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A B S T R A C T

In a context of oil depletion and urban population growth, the development of peri-urban agriculture is of special
socio-environmental and economic interest in the articulation of local food systems. The quantification and
analysis of the environmental impact of peri-urban agriculture is a fundamental element for the design of po-
licies aimed at agrifood and urban sustainability. Based on primary data, the life-cycle assessment of the energy
and carbon footprint of peri-urban horticulture in Seville (Andalusia, Spain) was carried out from a cradle-to-
consumption approach. Three cases were analyzed taking into consideration their differences in terms of farm
management and local supply chain: two conventional farms that sell their output through a local distribution
system, and a community-supported agricultural initiative that sells its organic vegetables directly to the con-
sumers. The cumulative energy demand for the production, transport and distribution of 1 kg of fresh vegetables
to the consumer in those three cases was estimated at between 2.22 and 5.13MJ kg−1 with a carbon footprint of
between 0.117 and 0.271 kg CO2-eq kg−1. Organic farming consumed approximately 42.5% less non-renewable
energy per kilogram than conventional methods, whereas direct distribution reduces greenhouse gas emissions
between 63.8 and 91.3% than local supply chains. The results of this work show how the combination of low-
input production systems in the peri-urban area of Seville and local supply chains is an economically viable and
low energy-impact option for the production and supply of fresh vegetables in the city, especially when the
output is organic and the distribution direct.

1. Introduction

The intensification of agriculture (Pimentel & Pimentel, 2008),
added to industrialization and the insertion of agricultural goods into
global distribution chains, has increased the energy dependence of food
production (O’Rourke, 2014). In a context characterized by oil deple-
tion (Murray & King, 2012), the increase in the dependence of food on
non-renewable energy has reopened the debate on food insecurity
(Arizpe, Giampietro, & Ramos-Martin, 2011). Guaranteeing sufficient
food production for a growing population ever more concentrated in
the cities (UN, 2012) is among the most significant future challenges
(Freibauer et al., 2011). In this sense, the development of urban agri-
culture is especially interesting, given the possibilities of producing
proximity food, improving the resilience of food and energy systems
through the diversification of supply (Hodgson, Campbell, & Bailkey,
2011), and increasing the degree of food self-sufficiency in cities,
communities or neighborhoods while meeting the demands of a di-
versity of cultural and geographical environments (Bellwood-Howard,
Shakyab, Korbeogoc, & Schlesinger, 2018; Block, Chávez, Allen, &

Ramirez, 2012; Saha & Eckelman, 2017). In addition, the reinforcement
of urban and peri-urban agriculture may generate important socio-
economic (income, employment, food diversity, leisure time, etc.) and
environmental (carbon sequestration, reuse of waste, etc.) benefits
(Pearson, Pearson, & Pearson, 2010; Specht et al., 2014), and produce a
range of non-food and non-market goods related to ecosystemic services
with a positive impact on the urban setting (Langemeyer, Camps-
Calvet, Calvet-Mira, Barthel, & Gómez-Baggethun, 2018).

One of the most important debates around “local food” has focused on
analyzing to what extent the delocalization of production can reduce en-
ergy consumption and greenhouse gas (GHG) emissions. Using the concept
of “food miles”, some authors have argued that a decrease in the distance
travelled by food constitutes a fundamental factor of agrifood sustain-
ability (Morgan, Marsden, & Murdoch, 2006; Paxton, 1994). However,
others have criticized the reductionism of this concept and have under-
lined the role of other factors and agrifood phases (e.g., packing, storage,
vehicle efficiency, refrigeration, infrastructure, etc.) in the supply chain
rendering the analysis more complex (Almeida et al., 2014; Coley,
Howard, & Winter, 2009; Mundler & Rumpus, 2012). From the fields of
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political economics and geography, Born and Purcell (2006) have argued
that environmental (and/or social) outcomes are not inherent to scale, but
are produced, or not, within a specific context and according to the par-
ticular actors and interrelationships of the given food system. Therefore,
the potential of local food and peri-urban agriculture for reducing the
system’s environmental impact needs to be assessed from a broad per-
spective, taking into consideration their whole life cycle and incorporating
other socioeconomic factors in relation to their contexts (Edwards-Jones
et al., 2008).

