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Abstract
Every consumer’s decision has an impact on the environment, and even basic food products such as pasta have an impact 
due to their high consumption rates. Factors that can be influenced by the consumer include the preparation (cooking), 
last mile and packaging phases. The last mile has not been considered in most studies but contributes considerably to the 
environmental impact of pasta. The three phases and their environmental impact on the life cycle of pasta are analyzed in 
this cradle-to-grave life cycle assessment. The focus of the study lies on the impact categories climate change, agricultural 
land occupation, fossil depletion, water depletion, freshwater eutrophication and freshwater ecotoxicity. Inventory data 
were taken from other studies, were collected in cooperation with a zero-packaging organic grocery store in Germany 
or were gained in test series. Our results show that the preparation of pasta has the greatest environmental impact 
(over 40% in the impact categories climate change and fossil depletion and over 50% in the impact category freshwater 
eutrophication), followed by the last mile (over 20% in the impact categories climate change and fossil depletion) and 
lastly the packaging (nearly 9% in the impact categories freshwater eutrophication and freshwater ecotoxicity). Based 
on our study´s results, we provide some recommendations for minimizing the environmental impacts of pasta.
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1 Introduction

1.1  Problem statement

Consumers are responsible for a much larger share of 
 CO2-emissions in Germany than previously thought, with 
a share of about 40% including emissions of energy and 
transport sectors [1]. Based on the individual consump-
tion sectors of German private households, electricity 
consumption contributes 7%, mobility currently 19% 
and nutrition 15% per capita to the climate change bur-
den [2]. At this point it should already be noted that the 

preparation (electricity consumption), the last mile (mobil-
ity) and in general the choice of the product itself includ-
ing its packaging (nutrition) represent the areas of influ-
ence by the consumer. Pasta is one of the standard food 
products in the German retail trade, as it is consumed by 
the majority of the population between once and several 
times a week [3]. Pasta is also one of those products where 
the consumer has a certain amount of control over the 
packaging through the choice of alternative packaging 
options, such as buying food in zero-packaging grocery 
stores. In order to assess the environmental impact of 
pasta, it is necessary to consider the entire life cycle, which 
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is divided into various life cycle phases: The life cycle of 
pasta begins with the primary production (cultivation) of 
wheat, follows with the semolina and pasta production, 
packaging production, transports, last mile, packaging 
end-of-life (EoL), preparation and ends with the consump-
tion of the prepared pasta (and the disposal of waste). The 
environmental impact of pasta has largely been studied 
by using Life Cycle Assessment (LCA). In the life cycle of 
pasta, it is the primary production of durum wheat that 
contributes most of the environmental impact [4–6]. If, on 
the other hand, the phases of the life cycle of pasta that 
can be influenced directly by the consumer are brought 
into focus, they include preparation, last mile (customer’s 
shopping route) and packaging.

1.2  Current state of research

Several studies have already dealt with the topic of LCA of 
pasta, including the phases that can be influenced by the 
consumer. Among them are Bevilacqua et al. [7], De Cecco 
[4], Barilla [5], Valdigrano [6], Recchia et al. [8] and the Prod-
uct Environmental Footprint Category Rules (PEFCR) of the 
Union of organizations of manufactures of pasta products 
of the E.U. (UN.A.F.O.A) and Life Cycle Engineering [9]. The 
life cycle stages of different LCA studies on pasta consid-
ered and their results vary considerably depending on 
the study design. According to Bevilacqua et al. [7], the 
use phase (last mile and cooking with a gas cooktop) con-
tributes about 40% and the packaging production about 
15% to the environmental impacts of durum wheat pasta 
in the impact categories climate change and fossil fuels. 
The results of the environmental product declaration of 
De Cecco [4] show that the packaging production and 
disposal of durum wheat semolina pasta (with the dis-
tribution target Italy) accounts for almost 6% of the total 
climate change burden. The total environmental impact 
of the above-mentioned De Cecco pasta, excluding the 
preparation, was 1.5 kg  CO2-e for 1 kg of dried pasta. The 
results of the environmental product declaration for Barilla 
[5] showed that the packaging production and disposal 
represented almost 5% of the total climate change bur-
den of pasta (with the distribution target Italy), which was 
0.78 kg  CO2-e for 1 kg of dried pasta in total. According to 
the results of the LCA report of Valdigrano [6] on organic 
durum wheat semolina pasta (variety “Valbio”), the pack-
aging production and disposal accounts for about 10% 
of the total climate change burden. The environmental 
impact of organic Valdigrano pasta is slightly lower than 
that of De Cecco pasta, at 1.3 kg  CO2-e for 1 kg of dried 
pasta. Study results of Recchia et al. [8] showed that the 
environmental impact of high-quality pasta in the impact 
category climate change (GWP) with 1.7 kg  CO2-e for 1 kg 
of dried pasta is slightly lower than the environmental 

impact of conventional pasta with almost 1.8 kg  CO2-e for 
1 kg of dried pasta. The share of the preparation in the LCA 
of pasta was about 60% for both pasta variants. In contrast, 
the preparation according to the PEFCR [9] (characterized 
benchmark values) contributed only half as much to the 
environmental impact of pasta with about 30% compared 
to the results of Recchia et al. [8]. According to all the pre-
sented study results, the primary production of wheat 
causes a considerable proportion of the environmental 
impact [4–9], which is not presented here, however, as this 
phase cannot be influenced by the consumer. In the stud-
ies presented, the preparation contributes 30% to 60% and 
the packaging 5% to 15% to the overall LCA of pasta. There 
are no results for the percentage of the last mile on its own 
in the life cycle of pasta. The results for the environmental 
impact of the preparation and packaging of pasta alone 
suggest that it is important to consider the phases that can 
be directly influenced by the consumer.

In the following sections, the parameters of these three 
phases (preparation, last mile and packaging) are consid-
ered. The impact of the preparation strongly depends on 
the choice of hotplate and the amount of water among 
other factors. The environmental impact of the last mile 
depends mainly on the purchase distance and the pur-
chase weight and is subject to strong variations, especially 
due to the allocation of different route purposes [10].

