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IL CONTRIBUTO DELLA� LIFE CYCLE ASSESSMENT

PREFAZIONE

Il XVI Convegno dell’Associazione Rete Italiana LCA si è svolto a Palermo nei giorni 22, 23 e 
24 giugno 2022, sul tema “La sostenibilità nel contesto del PNRR: il contributo della Life Cycle 
Assessment”. Il Convegno ha ricevuto il patrocinio del Ministero della Transizione Ecologica 
(MiTE), di due Assessorati della Regione Siciliana, della Città di Palermo, dell’ARPA Sicilia, 
dell’ARPA Calabria, dell’Accademia Italiana di Scienze Merceologiche (AISME), dell’Associa-
zione Condizionamento dell’Aria Riscaldamento e Refrigerazione (AICARR), della SETAC Ita-
lia, della Federazione Ordini dei Dottori Agronomi e dei Dottori Forestali Sicilia, della Consulta 
Ordini Ingegneri Sicilia e il sostegno di CNR-ITAE di Messina. 

La crisi economica successiva alla pandemia ha spinto l’Unione Europea al lancio dello sto-
rico programma Next Generation EU. Il Piano Nazionale di Ripresa e Resilienza (PNRR) offre 
risorse fondamentali per la ripresa economica in Italia e riforme per accelerare la doppia transi-
zione, ecologica e digitale, promossa dal Green Deal, in un’ottica di equità di genere, territoriale e 
generazionale. In tale contesto, il Life Cycle Thinking (LCT) e la Life Cycle Assessment saranno 
fondamentali nei prossimi anni per garantire una reale rivoluzione verde e circolare, in linea 
con gli obiettivi internazionali di contenimento dell’uso di risorse naturali in una prospettiva di 
ciclo di vita, della mitigazione del cambiamento climatico e della salvaguardia della biodiversità, 
secondo il principio del Do not significant harm che mira a sostenere o svolgere attività che non 
arrecano un danno significativo all’ambiente.

Il XVI Convegno dell’Associazione Rete Italiana LCA si è focalizzato sul ruolo della LCA 
e degli strumenti LCT-based nelle politiche di sostenibilità e di circolarità europee e nazionali 
e nel PNRR, in settori fondamentali per l’economia italiana, quali l’energia, l’edilizia, l’agroali-
mentare. Particolare attenzione è stata posta sull’applicazione della LCA al fine vita dei prodotti 
e ai sistemi di gestione dei rifiuti nell’ottica dell’economia cricolare.

I contributi scientifici, presentati durante le sessioni tematiche orali e le sessioni poster, te-
stimoniano il grande interesse della comunità scientifica nazionale verso tali tematiche, ponendo 
anche grande attenzione all’impiego degli strumenti di LCT per il raggiungimento dei SDG, 
all’integrazione con altri strumenti per la sostenibilità e alla centralità della metodologia LCA 
come metrica di misurazione delle prestazioni energetiche e ambientali a supporto del decisore 
pubblico e privato nel raggiungimento di obiettivi di sostenibilità e circolarità.

Il volume raccoglie i contributi scientifici, presentati a seguito di un processo di double peer 
review gestito dal Comitato Scientifico. I suddetti contributi sono stati inviati sui seguenti temi:

yy Avanzamenti metodologici nel campo della Life Cycle Assessment e degli strumenti LCT-based 
per la sostenibilità di processi sistemi organizzazioni.

yy Life Cycle Assessment strumenti LCT-based a supporto del principio Do not significantly 
harm.

yy Life Cycle Assessment strumenti LCT-based applicati alle politiche ambientali e all’econo-
mia circolare.
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yy Life Cycle Assessment strumenti LCT-based per la neutralità climatica di sistemi e processi.
yy Life Cycle Assessment strumenti LCT-based per la rivoluzione verde la transizione ecologi-

ca e la mitigazione dei cambiamenti climatici.
yy Life Cycle Assessment strumenti LCT-based applicati alle missioni del PNRR.
yy Impiego di Life Cycle Assessment e strumenti LCT-based per accrescere la sostenibilità dei 

settori produttivi, per favorire la tutela del territorio e della risorsa idrica e la protezione della 
biodiversità.