Based on life-cycle assessment (LCA), many studies have quantified
the environmental impact of food (Roy et al., 2009). For instance, Milà i
Canals, Burnip, and Cowell (2006) evaluated apples for a case study in
New Zealand and Pérez-Neira (2016) did the same with export cocoa in
Ecuador, whereas other works like those by Carlsson-Kanyama,
Ekstrom, and Shanahan (2003) or Notarnicola, Tassielli, Renzulli,
Castellani, and Sala (2017) analyzed a large number of foods associated
to Swedish and European diets. In relation to the debate on local food,
some studies have reported that local production can be energetically
more efficient than non-local production (Jones, 2002; Stadig, 1997)
while other researches have presented contradictory results depending
on the context and products analyzed (Saunders, Barber, & Taylor,
2006; Webb, Williams, Hope, Evans, & Moorhouse, 2013). For fresh
vegetables, Wallgren (2006) obtained a much lower transport-related
energy use in local food systems in Sweden, though she underlined the
fact that the analyzed products are restricted to two or three summer
months. Stoessel, Juraske, Pfister, and Hellweg (2012) concluded that
sourcing vegetables locally is a good strategy in relation to GHG
emissions insofar as the vegetables are not cultivated in heated green-
houses within the same territory (Sweden).

With regard to urban agriculture and local food, it is important to
consider some precedents. Lee, Lee, and Lee (2015) estimated the ex-
pected GHG reduction effect in the case of a revitalization of urban
agriculture in the city of Seoul. Kulak, Gravesb, and Chatterton (2013)
quantified the potential savings associated with food production in
urban community farms in the United Kingdom. Sanyé-Mengual, Cerón-
Palma, Oliver-Sol, Montero, and Rieradevalla (2013) showed how
producing tomatoes in roof-top greenhouses in Barcelona leads to lower
energy dependence and reduces other LCA impact categories in contrast
with the current linear system in Spain. He et al. (2016) used a LCA to
quantify the environmental advantages of producing organic tomatoes
in greenhouses as compared to conventional practices in the city of
Beijing (China). Within this analytical framework, it is essential to
continue researching on the role of urban agriculture, as well as to
make diversity visible, especially in relation to food production man-
agement and distribution systems.

Since the 1990s, different community-supported peri-urban agri-
culture initiatives have emerged in Spain that are committed to organic
farming and the construction of alternative agrifood systems (Simón-
Fernández, Copena-Rodríguez, & Rodriguez, 2010). The most extended
community-supported agriculture (CSA) model is that of food co-
operatives, which bring together consumers and farmers within the
sphere of alternative and solidarity economy (ECSARG, 2016). Ac-
cording to the European Community-Supported Agriculture Research
Group (ibid.), there are 75 CSA initiatives in Spain feeding around 7000
persons. Vegetables are the most common type of food available (96%),
followed by bread (67%) and fruit (52%). Urban planning in Seville
(Andalusia, Spain) has ignored urban and peri-urban agriculture
(Dimuro-Peter, Soler-Montiel, & Jerez, 2013), but, in spite of it, agri-
culture is still alive in the city and, in the last decades, new CSA in-
itiatives and citizen projects linked to agroecology and food sovereignty
have emerged (Dimuro-Peter et al., 2013). CSA initiatives are focused
on the organic production of seasonal fruits and vegetables distributed
through alternative consumption networks that avoid intermediaries.
Following Hardmana et al. (2018), this type of initiative may be con-
sidered to lie at the more informal end of the urban food growing
movement and green activism.

Consequently, the main objective of this work is to analyze the
energy metabolism and carbon footprint of peri-urban agriculture in the
city of Seville taking into consideration the differences between pro-
duction models and supply chains. For this purpose, LCA methodology
(cradle-to-consumption approach) has been applied to three cases: two
conventional farms that distribute their products through the local
supply chain (wholesaler-retailer-store) and one CSA initiative that
grows organic vegetables and sells them directly to the consumer
through alternative distribution networks. As an additional secondary
objective, this work analyses the economic profitability of peri-urban
farms. The results presented in this paper, in addition to being a novelty
in Andalusia and Spain, provide scientific information that, within the
limits of the study and in accordance with the methodology applied,
can contribute to the design of agricultural policies and practices aimed
at agrifood sustainability.