In summary, LCA analyses of pasta have always taken 
the packaging into consideration, but the research on the 
preparation is seldom sufficient (as often only one prepa-
ration method or one type of stove was considered, cf. 
Section 4.1) and the last mile has been rarely examined. 
Only the study of Bevilacqua et al. [7] examined all three 
phases preparation, last mile and packaging, but in rela-
tion to conventional pasta and also only in relation to the 
private car as a means of transport for the last mile. Of all 
the studies presented, the study by Bevilacqua et al. [7] 
corresponds most closely to the study design of the cur-
rent research project. Hence, some of the study results of 
Bevilacqua et al. [7] have been adopted for the first phases 
of the LCA of this project (durum wheat semolina produc-
tion, pasta production and transport processes).

2  Research question

To this day, it remains unclear whether the consumer can 
exert major influence over the life cycle of organic durum 
wheat semolina pasta (DWS-pasta) through the type of 
preparation, the means of transport over the last mile and 
the choice of packaging. The current study establishes a 
connection between previous studies and our own cal-
culations and measurements of the three areas men-
tioned in relation to organic DWS-pasta. As a basis for the 
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calculation of the LCA within the Umberto LCA + [11] soft-
ware using the ecoinvent database [12], primary data on 
packaging was acquired in an organic certified zero-pack-
aging grocery store and an organic grocery store, both are 
located in Germany. For the calculation of the last mile, 
data on the shopping distance and the purchase weight 
was acquired from a study by Mohr [10]. Data for the prep-
aration of pasta were primarily collected within test series 
performed at the Faculty of Food, Nutrition and Hospitality 
Services of the Niederrhein University of Applied Sciences. 
The upstream chain "from cradle to retailer" serves as a foil 
against which the influence of the consumer stands out.

3  Methods

3.1  Goal and scope definition

The goal of this study is to investigate the environmen-
tal impact of the processes that can be influenced by the 
consumer on the life cycle of organic DWS-pasta. Our 
focus lies on the preparation process, the last mile and the 
packaging process. The functional unit (FU) of this study 
is pasta from Italy, prepared and ready to consume in Ger-
many, made of 1 kg dried, organic DWS-pasta. The scope 
is from cradle-to-grave. To increase the comparability of 
pasta bought from an organic zero-packaging grocery 
store with pasta bought from an organic grocery store, 
the processes of primary production, semolina production 
and pasta production including the associated transport 
processes (excluding last mile) are the same in both sce-
narios. Accordingly, only those processes differ in which 
the last mile, preparation, and packaging play a role. The 
LCA of this study is conducted according to the Interna-
tional Organization for Standardization (ISO) 14,040 and 
14,044 standards [13, 14].

Figure 1 shows a process flow diagram representing 
the processes in the LCA model. The system includes the 
phases wheat cultivation, semolina and pasta produc-
tion, packaging production, wholesale, retail shop, last 
mile, use phase and all transport processes between dif-
ferent locations. We distinguish between the two scenarios 
“unpacked” (UP) and “packed” (P). Within the scenario UP, 
the consumer buys the pasta from an organic zero-pack-
aging grocery store and carries it in a reusable cotton bag. 
Therefore, two cleaning processes are added, and their 
effect is calculated: On the one hand, the cleaning of the 
gravity bin (reusable container in which the pasta is stored 
and sold) in the zero-packaging grocery store and, on the 
other hand, the cleaning of the reusable container at the 
customer. Within the scenario P, the consumer buys pasta 
traditionally packed in plastic (0.5 kg-LDPE bag). For the 
scenario P, a further waste removal process is calculated: 

This involves the disposal of the primary packaging at the 
customer’s premises. Not included in the systems P and UP 
are the following activities:

• All kinds of assets like buildings, lorries, etc.,
• In particular: production, maintenance and cleaning of 

machines,
• Forklift truck operation and similar low energy-use pro-

cesses,
• Other general and administrative processes within the 

companies that are not directly attributable to pasta 
production, like e.g., lighting, heating etc. (cf. overhead 
costs),

• Processes regarding recycling of the packaging,
• In particular: production of gravity bin and reusable 

cotton bag (only applies to scenario UP)

Several material inputs and outputs that are directly 
connected with the process are mentioned but not cal-
culated due to the cut-off rules. See supplementary file 1 
for details. Regarding the data quality, see supplementary 
file 1 as well.

3.2  Life cycle inventory analysis

3.2.1  Collecting and calculating data

Data used in our model for all phases of the production 
from cradle up to pasta production were taken from Bev-
ilacqua et al. [7]. Data for the remaining phases were col-
lected by our own measurements, calculated on the basis 
of other study results. A table showing an overview of 
the collection and calculation of the individual life cycle 
phases of the LCA of pasta can be found in the supple-
mentary file 1.