Un’ultima sezione riporta i contributi presentati dai primi tre classificati della tredicesima edi-
zione del Premio Giovani Ricercatori LCA, rivolto ai giovani ricercatori, che operano nel campo 
dell’analisi del ciclo di vita al fine di promuovere la ricerca e divulgare le loro attività.

Il Chair del Convegno	 Il Presidente dell’Associazione Rete Italiana LCA

	 Maurizio Cellura	 Bruno Notarnicola
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An empirical approach for the LCA evaluation of heat pump 
units
Kevin Autelitano1, Jacopo Famiglietti1, Mario Motta1

Abstract: The authors in this work aim to provide reliable quantitative sca-
ling factors (power-mass ratios) that can be utilized to evaluate the envi-
ronmental profile of energy systems for providing space heating, domestic 
hot water, and space cooling in buildings (residential and not). 17’741 va-
por compression heat pumps and 17’021 charges of refrigerant gas per heat 
pump unit were included and evaluated in this study. The approach adopted 
consists of several steps, as follows: i) grouping the appliances on shared 
characteristics, ii) linking the capacities with mass values, iii) obtaining the 
best fitting curves, evaluated by R2 method. Uncertainty analysis via er-
ror propagation was also performed to check the consistency of the results. 
This verification was implemented by the Monte Carlo method and the null 
hypothesis test.

1.  Introduction 

The building sector accounts for 40% of total primary energy consumption in the European 
Union and about 40-50% of Greenhouse Gas (GHG) emissions (Llantoy et al., 2020). An effective 
plan for its decarbonization is strictly necessary, as discussed in the recent scientific literature. 
For this reason, by the beginning of 2021, the European Commission issued that all new buildings 
must be built as nearly zero-energy buildings (nZEBs) to contribute to the target of the carbon 
neutrality by 2050 (Dermentzis et al., 2021). For the building sector, the environmental impact 
evaluations are mainly linked to the primary energy demand (non-renewable) and the associated 
GHG emissions related to the operational phase. Still, it could be more accurate considering po-
tential impacts besides GHG emissions with a life cycle approach. The Life-Cycle Assessment 
(LCA) method, one of the leading methodologies for environmental metrics, potentially powerful 
for strategic and decision-making management, could be relevant for the purpose (Famiglietti et 
al., 2021).

In the context described above, heat pumps can be considered one of the most promising 
solutions to achieve nZEB goals due to their effectiveness at reducing energy consumption, fa-
cilitating the integration of renewable sources in buildings (Dermentzis et al., 2021). The envi-
ronmental impact over the entire life cycle is significantly lower than the one calculated for a 
condensing boiler applied at the same conditions (Famiglietti et al., 2021).   

Access to the primary data of complex industrial products is a significant challenge in life 
cycle environmental assessment. It could lead to either incomplete life cycle assessment or in-
valid results caused by misleading assumptions. Heat pump units are an example of these in-

1 Department of Energy, Politecnico di Milano, 20156 Milano, Italy
E-mail: kevin.autelitano@polimi.it
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dustrial products in which evaluating their environmental impact requires several data of their 
components. 

Therefore, providing the mathematical models that are able to scale energy systems based on 
a few technical characteristics is crucial for life cycle assessment.

For Life-Cycle Assessment related to heat generators, the absence of primary data requires 
the use of scaling factors to describe in detail all the components involved (Caduff et al., 2014). 
The parametrization could be performed in function of the total mass of the machine. Although 
all the manufacturers provide the overall mass data on the datasheet, since the model of the heat 
generator is chosen during the final design phases, this information might not be available to LCA 
practitioners for their scopes. In order to speed up the evaluation, it becomes essential to have a 
mathematical model able to forecast an affordable value of mass related to the power required.

