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(QYLURQPHQWDO�OLIH�F\FOH�DVVHVVPHQW�RI�W\SLFDO�RUJDQLF�FDUURW�
LQ�FHQWUDO�,WDO\
Francesco Pacchera1*, Gabriella Arcese2, Stefano Poponi3, Alessandro Ruggieri4

Abstract: The agri-food sector plays a key role in transforming the current 
system into a more sustainable, resilient, and inclusive one. At the forefront 
of European policies that will guide economic and social development in 
the coming years, it needs tools that can steer production towards sustai-
nability. The LCA method is one of the key tools to achieve this goal. The 
study aims to analyse the environmental impacts of the production of the 
Fiumicino Carrot. This product is a characteristic element of the territory 
of Fiumicino, a municipality in central Italy. The CML 2001 and ReCIPE 
2008 methods were used to assess impacts. The assessment result show that 
GWP is the greatest impact, followed by Marine sediment ecotoxicity and 
Marine aquatic ecotoxicity. These impacts are mainly caused by the use of 
fertilisers, particularly nitrates. The main impact is on Resources also due 
to the use of fertilisers.

��� ,QWURGXFWLRQ

The agri-food industry is one of the key emerging industries of New European Circular Econo-
my Action Plan, where a shift to a sustainable food system is a necessary condition (European 
Commission, 2020a). Pillar of the Green Deal (European Commission, 2019), sustainable devel-
RSPHQW�RI� WKH�DJUL�IRRG�VHFWRU�FDQ�EH�DFKLHYHG�WKURXJK�GL൵HUHQW�SURGXFWLRQ�DQG�FRQVXPSWLRQ�
models, including organic farming (European Commission, 2020b). In Italy over the last ten 
years, has emerged a governance model that can help achieve this goal (European Committee 
of the Regions, 2020). This model, called Bio-district, is characterized by innovative multi-ac-
tor governance (Poponi et al., 2021), where companies cooperate with the local administration 
for the development of the territory and the economy in a sustainable direction. In this paper, a 
%LRGLVWULFW�LV�GH¿QHG�DV�³a territory naturally devoted to organic, where farmers, citizens, public 
authorities, realize an agreement aimed at the sustainable management of local resources, based 
on the principles of organic farming and agroecology” (Eco-Region’s, 2021). This study takes as 
a reference a biodistrict, Etruscan Roman Biodistrict, located in the municipality of Fiumicino, 
in the Lazio Region, composed of six enterprises. This covers an area of around one hundred 
hectares with around 70 employees and an annual turnover of 4.5 million euros. Its member 
FRPSDQLHV�DUH�DOO�FHUWL¿HG�RUJDQLF�DQG�FDUU\�RXW�YDVWO\�GL൵HUHQW�DFWLYLWLHV��IUXLW�DQG�YHJHWDEOH�
growing, wheat and fodder cultivation, wine production, livestock breeding, catering, and ac-
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commodation). This study aims to assess the impact of a typical local product, the “Fiumicino 
Carrot”, produced within one of the biodistrict companies.

This study, therefore, aims to analyse the environmental impacts of this organic production 
using LCA method. As reported in the literature (Ingrao et al., 2019; Notarnicola et al., 2017, 
2012), the agri-food sector has a very complex value chain and the use of an LCA method can 
DOORZ�WKH�LGHQWL¿FDWLRQ�RI�GL൵HUHQW�LPSDFWV�WKURXJKRXW�WKH�OLIH�F\FOH�LQ�D�V\VWHPLF�ZD\��

The section 2 presents the reference context; the section 3 explains the methodology and 
DVVXPSWLRQV�XVHG�IRU�WKH�DQDO\VLV��,Q�WKH�QH[W�VHFWLRQ��GDWD�DQG�UHVXOWV�DUH�SUHVHQWHG��6RPH�¿QDO�
remarks conclude the paper.