3.2.2  Allocation

Ecoinvent (version 3.6 allocation at the point of substi-
tution [APOS]) [12] was used as the Life Cycle Inventory 
Database. The ILCD-Handbook [15] cites three different 
decision contexts, the so-called situations, A ("Micro-level 
decision support"), B ("Meso/macro-level decision sup-
port"), and C ("Accounting"). Situation A is appropriate 
in our case, i.e., our LCA yields a decision support in the 
micro-level by identifying key environmental performance 
indicators that are influenceable by the consumer. In ecoin-
vent this is a decision for the model Allocation (as opposed 
to Consequential, which models situation B, the meso-/
macroscopic approach) [16]. Ecoinvent/Umberto now 
comes with two models, Allocation, APOS [17] and Alloca-
tion, cut-off [18]. In the cut-off model, the primary produc-
tion process never obtains credits for reused or recycled 
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Fig. 1  Process flow diagram 
and system boundaries of 
organic durum wheat semolina 
pasta for both scenarios UP 
(zero-packaging organic 
grocery store) and P (organic 
grocery store). The diagram 
only shows major inputs and 
outputs. Please see bullet 
points at the end of Sect. 2.2 
for a list of excluded processes. 
Inputs and outputs that fall 
below the cut-off criteria are 
mostly not shown. For material 
flows in detail see supplemen-
tary file 1. At the end cooked 
pasta is consumed, therefore 
leaving the system as virtual 
flow not shown here. The 
transport processes between 
wholesale and retail shop are 
combined to a single transport 
process in the sequel
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waste. Instead, the producer of any good is fully respon-
sible for the disposal of its waste. This, of course, does 
not correspond to the consumer’s intention and action 
to reduce environmental impact. The model Allocation, 
APOS (formerly known as Allocation, ecoinvent default) 
follows the attributional approach in which burdens are 
attributed proportionally to specific processes. Therefore, 
our micro-decision models regarding food products in the 
consumer’s environment are generally modeled with Allo-
cation, APOS. Within the life cycle of pasta, two allocations 
occur, which in both cases are calculated by means of the 
economic value. The allocation between wheat and straw 
is considered in the ecoinvent dataset: While 93.1% of the 
environmental impact is attributed to wheat, the alloca-
tion factor for straw is 6.9% [19]. In the context of DWS pro-
duction there is a further allocation between DWS and DW 
husk, which is mostly used as animal feed. Here, the data of 
the masses from the study of Lo Giudice [20] and the data 
of the economic values from current stock exchange prices 
were used and calculated in the LCA model. The model 
results in the following allocation: 85% of the environmen-
tal impact are attributed to DWS and 15% to DW husks.

3.3  Life cycle impact assessment

Within the impact assessment, the collected data is 
divided into impact categories, and impact indicators 
are selected. This study uses the Life Cycle impact assess-
ment (LCIA) method ReCiPe 2008 Midpoint Hierarchist (H) 
[21]. The impact categories climate change (GWP), agri-
cultural land occupation (ALOP), fossil depletion (FDP), 
water depletion (WDP), freshwater eutrophication (FEP) 
and freshwater ecotoxicity (FET) were used for the impact 
assessment of the packaging (scenario P and UP) and 
preparation of pasta. In our view, all these impact catego-
ries are best for representing the environmental impact 
of a food product and its packaging. With regard to the 
environmental impact of the last mile, only the three 
impact categories GWP, FDP and FET were investigated, 
since the consideration of the entire life cycle showed that 
the last mile is particularly relevant in these three impact 
categories.

3.4  Uncertainty analysis

The consumer has an influence on the last mile, the 
preparation method and, within the limits of what can be 
bought, on the packaging (the reason for the study was 
an investigation of the influence of the final packaging on 
the LCA, initially limited to zero-packaging grocery stores). 
According to ISO 14040/14044 standards [13, 14], we per-
form uncertainty analyses with respect to these processes. 

The upstream chain is taken as a fixed background. For 
further details see supplementary file 1.

– The packaging characteristic is a nominal characteristic. 
Here, two types of packaging (scenario P and UP) were 
examined and compared.

– For the last mile, an average distance (12 km) for the 
shopping trip and an average weight (5  kg) of the 
shopping, of which the pasta is a fifth, was selected. 
The source for this is the work of Mohr [10]. Here we 
assume that the trip is made by car or afoot solely for 
the purpose of shopping. Thus, the impact assessment 
factors for this trip are to be calculated and then pro-
portionally calculated down to the kg of pasta. For the 
transport distance and the purchase weight of the last 
mile, a sensitivity analysis was carried out as an uncer-
tainty analysis. The environmental impact of the con-
sumer transport is allocated physically, i.e., by propor-
tion of weight. We do not use the PEFCR guidance ([22], 
Sect. 7.14.1.3) as modeling guidelines for consumer 
transport, since this underestimates the influence of 
the consumer transport.

– To investigate the environmental impact caused by the 
preparation of pasta, the three factors water quantity, 
lid and energy level were investigated according to 
a full factorial experimental design [23]. A particular 
electric stove (mobile induction hob) was chosen to 
perform the preparation. Energy consumption was 
measured using a mobile measuring device. The prep-
aration of 0.1 kg of pasta was studied with three fac-
tors (amount of water 0.5 l and 1 l, with and without 
lid, variation of the stove setting during the cooking 
process) on energy consumption. The amount of pasta 
cooked remained constant in each case. Each cooking 
experiment was performed three times. For the energy 
consumptions used for the model, the mean values of 
the three measurements were used. The variance of the 
measured values within a preparation method proved 
to be small compared to the overall effect of the prepa-
ration method in this phase. The overall impact of this 
phase is reported in the evaluation as a range between 
the lowest and highest impacts.

4  Results

4.1  Contribution of all life cycle phases of pasta

For a complete overview of the environmental impact 
of all phases, the entire life cycle of pasta is considered 
here, from initial production to preparation. The scenario 
P is used for the calculation, and it is assumed that the 
customer does the shopping route by car. The results for 
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the contribution of life cycle phases of pasta are shown 
in Fig. 2.

Results displayed in the bar graph (Fig. 2) show that 
most environmental impact is caused by the life cycle 
phases primary production, preparation and last mile.

4.2  Environmental impact of primary production, 
semolina and pasta production, and transports

Primary production accounts for 17% (all percentages 
are rounded to integers) of the GWP with a value of 620 g 
 CO2-e. With 2.59   m2a for ALOP (89%), 0.18   m3 for WDP 
(83%) and 5 g 1,4-DCB-e for FET (62%), primary produc-
tion has the highest share in these three impact catego-
ries. In the impact category FEP, the environmental impact 
of wheat cultivation, at 0.2 g P-e, is 36%. Related to FDP, 
the cultivation of wheat has a relatively small influence 
with a proportion of 9% (88.2 g oil-e).

The production processes for semolina and pasta com-
bined cause only a minor environmental impact. In com-
parison to the other impact categories, the highest impact 
of both production processes is in the impact category 
FDP with 81.1 g oil-e (8%). The next highest values are 
136 g  CO2-e (4%) for GWP and 0.3 g 1,4-DCB-e (4%) for 
FET. Within the impact categories ALOP, WDP and FEP, the 
values for the production processes of semolina and pasta 
are below 3%.