The work aimed to assume empirical relationships between capacity and mass, or refrigerant 
charge, by searching a correlation between the information present on the datasheets provided by 
manufacturers.

Actually, there are some empirical relationships that, depending on the type of heat pump 
studied, can be used to forecast the mass of the machine in the function of the known power 
(Kemna et al., 2019). This work aims to improve the power-mass reports produced by other au-
thors, e.g., Kemna et al. (2019), Caduff et al. (2014), and Famiglietti et al. (2022), by increasing 
their range and technologies to the Italian market.

2.  Material and method

For space heating, space cooling, and domestic hot water services, heat pumps transfer energy 
(by condensation or evaporation) from external and selected sources, such as water, air, or a 
ground source. The heat transfer takes place using a refrigerant, which absorbs heat when it 
evaporates and releases heat when it condenses. The efficiency of the heat pumps is defined by 
the Coefficient Of Performance (COP), which is the ratio of the heat generated by the appliances 
(heat output) to the amount of electricity consumed to generate it (work input). For chillers, it is 
called Energy Efficiency Ratio (EER).

In the following sections, the method adopted to find out the correlations, as well as the way 
to test their efficiency under real conditions, is presented.

2.1.  Power-Law relationships

All the commercial Heat Pumps (HPs) present in the market were collected according to: model, 
capacity, presence of inverter and internal tanks for Domestic Hot Water (DHW), COP, mass, 
type and charge of refrigerant gas. The required information was carried out by analyzing the 
technical datasheets provided by the manufacturers listed in the Conto Termico database (GSE, 
2020).

It is important to note that the term “heat pump” is also used to define chillers. In this specific 
case, the research is focused on heating systems only.

The key properties were reported under the following standard conditions:
yy brine with 0°C and water with 35°C (B0/W35);
yy air with 2°C and water with 35°C (A2/W35);
yy water with 10°C and water with 35°C (W10/W35);
yy External air 7°C and internal ambient temperature at 20°C (A7/A20)
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After the collection process, the appliances were grouped to the cold source used. Where HPs 
contain the tank integrated for DHW production, its weight was removed to improve the correla-
tion results. As a result of grouping, the study analyzed the following HP technologies:

yy water/water (WW) (45 HPs - range between 7 kW and 35 kW);
yy brine/water (BW) (49 HPs - range between 3 kW and 32 kW);
yy air/air (AA) (15’509 HPs - range between 1 kW and 35 kW);
yy air/water (AW) (2’138 HPs - range between 3 kW and 948 kW);
yy R32 (6’190 HPs - range between 2 kW and 19 kW);
yy R410a (10’410 HPs - range between 2 kW and 948 kW);
yy R134a (22 HPs - between 1 kW and 787 kW).

Law relationships were described using the appliance’s power to obtain the mass. The same ap-
proach was repeated to obtain the refrigerant mass charge by analogy. Trend curves representing 
the behavior between the properties were potential (m = ai  ⁎ Power bi

 ), exponential (m = ai  ⁎ 
e (bi ⁎ Power) ), or linear functions (m = ai  ⁎ Power + b

i 
) – evaluated through the Ordinary Least 

Squares (OLS) regression method (Owen, 1991).
The reliability of the relationships provided was analyzed through the assessment of R2. The 

potential correlations were described using the above functions, selecting the best R2 (Coefficient 
of determination). To improve the interpolations, the following procedure was implemented:

yy interpolations with an R2 lower than 0.5 were improved, excluding extreme outliers. The 
value 0.5 was defined as a threshold representing the minimum quality to be accepted for 
good interpolation;

yy the extreme outliers were determined using the box plot method as described by Tukey 
(1977), following the equation n.1:

Q1 − 3 ⁎ IQR  ≤  mass  ≤  Q3 − 3 ⁎ IQR (1)

Where: 
yy Q1 and Q3 are the 25th and 75th percentile;
yy IQR is the InterQuartile Range (IQR).