��� 3URGXFWLRQ�RI�FDUURWV

The carrot is a vegetable with high nutritional values and has a positive impact on human health 
(Arscott and Tanumihardjo, 2010; Leja et al., 2013). Worldwide, the hectares dedicated to the cul-
WLYDWLRQ�RI�FDUURWV��DQG�HVSHFLDOO\�LWV�SURGXFWLRQ��KDYH�VWHDGLO\�LQFUHDVHG�RYHU�WKH�ODVW�WZHQW\�¿YH�
years (Faostat, 2021). In 2019, 44,762,859 tonnes of carrots were produced in the world, of which 
5,500,640 tonnes were produced in the European Union (12.3%) (Eurostat, 2021; Faostat, 2021). 
Regarding the extent of land cultivated with carrots in the world are 1,128,695 hectares of which 
119,990 hectares in Europe (10.6%) (Eurostat, 2021; Faostat, 2021). Italy, with an extension of 
11,080 hectares and a production of 492,220, ranks seventh in Europe. Organic carrot production 
in Italy is still marginal, in 2019 only 943 hectares were dedicated to organic carrot cultivation 
(8.5% of the total) (SINAB, 2020). The Lazio Region ranks second in Italy for organic dedicated 
area (2,064 hectares) and third for production (93,700 tonnes) (ISTAT, 2021). The municipalities 
of Fiumicino and Maccarese are the most suitable areas within the Lazio Region for growing car-
rots, due to the characteristics of the soil (sandy). The type of carrot produced here in fact requires 
soil with a high percentage of sand (more than 80%), well-drained and deep sunshine.

This product is analysed because it is a traditional product of this geographical area (it has 
been cultivated for more than 50 years). The recognition of the typicality that links this prod-
uct to the area is given by its inclusion in the national list of typical food products under the 
name of ‘Carota di Fiumicino’ (Ministry of Agricultural Food and Forestry Policies, 2020). This 
UHFRJQLWLRQ� LV� RQO\� D�¿UVW� VWHS�� LQ� IDFW� WKH� µ&DURWD�GL�)LXPLFLQR¶� LV�ZDLWLQJ� IRU� DFFHSWDQFH�RI�
WKH�UHTXHVW�IRU�3URWHFWHG�*HRJUDSKLFDO�,QGLFDWLRQ��3*,��FHUWL¿FDWLRQ�VXEPLWWHG�WR�WKH�(XURSHDQ�
Commission. The characteristics that make it a typical product, in addition to its territoriality and 
tradition, are its bright and intense orange colour, its crunchiness, its high content of vitamins (A 
(beta-carotene), B, C, K) and mineral salts (sodium, potassium, calcium, phosphorus). 

��� 0HWKRGRORJ\�DQG�DVVXPSWLRQV

This study was carried out according to the requirements of the ISO standards 14040 and 14044 
(International Standard Organisation (ISO), 2006a, 2006b) and it was developed with the aim of 
assessing, with a “cradle to gate” approach, the environmental hotspots linked to the central Italy 
carrot production and trasport. The functional unit chosen is 1 kg of carrot producted. The system 
ERXQGDULHV�FRYHU�WKH�DJULFXOWXUDO�VWDJH��LQFOXGLQJ�DJULFXOWXUDO�SKDVH�DQG�WKH�WUDQVSRUWV��¿JXUH�����
7UDQVSRUW�FRQFHUQV�WKH�XVH�RI�DJULFXOWXUDO�PDFKLQHU\��WUDFWRUV��ZLWKLQ�WKH�¿HOG��XVHG�WR�WUDQVSRUW�
WKH�SURGXFW��7KH�GLVWDQFH�FRYHUHG�LV�DSSUR[LPDWHO\���NP�IURP�WKH�¿HOG�WR�WKH�VDOHV�DFFHVV�SRLQW�
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�GLUHFWO\�LQ�WKH�¿HOGV���,Q�WKH�DQDO\VHG�IDUP�WKHUH�LV�QR�VWRUDJH�RI�WKH�SURGXFWV��WKH�VDOH�WDNHV�SODFH�
DW�¿HOG�OHYHO�ULJKW�DIWHU�WKH�KDUYHVW��7KH�$JULFXOWXUDO�SKDVH�LV�FKDUDFWHULVHG�E\�WKH�VXE�SURFHVVHV�
shown in Figure 2 and has a duration of 5 months (from sowing to harvesting). The processes 
considered are soil preparation, fertilisation, sowing, irrigation, and harvesting. The processes of 
preparation for sale and external transport were not considered in this study. The preparation of 
the soil for sowing is done mechanically and the crop requires water for its growth. The cultiva-
tion method used is organic. The waste is obtained at harvest time and is made up of leaves and 
a small part of roots (10% of the product). There is also a percentage of unsold product (10% of 
WRWDO�SURGXFWLRQ���ZKLFK��OLNH�WKH�KDUYHVW�ZDVWH��UHPDLQV�RQ�WKH�¿HOG�WR�IHUWLOLVH�WKH�VRLO��6LPD3UR�
9.1.1. software was used for the analyses. Ecoinvent is the database used.