The transport processes (excluding the last mile) 
account for 9% of the FDP with 89.4 g oil-e and 7% of the 
GWP with 253 g  CO2-e. In the impact category FET, trans-
ports account for 0.2 g 1,4-DCB-e (3%) of the environmen-
tal impact. Within the remaining impact categories ALOP, 
WDP, FEP, the environmental impact of the transport pro-
cesses is less than 1%.

Results for packaging phases (production and EoL), last 
mile and preparation are considered separately in the fol-
lowing sections due to their high relevance for this study.

4.3  Environmental impact of the life cycle phase 
packaging

4.3.1  Environmental impact of the packaging in the life 
cycle of pasta

If the scenario P is calculated within the life cycle of pasta, 
the packaging (production and EoL of the primary, sec-
ondary and tertiary packaging) accounts for a relatively 
small part of the environmental impact, in contrast to the 
last mile and the preparation (see Fig. 2). The percentage 
share of packaging (scenario P) in the life cycle of pasta is 
below 10% in all impact categories investigated. Packag-
ing has its highest percentage share in the impact catego-
ries FEP and FET with 9% each. These are followed by the 
shares in the impact categories FDP with 7%, GWP with 
7%, ALOP with 6% and WDP with 2% (see Fig. 2).

4.3.2  Environmental impact of two different packaging 
scenarios for pasta

For the next comparison between the two scenarios P and 
UP, only those phases that are impacted by the packaging 
are examined. Accordingly, only the packaging produc-
tion, the transport processes three and four (excluding 
the last mile), the disposal of the packaging and, in the 
scenario UP, the cleaning processes of the gravity bin and 
reusable cotton bag are considered. Of course, the envi-
ronmental impact of the transport processes refers not 
only to the packaging, but also to the pasta within the 
packaging.

Figure 3 and Table 1 show the results of the compari-
son between the two packaging scenarios within the six 
impact categories GWP, ALOP, FDP, WDP, FEP and FET in 
relation to the baseline scenario P for the four phases 
packaging production, transports, cleaning process, 
and packaging EoL. Within all impact categories there 
are considerable differences between the packaging 

Fig. 2  Relative contribution of 
all life cycle phases, calculated 
within the six impact catego-
ries climate change (GWP), 
agricultural land occupation 
(ALOP), fossil depletion (FDP), 
water depletion (WDP), fresh-
water eutrophication (FEP) 
and freshwater ecotoxicity 
(FET). For the packaging it is 
assumed that pasta is bought 
in an organic grocery store 
(scenario P)
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scenarios P and UP: In three impact categories, the envi-
ronmental impact for scenario UP is less than 50% com-
pared to scenario P in these four phases. In the impact 
category FEP, scenario UP has the lowest share of 32% 
compared to scenario P (100%) (93% in relation to the 
total for the complete FU), followed by 35% for WDP 
(98% in relation to total) and 39% for FET (93% in relation 
to total). Compared to scenario P (100%), the scenario 

UP in these four phases has higher shares in the impact 
categories GWP with 59% (95% in relation to total), FDP 
with 61% (94% in relation to total) and ALOP with 63% 
(94% in relation to total).

Packaging production always has a higher environ-
mental impact for scenario P than for UP, especially in 
the impact category ALOP, as more cardboard packag-
ing materials are used in the scenario P. As there are no 
major differences between the values for the scenarios P 
and UP during the transport phase, it can be concluded 
that the largest share of the environmental impact of 
transports is attributable to the pasta. The environmen-
tal impact of packaging EoL is on average about three 
times higher for scenario P than for UP due to the larger 
amount of packaging material. A particularly high pro-
portion of the packaging EoL is within the impact cat-
egories WDP, FEP and FET.

Except for WDP, the cleaning processes of the scenario 
UP account for only a very small proportion of the envi-
ronmental impact. Since it was assumed that the cus-
tomer washes the cotton bag only after every tenth use, 
and because the bag makes up only a small percentage 
of the total amount of laundry, this cleaning process has 
such a low environmental impact. If the cotton bag were 
to be washed after every use, the environmental impact 
of this cleaning process would increase tenfold, but the 
UP scenario would still have lower impact in all impact 
categories except WDP.
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Fig. 3  Packed (P) vs. unpacked (UP) pasta. The results for the 
“packed” scenario are set to 100%, including the 4 phases packag-
ing production, transports (excluding last mile), cleaning processes 
and packaging EoL only. The following impact categories were 
considered: climate change (GWP), agricultural land occupation 
(ALOP), fossil depletion (FDP), water depletion (FDP), freshwater 
eutrophication (FEP), freshwater ecotoxicity (FET)

Table 1  Environmental impact of the packaging scenarios P 
(packed) and UP (unpacked) within the six impact categories cli-
mate change (GWP), agricultural land occupation (ALOP), fossil 

depletion (FDP), water depletion (WDP), freshwater eutrophication 
(FEP) and freshwater ecotoxicity (FET)

Impact 
category

Pack-
aging 
scenario

Upstream 
impacts

Packaging 
Production

Transports Cleaning 
Processes

Packaging 
EoL

Total 
impacts

Percentage 
in relation 
to baseline 
scenario (4 
phases only)

Percentage 
in relation 
to baseline 
scenario (total 
for functional 
unit)

GWP [kg 
 CO2-e]

P 3.17E + 00 1.05E-01 2.15E-01 0 1.36E-01 3.63E + 00 100% 100%

UP 3.17E + 00 2.33E-02 2.04E-01 1.79E-03 3.79E-02 3.44E + 00 59% 95%
ALOP  [m2a] P 2.73E + 00 1.09E-01 1.90E-03 0 7.26E-02 2.91E + 00 100% 100%

