment methodology. The first boiler, 
whose commercial name is “Eolo”, is a traditional wall-
mounted boiler with sealed chamber and forced draft, 
while the second boiler, called “Victrix”, is a wall-
mounted boiler with sealed chamber equipped with a 
condensing module. This latter module increases the 
efficiency reducing the natural gas consumption during 
the use phase, on average of 15%.These systems were 
studied at three locations – Belluno, Florence and 
Palermo representing different climatic conditions and 
considering two dwellings with different energy class.   

The impacts of Eolo boiler is always higher than those of 
Victrix boiler for each scenario, on average of 14.9% in 
the six impact categories considered. The difference in 
terms of environmental impacts between the two boilers 
is approximately equivalent to the percentage difference 
of consumption. This is due to the fact that the fuel 
consumption which occurs during the use phase is 

responsible for over than 90% of impacts in all the 
considered categories except for the category EP. 

The most important way to improve the environmental 
sustainability of boilers is then to optimize the energy 
efficiency of these systems. The improvement of in the 
buildings energy insulation, although not related to the 
companies which design these systems, could be another 
essential element in reducing the environmental impacts 
associated with domestic heating systems. 
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