2.2.  Validation of the Power-Law relationships

The relationships described above were evaluated through specific comparative Life Cycle As-
sessment studies obtained as comparison among the primary data from manufacturer technical 
sheets and data estimated throughout the law relationships. For every relationship, 3 nominal 
power values were selected along with the domain to have a respondence at the beginning, the 
average, and the end. The LCA analysis was performed considering two scenarios: (i) the use of 
primary data from the manufacturer datasheet and (ii) the mass forecasted by the correlation. The 
HPs were selected among the ones that returned the highest difference between forecasted and 
declared mass values.  

The LCA analysis was performed using Brightway2.0 software (Mutel, 2017). The heat 
pumps were modeled with from the cradle-to-grave approach (component production, assem-
bling, distribution, use stage, and end of life stage). The components of forecasted appliances 
were derived using a specific scaling factor as described by Famiglietti et al. (2022) based on 
the mass assessed. All the HPs (forecasted and not) were tested using scenarios derived from the 
CENED database (ARIA, 2020) concerning the useful heated or cooled surface, energy needs, 
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and Seasonal COP or EER. CENED provides open-data concerning Energy Performance Certi-
fications of the Lombardy Region. The lifespan of the appliances was fixed equal to 20 years, as 
defined by Kemna et al. (2019). 

Ecoinvent 3.8 cut-off was used as a background database (Wernet et al., 2016), while the EF 
3.0 method was selected as a characterization method (Fazio et al., 2018). The test was carried out 
on 4 impact categories: i) Climate Change (CC), ii) Ozone Depletion (OD), iii) Human Toxicity 
Carcinogenic (HTC), and Resource Use Metals and Minerals (RUMM), selected because they 
would have been the impact categories the most affected by this kind of analysis. The functional 
unit chosen for the analysis was 1 kWhth provided by the appliances. 

2.3.  Monte-Carlo analysis for the evaluation of the uncertainty

Error propagation via Monte Carlo (MC) analysis was performed to obtain estimates of the un-
certainty associated with the results (Pizzol, 2019). 

The MC analysis was performed, i) assessing the activity data’s quality by evaluating geo-
metric standard deviations using the pedigree matrix (Henriksen et al., 2021). Once the uncer-
tainties have been associated with each activity data, the MC analysis was set up, performing 
the calculation for the two scenarios. The number of executions was fixed equal to 1’000 with 
dependent sampling, so every MC analysis was represented by a list of 1’000 samples. 

The results obtained by the two scenarios were checked in order to verify if they were statis-
tically comparable. For every impact category, it was the probability that the forecasted data give 
results higher than primary data (see equation n.2): 

The probability test, typically used in commercial software, was used to check if the two distri-
butions were statistically comparable (results approx. equal to 50%).

In order to increase the consistency of the results, another statistic test was performed, the 
null hypothesis test. This test was implemented as follows: 

yy the distributions were tested for normality using the Shapiro-Wilk test (Shapiro, S.; Wilk, 
M., 1965);

yy the paired test (p < 0.05) and Bonferroni correction to avoid false positives for normally 
distributed results;

yy the nonparametric pairwise Wilcoxon Rank Sum test (α = 0.05 and Bonferroni correction) 
for not normally distributed results (Pizzol, 2019).

3.  Results

In this section, the results obtained are shown, presenting the correlations according to the R2 and 
the results obtained by LCA analysis (both for deterministic and stochastic approaches).
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3.1.  R2 results

Tables 1 show the correlations among powers and masses/refrigerant charges. In total, 7 relation-
ships were reported showing the R2 values and the range in which they are tested. 

It this important to emphasize that predicted mass values from HPs that use water or brine as 
a cold source do not consider the presence of a potential hot water storage tank integrated inside 
the machine. 