UP 2.73E + 00 8.52E-02 1.80E-03 1.66E-03 2.66E-02 2.85E + 00 63% 98%
FDP [kg 

oil-e]
P 8.39E-01 4.36E-02 7.65E-02 0 2.93E-02 9.88E-01 100% 100%

UP 8.39E-01 8.56E-03 7.24E-02 3.91E-04 9.85E-03 9.30E-01 61% 94%
WDP  [m3] P 2.10E-01 1.89E-03 2.10E-04 0 3.11E-03 2.16E-01 100% 100%

UP 2.10E-01 1.34E-04 1.98E-04 7.17E-04 7.59E-04 2.12E-01 35% 98%
FEP [kg P-e] P 4.53E-04 6.50E-06 2.07E-06 0 3.71E-05 4.99E-04 100% 100%

UP 4.53E-04 2.60E-06 1.96E-06 7.39E-07 9.22E-06 4.68E-04 32% 94%
FET [kg 1,4-

DCB-e]
P 7.12E-03 2.87E-04 1.76E-04 0 4.09E-04 7.99E-03 100% 100%

UP 7.12E-03 6.56E-05 1.67E-04 3.28E-06 1.05E-04 7.46E-03 39% 93%
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4.4  Environmental impact of the life cycle phase 
last mile

4.4.1  Environmental impact of the last mile in the life cycle 
of pasta

As already shown in Fig. 2, the last mile phase (customer’s 
shopping route) accounts for a significant proportion of 
the environmental impact in the three impact catego-
ries GWP, FDP, and FET as soon as the car is chosen as the 
means of transport. There are three major factors that are 
decisive here: the distance traveled, the quantity (weight) 
of the purchase, and the means of transport.

4.4.2  Environmental impact of the last mile transport 
choice

Comparing the last mile by car and afoot, there are reduc-
tions in the environmental impact within the three impact 
categories GWP, FDP and FET. Figure 4 shows the compari-
son between the shopping distance traveled by car and 

the purchase distance traveled afoot related to the total 
impact of the functional unit. The GWP is 3.63 kg  CO2-e for 
the life cycle of pasta, if the customer covers the shopping 
distance by car. If, on the other hand, the customer walks 
to the retail store, the environmental impact is reduced by 
21% and the GWP is 2.85 kg  CO2-e. Within the impact cat-
egory FDP, the value is reduced by 25%: the environmental 
impact is 0.99 kg oil-e for the shopping distance by car and 
0.74 kg oil-e for walking. The value for FET is 7.99E-03 kg 
1,4-DCB-e if the customer chooses the car as a means of 
transport and 6.68E-03 kg 1,4-DCB-e if they walk. Accord-
ing to this, the environmental impact is reduced by 16%.

4.4.3  Sensitivity analysis of the purchase distance 
and purchase weight

To examine the influence of the purchase distance and 
purchase weight in more detail, sensitivity analyses for the 
last mile when using a car as a means of transport were 
conducted. In relation to the GWP, a linear gradient can be 
observed as the purchasing distance increases (see Fig. 5). 
The purchase distance of 0 km represents the customer’s 
shopping route afoot, as in effect no environmental impact 
is attributed to the last mile within this scenario.

Within the baseline scenario (12 km), 0.79 kg  CO2-e is 
attributed to the last mile. If the purchase distance is only 
1 km, the environmental impact in the impact category 
GWP can be reduced by 92% in this phase (by 20% related 
to the total). With a longer purchase distance of 24 km, 
the GWP increases by 96% to a value of 1.55 kg  CO2-e 
compared to the baseline scenario in this phase (by 21% 
related to the total).

The amount of purchasing also plays a decisive role, 
as the environmental impact of the last mile is attributed 
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Fig. 4  Comparison of the last mile scenarios "Car" (100%) and 
"Afoot" (proportionately to the 100%) in the three impact catego-
ries climate change (GWP), fossil depletion (FDP) and freshwater 
ecotoxicity (FET). The graph includes all life cycle phases of pasta

Base 
scenario  Base 

scenario 

Fig. 5  Sensitivity analysis of the two influencing factors purchase 
distance and purchase weight on the environmental impact (cli-
mate change [GWP]) of the last mile. Left: Sensitivity analysis of the 
purchase distance: GWP when traveling the last mile by car with a 
varying purchase distance (1, 4, 8, 12, 16, 20 and 24 km; phase last 

mile only) and constant purchase weight (5  kg). Right: Sensitivity 
analysis of the purchase weight: GWP when traveling the last mile 
by car with a varying purchase weight (1, 2, 3, 5, 10, 15 and 20 kg) 
and a constant purchase distance (12 km) (phase last mile only)
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proportionally. Accordingly, the GWP decreases with an 
increasing purchase weight. Figure 5 shows that the GWP 
for the phase last mile is relatively high, with 3.86 kg  CO2-e 
for a purchasing weight of 1 kg. For a purchasing weight 
of 5 kg (baseline scenario), the GWP of 0.79 kg  CO2-e is 
already reduced by more than four times. Of course, the 
GWP here is reciprocally proportional to the distance. At 
10, 15 and 20 kg purchase weight, the GWP only decreases 
slightly in comparison to the baseline scenario (5 kg).

4.5  Environmental impact of the life cycle phase 
preparation

4.5.1  Environmental impact of the preparation in the life 
cycle of pasta

The preparation contributes proportionally the most to 
the environmental impact of three factors that can be 
influenced by the consumer, as already shown in Fig. 2. All 
percentages below refer to the corresponding total of the 
impact category for the functional unit. The preparation 
has the highest percentage shares in the impact categories 
GWP with 1.6 kg  CO2-e (44%), FDP with 0.41 kg oil-e (41%), 
and FEP with 2.53E-04 kg P-e (51%) in the context of the 
entire life cycle of pasta. Preparation has a smaller share in 
the life cycle of pasta in the impact categories WDP with 
0.03  m3 (13%), FET with 5.38E-04 kg 1,4-DCB-e (7%), and 
ALOP with 0.11  m2a (4%).

4.5.2  Environmental impact of different preparation 
methods

The results of the impact assessment within the impact 
categories GWP, ALOP, FDP, WDP, FEP, and FET for the 
eight preparation methods can be found in Table 2 (cook-
ing phase only). A supplementary bar chart shows the 
environmental impacts in the impact category GWP (see 
Fig. 6). 