2. Materials and methods

2.1. LCA, system boundaries and functional unit

The methodology used in this work is the life-cycle assessment
(LCA) focused on the energy metabolism and carbon footprint. The LCA
of peri-urban horticulture in Seville has been divided into 5 phases.
Phase 0 calculated the energy costs associated with the agricultural
inputs and capital used on the farms. Phase 1 quantified the energy
consumption required to produce vegetables. In phases 2 and 3, the
energy use associated with wholesale, packing, and retail storage was
also quantified. The energy cost associated with the sale of vegetables
was measured in phase 4. Phase 5 considered the energy consumption
of transporting the products from the farm to the consumer (Fig. 1). The
cradle-to-consumption analysis has been divided into two LCA stages:
(a) the cradle-to-farm gate approach, including phases 0 and 1 (func-
tional unit: hectares and kilograms) and (b) the farm gate-to-con-
sumption approach, encompassing phases 2, 3, 4 and 5 (functional unit:
kilograms).

2.2. Case studies and elaboration of an inventory

The cases were selected with the intention of obtaining a non-sta-
tistical representation of conventional and organic horticulture, as well
as of the local commercial strategies of peri-urban horticulture in Seville
(Andalusia, Spain) (Fig. 2). The farms under study represented ap-
proximately 1.25% of the cultivated area in peri-urban Seville (OPS,
2006) and were situated in the following locations: Farm 1:
37°25′51.3″N 5°57′47.5″W; Farm 2: 37°25′54.3″N 5°57′44.4″W, and
Farm 3: 37°25′44.9″N 5°57′30.5″W. The information required to make
the environmental and economic estimates was gathered through face-
to-face questionnaires during 2012. The data set used in the analysis
was collected and organized in the inventory summarized in Tables 1a,
1b and 1c.

The first two cases analyzed (C1 and C2) correspond to two small
family farms (F1 and F2) that cultivate conventional vegetables and
commercialize their products through a wholesaler. The products reach
the consumers through local distribution chains (retailer-store) in
Seville and the surrounding areas (Table 1c). The third case (C3) is that
of a community-supported agriculture (CSA) initiative that comprises a
small organic family farm (F3) and a group of consumers. The farm
grows a medium to high diversity of seasonal vegetables that are di-
rectly sold to consumers in the city. The consumers are organized into
“consumer groups” and undertake to purchase (pre-payment) a weekly
basket of vegetables and to actively participate in the logistics of dis-
tribution.

The two methods of distribution used by the CSA initiative were
analyzed (ECSARG, 2016). In the first one, distribution is organized
autonomously by each consumer group (1 group=1 delivery).
Someone from each group collects the baskets at the farm and takes
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them by car to a distribution point in the city. In the second method, all
the consumer groups jointly participate in the distribution. One single
van collects the baskets and takes them to different distribution points
in the city (maximum 1 point per group). In both methods, the dis-
tribution points are easily accessible, close to the consumers’ homes and
previously agreed upon by the consumer groups. The families reach
them by foot, by bicycle or, to a lesser extent, by car (Table 1c).

2.3. Indicators of energy sustainability and carbon footprint

The energy output was estimated as a function of the gross energy
content of the farms’ commercialized output (Eq. (1)), according to the
nutritional study by Moreiras, Carbajal, Cabrera, and Cuadrado (2005).
The cumulative energy demand (CED) was estimated by adding up the
“inputs” for production management, packaging and commercial

Fig. 1. System boundaries of the peri-urban horticulture
agrifood system in Seville.

Fig. 2. Geographical location of the farms in peri-urban Seville (Andalusia, Spain).

D. Pérez-Neira, A. Grollmus-Venegas Landscape and Urban Planning 172 (2018) 60–68

62



distribution as a function of the previously defined system boundaries
(Eq. (2)).

Energy output= ∑ Sales(i) (kg ha−1) x α(i) (MJ kg−1) (1)

Where, (i): crop i (tomato, broccoli, etc.); α(i): output energy coefficient
of crop i. Energy output (MJ kg−1)= Energy output (MJ ha−1) x
Sales−1 (kg ha−1)

Cumulative energy demand (CED)= ∑ Input(j) (unit f.u.−1) x ß(j) (MJ
unit−1) (2)

Where, (j): input j (diesel, manure, work, kg per km, etc.);
f.u. = functional unit (ha or kg); and ß(j): energy coefficient reflecting
the energy consumed by input j. Where kg per km are the results of
multiplying the transported output weight (kg) times the distance tra-
velled (km) as specified in Table 1c.