)LJXUH����6\VWHP�%RXQGDULHV�IRU�/&$�DQDO\VLV�

The system boundaries cover the agricultural stage to produce carrot. The system analysed is 
shown in Figure 1. The data collected allows the analysis of all life cycle phases. The foreground 
is located in the municipality of Fiumicino in Italy. The extension of the land is 1 ha. The produc-
tion yield is 30 tonnes/ha. Cultivation is carried out organically, with mechanised soil treatment 
and a crop that requires irrigation. The cultivar examined is Carrot of Fiumicino, distinctive crop 
LQ� WKH�DUHD�� �7KH�SULPDU\�GDWD�ZHUH�FROOHFWHG� LQ� WKH�¿HOG� WKURXJK�DQ� LQ�GHSWK� LQWHUYLHZ�ZLWK�
the production manager. The advice and recommendations on production activities given by the 
manager were qualitatively analysed and used to construct the foreground. The data background 
is derived from literature.

Figure 2: The agricultural phase.

��� /LIH�&\FOH�,QYHQWRU\

In this study, the Life Cycle Inventory analysis was developed by collecting available and suitable 
data for carrot production. In the agri-food sector it is considered a fundamental point to use data 
WKDW�DUH�VSHFL¿F�DQG�UHJLRQDOLVHG�WR�FDUU\�RXW�D�/&$��5XYLDUR�HW�DO���������VR�ZH�XVHG�SULPDU\�
data as much as possible. These data were collected through an in-depth interview with the pro-
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duction manager. From this interview we collected data on the quantity produced, the use of wa-
ter, fertilisers, fuel, waste, and people employed. Data from the literature were used to complete 
the analysis. Ecoinvent was the database used for the study. 

Data for all inputs and outputs of the agricultural phase were estimated for 1 kg of car-
rots. Inputs included the amount of irrigated water, seeds used, fertilisers and use of agricultural 
equipment. Emissions to water, air and land were considered in the outputs (Table 1).

7DEOH����,QYHQWRU\�RI�WKH�DJULFXOWXUDO�VWHS�UHIHUUHG�WR���NJ�RI�FDUURW

Inputs from technosphere �$PRXQW 8QLW

ammonium nitrate, as N 3.57E-04 kg

irrigation 1.11E-01 m3

carrot seed, for sowing 1.18E-04 kg

nitrogen fertiliser, as N 8.61E-05 kg

Manure 1.38E-01 kg

phosphate fertiliser, as P2O5 1.12E-03 kg

K2O 1.25E-03 kg

transport, tractor, and trailer, agricultural 2.00E-03 ton*km

287387   

Product   

Carrot 1.00 kg

��� ,PSDFW�DVVHVVPHQW�

The quantity of materials and energy for each process and selection of data were compared ac-
cording to the provisions of ISO 14044 with due diligence.

A problem-oriented approach (Guinèe et al., 2002) was used by applying the CML 2001 
FKDUDFWHULVDWLRQ�PHWKRG��¿JXUH�����7KH�GHWDLOHG�UHVXOWV��LQFOXGLQJ�WKH�LQÀXHQFH�RI�WKH�UHVSHFWLYH�
VXEVWDQFHV��DUH�SUHVHQWHG�LQ�¿JXUH���

7KH�5H&L3H�(QGSRLQW�LV�DOVR�DSSOLHG�WR�DVVHVV�HQYLURQPHQWDO�LPSDFWV��¿JXUH�����7KLV�ZDV�
XVHG�WR�UHSUHVHQW�LQ�WKH�WKUHH�DJJUHJDWH�OHYHOV�WKH�LPSDFWV�RQ�WKH�HQYLURQPHQW�H൵HFW�RQ�KXPDQ�
health, biodiversity and ecosystem, and resource scarcity (Goedkoop et al., 2009). Figure 3 shows 
the environmental impacts generated in the agricultural phase of carrot production. The graph 
shows that Global warming is the main impact followed by Marine sediment ecotoxicity and Ma-
rine aquatic ecotoxicity. These impacts are mostly related to the use of fertilisers (nitrates) as can 
EH�VHHQ�LQ�¿JXUH����)LJXUH���FRQ¿UPV�WKDW�WKH�ELJJHVW�LPSDFW�LV�RQ�UHVRXUFHV��JLYHQ�WKH�PDVVLYH�
use of these resources (fertilisers).
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Figure 3: Characterisation of the agricultural phase CML 2001, our elaboration.