Based on Table 2 and Fig. 6, the set energy level of 
the induction hotplate has the highest environmental 
impact compared to the other two factors. The four prep-
aration methods with factor level combination max-med 
have a higher environmental impact than the prepara-
tion methods with factor level max–min combination in 
all impact categories (see Table 2). The factor with the 
next highest environmental impact is represented by the 

Table 2  Environmental impact of eight different preparation meth-
ods in the impact categories climate change (GWP), agricultural 
land occupation (ALOP), fossil depletion (FDP), water depletion 
(WDP), freshwater eutrophication (FEP) and freshwater ecotoxicity 

(FET) for the cooking phase only. A distinction is made between 
the three factors water quantity (0.5  l or 1  l), lid (lid or no lid) and 
energy level (max-min1 or max-med2). The baseline scenario is rep-
resented by the factor level combination "1 l; no lid; max-med"

1 Max-min: water was boiled at maximum power setting (2000 W). After reaching the boiling stage and adding pasta and salt, the minimum 
power setting (200 W) was set
2 Max-med: water was boiled at maximum power setting (2000 W). After reaching the boiling stage and adding pasta and salt, the medium 
power setting (1000 W) was set

Preparation method (amount 
of water; lid; energy level)

Impact category

GWP [kg  CO2-e] ALOP  [m2a] FDP [kg oil-e] WDP  [m3] FEP [kg P-e] FET [kg 1,4-DCB-e]

0.5 l; lid; max–min 6.66E-01 4.59E-02 1.67E-01 1.28E-02 1.04E-04 2.29E-04
1 l; lid; max–min 9.50E-01 6.58E-02 2.40E-01 2.17E-02 1.53E-04 3.32E-04
0.5 l; no lid; max–min 6.56E-01 4.53E-02 1.65E-01 1.27E-02 1.03E-04 2.26E-04
1 l; no lid; max–min 9.72E-01 6.74E-02 2.46E-01 2.19E-02 1.56E-04 3.38E-04
0.5 l; lid; max-med 1.27E + 00 8.82E-02 3.22E-01 1.92E-02 1.97E-04 4.19E-04
1 l; lid; max-med 1.57E + 00 1.10E-01 4.00E-01 2.83E-02 2.49E-04 5.28E-04
0.5 l; no lid; max-med 1.28E + 00 8.92E-02 3.25E-01 1.93E-02 1.99E-04 4.23E-04
1 l; no lid; max-med 1.60E + 00 1.12E-01 4.08E-01 2.86E-02 2.53E-04 5.38E-04

G
W

P 
[k

g 
CO

₂-
e]

0.5 l; lid; max-min 1 l; lid; max-min 0.5 l; no lid; max-min 1 l; no lid; max-min

0.5 l; lid; max-med 1 l; lid; max-med 0.5 l; no lid; max-med 1 l; no lid; max-med

0.67 

0.95 

0.66 

0.97 

1.27

1.57 

1.28 

1.60 

Fig. 6  Comparative environmental impact of the preparation of 
0.1 kg of pasta in the impact category GWP (cooking phase only). A 
distinction is made between the three factors water quantity (0.5 l 
or 1 l), lid (lid or no lid) and power setting (max–min or max-med). 
The baseline scenario is represented by the factor level combina-
tion "1 l; no lid; max-med"
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amount of water. Preparing 0.1 kg of pasta in 1 l of water 
always has higher environmental impact than preparing 
the same amount of pasta in 0.5 l of water. The effect of 
the factor lid is negligible.

In relation to the entire life cycle of pasta, the prepara-
tion (cooking) according to the factor level combination 
"0.5 l; no lid; max–min" instead of "1 l; no lid; max-med" 
can reduce the environmental impact in the impact cat-
egories FEP by 30%, GWP by 26%, FDP by 25%, WDP by 
7%, FET by 4% and ALOP by 2%.

5  Discussion

Consumers have more influence on the life cycle of pasta 
than previously assumed. The goal of this study was to 
investigate the (percentage) influence of the three life 
cycle phases preparation, last mile and packaging. There-
fore, the factors within the three scenarios by which the 
environmental impact can be reduced were examined. 
Our results show that within the impact categories 
ALOP, WDP and FET, the primary production of wheat 
is responsible for the largest part of the environmental 
impact with more than 60%. In the three sectors that are 
influenced by the consumer, the preparation of pasta has 
the greatest environmental impact, followed by the last 
mile and lastly the packaging. The last mile, which is not 
considered in most studies, is one of the most important 
influencing factors according to our results. Our results 
regarding the preparation and the last mile are thus 
consistent with the results of Bevilacqua et al. [7], which 
also showed that the use phase (last mile and cooking) 
accounts for the largest share in the life cycle of pasta in 
terms of climate change burden. That the preparation 
phase accounts for a major share in the life cycle of pasta 
in terms of the impact category climate change is also 
consistent with the study results of Recchia et al. [8].

5.1  Influence of the preparation on the LCA of pasta

Preparation–the cooking of pasta–causes the highest 
environmental impact within the three phases packag-
ing, last mile and preparation (see Fig. 2). If pasta is pre-
pared according to factor level combination "0.5 l; no 
lid; max–min" instead of "1 l; no lid; max-med", the envi-
ronmental impact of the preparation can be reduced by 
59% in the impact category GWP in this phase (by 26% 
related to total of functional unit), by 59% in ALOP (2%), 
by 60% in FDP (24%), by 56% in WDP (7%), by 59% in FEP 
(30%) and by 58% in FET (4%) (see Table 2).