Table 1. correlations mass-power with R2 value

Heat pump type Interpolation relationship R2 Range

Water 0.58 7 kW – 35 kW

Brine 0.57 3 kW – 32 kW

Air/air 0.57 1 kW – 35 kW

Air/water 0.90 3 kW – 948 kW

R32 0.74 2 kW – 19 kW

R410a 0.91 2 kW – 948 kW

R134a 0.98 1 kW – 787 kW

Figure 1 represents all the appliances involved in the study. All the heat pumps were described 
in terms of mass and power in a scattered chart, and the relationships were represented to show 
graphically how the trend worked compared with them.
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Figure 1: correlations obtained in mass-power chart

3.2.  LCA results

Table 2 shows the deterministic results obtained for each power-law relationship developed. The 
tables indicate the technology, the capacity evaluated for each technology, the outcomes obtained 
for the two assessments compared (using primary data and using the relationship). The variation 
was figured out by the ratio between the difference between the two results obtained and the 
predicted data.
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Table 2. Results from deterministic approach

Technology Capacity 
[kW]

Potential impact 
[Unit / FU]

Predicted 
data

Primary 
data

Var 
[%]

Water

9.90

CC [kgCO2eq/kWhth] 3.15E-02 3.24E-02 2.85

OD [kgCFC11eq/kWhth] 1.30E-08 1.31E-08 0.55

HTC [CTUh/kWhth] 3.76E-11 4.47E-11 18.97

RUMM [kgSbeq/kWhth] 3.15E-06 3.73E-06 18.32

12.60

CC [kgCO2eq/kWhth] 1.37E-02 1.40E-02 2.02

OD [kgCFC11eq/kWhth] 5.85E-09 5.87E-09 0.38

HTC [CTUh/kWhth] 1.36E-11 1.58E-11 16.24

RUMM [kgSbeq/kWhth] 1.13E-06 1.31E-06 15.76

31.50

CC [kgCO2eq/kWhth] 3.55E-02 3.50E-02 1.23

OD [kgCFC11eq/kWhth] 1.63E-08 1.63E-08 0.21

HTC [CTUh/kWhth] 1.73E-11 1.39E-11 24.60

RUMM [kgSbeq/kWhth] 1.40E-06 1.12E-06 24.59

Brine

7.50

CC [kgCO2eq/kWhth] 5.93E-02 5.89E-02 0.67

OD [kgCFC11eq/kWhth] 2.77E-08 2.77E-08 0.10

HTC [CTUh/kWhth] 2.87E-11 2.48E-11 13.59

RUMM [kgSbeq/kWhth] 2.36E-06 2.04E-06 13.55

13.20

CC [kgCO2eq/kWhth] 3.91E-02 1.87E-02 1.04

OD [kgCFC11eq/kWhth] 1.81E-08 1.81E-08 0.18

HTC [CTUh/kWhth] 2.03E-11 1.71E-11 18.65

RUMM [kgSbeq/kWhth] 1.66E-06 1.40E-06 18.65

31.29

CC [kgCO2eq/kWhth] 1.56E-01 1.55E-01 0.49

OD [kgCFC11eq/kWhth] 7.35E-08 7.34E-08 0.08

HTC [CTUh/kWhth] 5.78E-11 5.18E-11 11.51

RUMM [kgSbeq/kWhth] 4.63E-06 4.15E-06 11.63

(continued on the next page)
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Technology Capacity 
[kW]

Potential impact 
[Unit / FU]

Predicted 
data

Primary 
data

Var 
[%]