Figure 4: Contribution of the inputs and outputs of the agricultural phase to the characterisation results 
CML 2001, our elaboration

Figure 5:  Environmental impact of Carrot of Fiumicino based on Recipe Method, our elaboration. 
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��� �'LVFXVVLRQ�DQG�FRQFOXVLRQV

In this study, the environmental impact of the agricultural phase in organic carrot production was 
analysed. As reported in the literature, this phase has the highest environmental impact due to the 
use of fertilisers and pesticides (Ilari A., Duca D., Toscano G., Vecchiarelli V., 2020; Tassielli et. 
al., 2018). At the Italian level, the only study found on the environmental impact of carrots aims 
WR�DVVHVV�WKH�LPSDFW�RI�GL൵HUHQW�SDFNDJLQJ�VROXWLRQV�XVHG�WR�VHOO�FDUURWV�SURGXFHG�LQ�FHQWUDO�,WDO\�
(Ilari A., Duca D., Toscano G., Vecchiarelli V., 2020). As the goal of our study is to evaluate the 
agricultural phase of carrot production and no similar studies were found in Italy, studies with the 
same purpose from geographical areas outside Italy were examined for comparison. The results 
RI�WKH�DQDO\VLV�VKRZHG�WKDW�*:3��*OREDO�:DUPLQJ�3RWHQWLDO��LV�WKH�PRVW�VLJQL¿FDQW�LPSDFW��7KLV�
is in line with other studies in the literature on the agricultural production stage of carrots (Lopes 
et al., 2018). With the aim of assessing economically and environmentally the impact of conven-
tional carrot production in Brazil, the authors demonstrated how by acting on a few points it is 
possible to reduce the highest environmental impact (GWP to 0.07 kg C02 eq/kg) (Lopes et al., 
2018). This value is close to our result of 0.0575 kg C02 eq/kg, this is similar to other studies on 
RUJDQLF�SURGXFWLRQ��H�J��������NJ�&���HT�NJ��.RFK�DQG�6DORX����������2XU�UHVXOW��KRZHYHU��GL൵HUV�
IURP�WKH�UHVXOW��������NJ�&���HT�NJ��RI�WKH�VWXG\�WKDW�5DJKX�������FRQGXFW�RQ�GL൵HUHQW�PHWKRGV�
RI�FDUURW�SURGXFWLRQ�LQ�)LQODQG��7KLV�GL൵HUHQFH�GHSHQGV�RQ�WKH�XVH�RI�RQO\�PDQXUH�WR�IHUWLOLVH�WKH�
crop. Organic carrot production has a lower environmental impact than conventional production 
(Raghu, 2014). This result also emerges in a comparative study between conventional and organ-
LF�FDUURW�SURGXFWLRQ�LQ�3RODQG��.RZDOF]\N�DQG�&XSLDá���������7KH�ORZHU�HQYLURQPHQWDO�LPSDFW�
is due to the non-use of pesticides and the limited use of fertilisers. The study also analyses the 
WUDQVSRUW�RI�WKH�FDUURW�R൵�WKH�IDUP��ZKLFK�LPSOLHV�D�KLJK�XVH�RI�GLHVHO��)RU�WKLV�UHDVRQ��RXU�UHVXOWV�
GL൵HU�IURP�WKHLUV��,Q�RXU�VWXG\��WKH�ELJJHVW�LPSDFW�LV�IURP�WKH�XVH�RI�IHUWLOLVHUV��HVSHFLDOO\�QLWUDWH���
.RZDOF]\N� DQG�&XSLDá�� ����� KLJKOLJKWV� WKDW� IRU� ERWK�PHWKRGV� WKH�PRVW� VLJQL¿FDQW� LPSDFW� LV�
+XPDQ�+HDOWK�DQG�5HVRXUFHV�DQG�UHVLGXDOO\�(FRV\VWHP�4XDOLW\��7KHLU�UHVXOWV�DUH�GL൵HUHQW�IURP�
ours. While yet for our study one of the biggest impacts is on Resources, Human Health does not 
have the same result. This happens because in their case there is a large amount of diesel related 
to the transport of the product outside the company. The impact on Resources is much greater in 
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our case, as there is a high use of fertilisers (nitrate), which is absent in their study (Kowalczyk 
DQG�&XSLDá���������
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