5.1.1  Cooking technology

With regard to the cooking efficiency and thus the environ-
mental impact of various cooking technologies, we can-
not give any conclusions on the basis of our test series, as 
the cooking tests were carried out using an induction hob 
only. According to the results of most studies, induction 
hobs have the lowest environmental impact. For cooking 
1 kg of pasta in 10 L of water, the Product Declaration for 
Barilla calculates a GWP of 607 g  CO2-e with gas hob and 
1594 g  CO2-e with electric hob [5]. Favi et al. [24] compare 
the environmental impact of an induction and gas hob in 
the preparation of lunch for a family of four in Italy over a 
period of 20 years. The results of the midpoint indicators 
show that the induction hob is responsible for over 60% of 
GWP and ozone depletion and over 70% of metal deple-
tion [24]. Also, in the end-point categories and cumulative 
energy demand, gas performs better than induction. The 
high energy consumption during preparation and there-
fore the energy sources make the difference here: due to 
a relatively low share of renewable energy sources, the 
electrical energy used for induction has a higher environ-
mental impact.

In order to minimize energy consumption, a stove or 
hob with the highest possible energy efficiency class 
should be used. When buying a new appliance, the Euro-
pean Commission recommends consumers to consider 
the EU energy label: appliances with the highest energy 
efficiency class are marked with an A +  +  + [25]. Minimum 
requirements for the energy efficiency of hobs are legally 
defined since 2014 within the EU Regulation No. 66/2014 
[26].

To keep the GWP of the cooking process as low as possi-
ble, after Cimini and Moresi [27], the pot should be closed 
with a lid and the water should first be brought to a boil at 
the maximum power setting. Once the water has reached 
boiling point, minimum power should be set for a constant 
water temperature. Compared to cooking with maximum 
power setting, the GWP can be reduced by 81% for gas, 
73% for electric and 86% for induction hob. It was also 
found that the choice of a small, medium or large pot size 
makes little difference compared to the other factors.

When cooking with induction or electric hobs, the 
choice of energy source should also be considered: Com-
pared to fossil fuels, renewable energies have a lower GWP 
[28]. Pasta producer Barilla [29] also recommends on their 
website using the hot cooking water for cleaning (the pot 
and dishes) after preparation.

5.1.2  Amount of water

The environmental impacts of the preparation can be 
reduced, among other things, by using less water. Instead 
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of the general recommendation to boil 0.1 kg of pasta in 
1 l of water, it could be shown that the amount of water 
can also be reduced by 50%. In our own tests, a water 
quantity of 0.5 l per 0.1 kg of pasta achieved just as good 
a result as with 1 l of water. By reducing the water content, 
the energy consumption and thus the GWP is lowered. In 
Barilla’s environmental product declaration, it was shown 
that the carbon footprint can be reduced by 8% if the 
amount of water used to cook the pasta is reduced by 30% 
[5]. Our results show a reduction potential of 26% (cooking 
phase only) with a 50% reduction in water volume (and a 
lower power setting) related to the impact category GWP.

5.1.3  Lid

The results of this research project showed that the differ-
ences between the environmental impacts of the various 
preparation methods with and without lids is generally 
very small. This contrasts with the results of Cimini and 
Moresi [27], who showed that the lid is also a decisive fac-
tor in reducing the environmental impact of cooking.

5.2  Influence of the last mile on the LCA of pasta

Regarding the choice of the means of transport, only the 
car and walking were considered in this study. In the con-
text of LCA of pasta, the last mile has not been sufficiently 
considered so far. The last mile is not mentioned as part of 
the life cycle of pasta in the Environmental Product Decla-
rations of Barilla [5] and De Cecco [4] and in the study of Lo 
Giudice [20]. Other studies, such as the study by Recchia 
et al. [8], consider the last mile as part of the life cycle of 
pasta, but they do not sufficiently address the high rel-
evance of this life cycle stage (for example, in the form of 
sensitivity analyses). Similar observations were also made 
by Dinkel and Kägi [30], who, among other things, inves-
tigated the environmental impact of 1-L mineral water 
including the last mile. Their results for glass and PET bot-
tles showed that the last mile has about the same environ-
mental impact as all other processes (such as production 
and disposal processes). Sima et al. [31] showed in their 
study a Consumer Carbon Footprint (CCF) for the last mile 
with a range of 124 to 293 g  CO2 per kg of food purchased. 
The lower value is explained by a high number of consum-
ers who made the shopping trip afoot, by bicycle or public 
transport instead of using the car. Another study examines 
the comparative environmental impact of the last mile and 
packaging in clothing purchasing. Hischier [32] showed 
that the environmental impact of the last mile, especially 
by car, depends crucially on the number of items of cloth-
ing purchased and the frequency of shopping. Compar-
ing the GWP of different means of transport per kilometer 
driven, a study by Hollingsworth et al. [33] shows that 

the personal car has the highest value with 257 g  CO2-e/ 
passenger-km (pkm), followed by the e-scooter with 126 g 
 CO2-e/ pkm (−51% compared to the car), the bus ridership 
with 51 g  CO2-e/ pkm (-80% compared to car) and finally 
the personal bicycle with 5 g  CO2-e/ pkm (-98% compared 
to car). According to the results of the 2007 household 
passenger transport survey in Germany, daily purchases, 
such as food, are mainly made by the following means of 
transport: 45.9% are MIT (motorized individual traffic) driv-
ers, 28.7% walk, 11.5% are MIT passengers, 11% use the 
bicycle, and 2.9% use public transport [34].

More than half of the daily purchases are made with 
MIT. Walking is only an option for those who live close 
enough to a supermarket. Public transport is used by 
barely 3% of people, which is the lowest share. To reduce 
the environmental impact, using public transport is better 
than using MIT. Trains and trams, for example, emit less 
than half the greenhouse gases of cars [35]. Based on the 
Paris Agreement, the Federal Environment Agency has 
summarized the need for action in the transport sector in 
Germany up to the year 2050. In future, greenhouse gas 
emissions from transport are to be reduced by increasing 
electric mobility and more energy-efficient road vehicles, 
among other things.

5.3  Influence of the packaging (choice of retail 
store) on the LCA of pasta

Some studies have also shown that packaging contributes 
relatively little to the environmental impact of pasta. In the 
product declarations for De Cecco [4] and Barilla [5] and in 
the Valdigrano study [6], the environmental impact of the 
packaging (production and EoL) is at most 10%.