Air-air

5.00

CC [kgCO2eq/kWhth] 1.49E-02 1.51E-02 1.05

OD [kgCFC11eq/kWhth] 6.84E-09 6.85E-09 0.16

HTC [CTUh/kWhth] 5.80E-12 7.33E-12 20.87

RUMM [kgSbeq/kWhth] 5.37E-07 6.60E-07 18.63

15.50

CC [kgCO2eq/kWhth] 4.89E-02 4.75E-02 2.86

OD [kgCFC11eq/kWhth] 2.25E-08 2.23E-08 0.89

HTC [CTUh/kWhth] 2.64E-11 1.59E-11 39.77

RUMM [kgSbeq/kWhth] 2.17E-06 1.32E-06 39.17

33.50

CC [kgCO2eq/kWhth] 5.12E-02 5.07E-02 0.98

OD [kgCFC11eq/kWhth] 2.35E-08 2.35E-08 0.04

HTC [CTUh/kWhth] 2.99E-11 2.55E-11 14.72

RUMM [kgSbeq/kWhth] 2.41E-06 2.05E-06 14.94

Air-water

7.00

CC [kgCO2eq/kWhth] 5.11E-02 5.59E-02 8.74

OD [kgCFC11eq/kWhth] 2.40E-08 2.44E-08 1.60

HTC [CTUh/kWhth] 2.08E-11 5.94E-11 65.01

RUMM [kgSbeq/kWhth] 1.72E-06 4.85E-06 64.43

107.50

CC [kgCO2eq/kWhth] 5.07E-02 5.59E-02 9.00

OD [kgCFC11eq/kWhth] 2.40E-08 2.44E-08 2.00

HTC [CTUh/kWhth] 1.79E-11 5.94E-11 70.00

RUMM [kgSbeq/kWhth] 1.49E-06 4.85E-06 69.00

478.40

CC [kgCO2eq/kWhth] 2.97E-01 2.99E-01 0.57

OD [kgCFC11eq/kWhth] 1.37E-07 1.38E-07 0.10

HTC [CTUh/kWhth] 1.56E-10 1.70E-10 8.79

RUMM [kgSbeq/kWhth] 1.23E-05 1.34E-05 8.99

Table 2: (continued from previous page)

(continued on the next page)
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Technology Capacity 
[kW]

Potential impact 
[Unit / FU]

Predicted 
data

Primary 
data

Var 
[%]

R32

2.46

CC [kgCO2eq/kWhth] 5.54E-03 8.36E-03 51.01

OD [kgCFC11eq/kWhth] 5.81E-09 9.96E-09 71.36

HTC [CTUh/kWhth] 8.86E-12 8.95E-12 1.03

RUMM [kgSbeq/kWhth] 7.99E-07 8.00E-07 0.16

9.00

CC [kgCO2eq/kWhth] 2.49E-02 3.10E-02 24.23

OD [kgCFC11eq/kWhth] 2.92E-08 3.81E-08 30.34

HTC [CTUh/kWhth] 2.99E-11 3.01E-11 0.65

RUMM [kgSbeq/kWhth] 2.50E-06 2.51E-06 0.11

18.17

CC [kgCO2eq/kWhth] 1.11E-02 8.81E-03 26.54

OD [kgCFC11eq/kWhth] 1.37E-08 1.03E-08 33.38

HTC [CTUh/kWhth] 1.02E-11 1.01E-11 0.75

RUMM [kgSbeq/kWhth] 8.31E-07 8.30E-07 0.13

R410a

16.00

CC [kgCO2eq/kWhth] 4.80E-02 7.82E-02 62.80

OD [kgCFC11eq/kWhth] 1.55E-08 2.61E-08 68.62

HTC [CTUh/kWhth] 3.74E-11 3.77E-11 0.63

RUMM [kgSbeq/kWhth] 3.03E-06 3.04E-06 0.11

31.50

CC [kgCO2eq/kWhth] 2.03E-01 3.30E-01 62.30

OD [kgCFC11eq/kWhth] 6.90E-08 1.14E-07 64.73

HTC [CTUh/kWhth] 5.76E-11 5.86E-11 1.71

RUMM [kgSbeq/kWhth] 4.62E-06 4.63E-06 0.30

796.00

CC [kgCO2eq/kWhth] 1.85E-01 1.92E-01 3.91

OD [kgCFC11eq/kWhth] 6.44E-08 6.69E-08 3.97

HTC [CTUh/kWhth] 4.87E-12 4.93E-12 1.15

RUMM [kgSbeq/kWhth] 2.53E-07 2.53E-07 0.31

Table 2: (continued from previous page)