Dolci et al. [36] examined the comparative environ-
mental impact of various packaging scenarios for pasta, 
among other things, in their study. They compared 3 dif-
ferent packaging variations of loose distribution (1-, 3- 
and 5-kg bags) with 6 different packaging variations of 
conventional distribution (3 different materials in 500 g 
and 1 kg packaging each). Comparing different conven-
tional pasta packaging, a 1-kg polypropylene (PP) pillow 
bag has a lower environmental impact than a 1-kg car-
tonboard box in all impact categories considered. 1 kg 
pasta (FU), packed in a 1-kg pillow bag, has a GWP value 
of 173 g  CO2-e. In comparison, our calculations resulted 
in a value of 500 g  CO2-e for a 500-g pillow bag with the 
same FU. The fact that the value is more than double can 
be explained by the fact that the transport distance to the 
retail store is more than twice as long and the proportion 
of primary packaging is considerably higher (500 g instead 
of 1 kg). The results of the study show that a loose distribu-
tion of pasta has a lower environmental impact compared 
to pasta in a one-way cartonboard box. Their results also 
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show (contrary to our results) that pasta in a 1-kg PP pillow 
bag partly has a lower environmental impact than pasta 
from loose distribution (which is mainly due to the differ-
ent packaging variations of loose distribution). Since our 
calculations are based on a 10 kg paper pillow bag instead 
of 1-, 3- and 5-kg plastic pillow bags as primary packag-
ing, the loose distribution in our study has a lower envi-
ronmental impact than the conventional packaging in the 
500 g pillow bag. Contrary to our assumption that the cus-
tomer fills the product with a reusable cotton bag, Dolci 
et al. [36] assumed that the customer fills the pasta into a 
disposable LDPE or cellulose bag, which also increases the 
environmental impact of loose distribution.

Currently, the number of zero-packaging grocery stores 
in Germany is still significantly lower than the number of 
organic shops and especially of conventional grocery 
stores [37]. According to Istas [38], a long-term winning 
of customers for zero-packaging grocery stores requires 
a standardized store concept with a circular supply chain. 
For consumers, convenience is one of the most important 
factors when buying food. Since most zero-packaging 
grocery stores currently offer very little convenience 
due to the fact that consumers often bring along mostly 
heavy reusable food containers, there is still a need for 
optimization to make shopping faster and easier for the 
customer. Beitzen-Heineke et al. [39] see the lack of con-
venience in zero-packaging grocery stores as a result of 
a small product range and the generally slower purchas-
ing process. The advantages of these stores are above all a 
resource-saving treatment of food and social advantages 
for participants in the supply chain. For more far-reaching 
services, in particular for environmental and social issues, 
zero-packaging grocery stores would have to adapt to the 
services of conventional supermarkets.

Recommendations for action to reduce supply barriers 
on the part of traders as well as knowledge deficits on the 
part of consumers when buying environmentally friendly 
food products are given by Weiß [40]. The organic label, 
for example, has already proven to be helpful for better 
recognition of environmentally friendly products. Other 
labels of environmentally friendly products for consum-
ers should be promoted by politicians and the trade, for 
example to draw attention to the environmental impact of 
long transport routes and non-seasonal products. Another 
aspect is the lack of supply of environmentally friendly 
food products, especially organic and regional ones. These 
could be improved, for example, by expanding the organic 
range in supermarkets and by increasing the number of 
organic shops.

According to Jungbluth [41], the consumer should 
choose products with the lightest possible weight of pack-
aging material, since the type of packaging contributes 
significantly less to the environmental impact.

6  Conclusion and outlook

Based on the results of this LCA study, the following rec-
ommendations for consumers concerning the packag-
ing, last mile and preparation can be made to reduce the 
environmental impact of organic DWS-pasta:

The environmental impact of pasta preparation is 
significantly influenced by the selected power set-
ting and the amount of water. Accordingly, consumers 
should cook pasta with a low power setting and a small 
amount of water. The total environmental impact of the 
LCA of pasta can be reduced by cooking 0.1 kg of pasta 
according to factor level combination "0.5 l; no lid; heat 
up with maximal power, then reduce power to minimal 
setting (max–min)" instead of "1 l; no lid; heat up with 
maximal power, then reduce power to medium setting 
(max-med)" in the impact categories FEP by 30%, GWP 
by 26% and FDP by 25%. There are also lower reduction 
potentials in the impact categories WDP with 7%, FET 
with 4% and ALOP with 2%.

To reduce the environmental impact caused by the 
last mile, the customer should ideally walk to the retail 
shop or cover the last mile by bicycle or public trans-
port instead of driving there by car. The environmental 
impact of the LCA of pasta can be reduced by walking 
instead of driving a car (over a distance of 12 km with a 
purchase weight of 5 kg) in the impact categories GWP 
by 21%, FDP by 25% and FET by 16%. Since the last mile 
accounts for such a large proportion of the environmen-
tal impact once the car is used as a means of transport, 
it is advisable to bundle up purchases and thus drive to 
the grocery store less frequently. As demonstrated by 
the results of other studies, public transport, cycling, 
or walking are alternatives to car travel with a lower 
environmental impact in descending order. Due to the 
higher environmental impact of the last mile compared 
to packaging, shopping (afoot) in a nearby organic gro-
cery store should be preferred to shopping (by car) in a 
zero-packaging grocery store further away.

The consumer should buy pasta in an organic zero-
packaging grocery store instead of an organic grocery 
store in order to minimize the environmental impact 
caused by the packaging. Pasta bought in an organic zero-
packaging grocery store (purchased in a reusable cotton 
bag) has a 6% lower environmental impact in each of the 
impact categories FEP and FET, a 5% lower environmental 
impact in each of the impact categories GWP and FDP, and 
finally a 2% lower environmental impact in each of the 
impact categories ALOP and WDP compared to conven-
tionally packed pasta from an organic grocery store.

The environmental impact of the last mile has often 
not been considered in LCA product studies. It should be 
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included and researched further in future studies due to 
its high relevance.
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