(continued on the next page)
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Technology Capacity 
[kW]

Potential impact 
[Unit / FU]

Predicted 
data

Primary 
data

Var 
[%]

R134a

332.30

CC [kgCO2eq/kWhth] 3.98E-02 5.23E-02 31.34

OD [kgCFC11eq/kWhth] 5.16E-08 7.19E-08 39.20

HTC [CTUh/kWhth] 5.47E-11 5.53E-11 0.98

RUMM [kgSbeq/kWhth] 4.31E-06 4.32E-06 0.15

585.60

CC [kgCO2eq/kWhth] 2.20E-01 2.35E-01 6.97

OD [kgCFC11eq/kWhth] 3.00E-07 3.25E-07 8.27

HTC [CTUh/kWhth] 2.35E-10 2.35E-10 0.28

RUMM [kgSbeq/kWhth] 1.83E-05 1.83E-05 0.04

786.70

CC [kgCO2eq/kWhth] 9.91E-02 9.28E-02 6.79

OD [kgCFC11eq/kWhth] 1.37E-07 1.27E-07 8.06

HTC [CTUh/kWhth] 1.02E-10 1.01E-10 0.27

RUMM [kgSbeq/kWhth] 7.93E-06 7.93E-06 0.04

3.3.  Results from Monte-Carlo analysis

Figure 2 represents the comparison between the distributions obtained after the Monte-Carlo 
analysis. For the picture, the two cases representing the scenarios were reported. The subplot (a) 
is related to the test performed for an HP water-water at a capacity equal to 9.9 kW on the OD 
indicator. The subplot (b) shows the test performed on a water-water HP with power equal to 9.9 
kW, evaluating the CC impact category results.

 

Figure 2: comparison between MC analysis

Table 2: (continued from previous page)
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4.  Discussion 

The results obtained using the deterministic approach reported, for all the tests, that the relation-
ships need to be improved. For mass-power curves, the variation in the environmental profile 
between the two assessments predominantly remained significately under 10% in CC and OD 
emission factors. This trend is not confirmed for HTC and RUMM, where the variation reported 
assessments between 8% and 70%. It was noted that the mentioned variation decreased while the 
power of the HP tested had been increased. In the case of the mass charge-power relationships, 
the impact category the most variable was OD, where the variation reached values up to 71%. 
Even in this case, corrections and improvements of the presented interpolations are necessary. 
The adoption of a stochastic approach confirmed the same results. For mass-power relationships, 
the null hypothesis did not verify the condition of equality between the two distribution in HTC 
and RUMM emission factors except in one test (air-water relationship with power equal to 578.40 
kWth). The null hypothesis applied for mass charge-power relationships did not verify the con-
dition of equality between the two distribution in CC and OD emission factors, except in all 
the tests performed with HPs at power higher than 585.6 kWth. The analysis performed did not 
include the contribution of the electrical energy in the operation use phase but it was noticed that 
its presence would have reduced significately the variation between the assessments reported. In 
this specific case, the null hypothesys applied was verified for all the tests. 

5.  Conclusions

This report aims to find a correlation between mass, or gas charge, and power in heat pumps 
through an empirical process based on the correlation of primary data provided by manufactur-
ers. The robustness of the models was assessed by LCA analysis through a combination of a de-
terministic approach, aimed at determining the variation of emission factors when primary mass 
data were replaced by correlation data, and a stochastic approach by studying the distributions 
obtained by Monte-Carlo analysis. 

The correlations, which are the result of a process that is still in its preliminary state, but 
which has considerable potential for improvement, can be applied within models for LCA analy-
sis where the absence of primary mass data, or refrigerant gas charge, could be a problem.

The results obtained from the interpolated curves can be guaranteed to be within the stated 
ranges and for the emission factors verified, although their extension is under consideration.
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