The coefficients selected (ß(j)) to measure the inputs are key factors
in energy analyses because they significantly influence the results ob-
tained, but they are not always well defined. Aguilera et al. (2015)
designed a coherent database that included the direct and/or indirect
energy of the main agricultural inputs at the maximum disaggregation
level available. Pérez-Neira, Soler-Montiel, and Simón-Fernández
(2013) provided coefficients for organic crops fertilization and protec-
tion, labor, oil and electricity in Andalusia, while Delgado-Cabeza et al.
(2015) did it for transport in the same region. Carlsson-Kanyama and
Faist (2000) provided coefficients capturing the direct energy con-
sumption by kilogram and day for the wholesale, retail and sale phases.

The coefficients used for the farm inputs and the supply chain are
standardized in Tables 1b and 1c. The energy analysis was based on
synthetic indicators and performed with the aid of the following
equations:

Energy Return of Investment (EROI)=Energy output (MJ
f.u.−1)×CED−1 (MJ f.u.−1) (3)

Net Energy=Energy output (MJ f.u.−1)− CED (MJ f.u.−1) (4)

Where, f.u.= functional unit (ha or kg)

The CED, EROI and NE indicators were also calculated on the basis
of non-renewable energy (NR CED, NR EROI, and NR NE). In order to
estimate these indicators, the CED is also classified into renewable and
non-renewable forms (Pirdashti, Pirdashti, Mohammadi, Baigi, &
Movagharnejad, 2015). Renewable energy includes labor, biomass
(manure) and the proportional share of renewable energy (mainly
wind, hydraulic and solar) used in the production of agrarian inputs, on
the farm and in the supply chain (adapted from Aguilera et al., 2015
and IDAE, 2012). The carbon footprint was then estimated according to
non-renewable energy consumption based on data from the Inter-
governmental Panel on Climate Change (IPCC, 2006), and the structure
of energy use was defined according to the differentiation of sectors in
Spain (IDAE, 2012). Direct nitrous oxide emissions were estimated by
applying the regional emission factor (EF: 0.47%) obtained by Cayuela
et al. (2017) for furrow-irrigated Mediterranean crops like those pro-
duced in the three farms analyzed.

Table 1a
Description of the cases and inventory of the commercialized products (fresh vegetables).

Cases Type of farming Area (ha) Supply Chain Sales
(t ha−1)

Main produce

C1 Farm 1: Conventional;
Open field

1.65 Local supply chain:
Wholesaler-retailer-store

35.95 Chard; tomato; broccoli; green onion; turnip; squash; leek and other produce
(43.7; 20.2; 10.1; 7.6; 4.6; 3.4; 3.4 and 4%, respectively)

C2 Farm 2 Conventional;
Open field

0.95 44.54 Chard; parsley and mint; onion; turnip; radish and other produce (45.3; 24.9;
12.1; 8.0; 4.8; and 3.8%, respectively)

C3 Farm 3 Organic; Open
field

0.85 Direct distribution without
intermediaries

35.75 Squash; chard; leak; green pepper; tomato; cabbage; cauliflower; zucchini;
broccoli; eggplant; spinach; onion and other produce (12.0; 8.1; 7.2; 7.0; 6.7; 6.5;
6.5; 5.9; 4.8; 4.2; 3.6; 3.6 and 23.8%, respectively)

Table 1b
Inventory and energy coefficients of the inputs, capital and agricultural machinery used in Farms 1, 2 and 3.

Particulars Farm 1 (Conv.) Farm 2 (Conv.) Farm 3 (Org.) Energy Coefficients

A. Inputs Comments Unit per ha per ha per ha MJ unit−1 Ref.

1. Seeds and seedlings
Seeds Bought in the market $ 1429 1330 643 4.48 Adapted [1]
Seedlings Bought in the market $ 1595 1484 717 0.37

2. Fertilization
Manure Cow manure kg 4800 5000 16,000 1.43 [1]
Urea Concentration 46% kg 800 800 – 64.40 [2]
N Synthetic N kg 75 276 – 64.40
P Synthetic P kg 75 – – 13.20
K Synthetic K kg 75 – – 9.50

3. Crop protection
Insecticides and herbicides Active material kg 11.6 5.88 – 447.0 [2]
Organic products F3 (20% BT and 80% sulfur) kg – – 25.1 43.12 [1]

4. Diesel Irrigation and machinery l 210.0 253.0 270.7 47.94 [2]
5. Lubricants (oil) Machinery l 12.12 10.00 6.70 67.25 [1]
6 Electricity Flood irrigation Kw-h 2248 2120 2143 12.27 [1]
7. Labor Non-remunerated family workforce h 2618 5472 5952 0.58 [1]
B. Capital and Machinery
1. Motor irrigation Water pump; 12 year amortization kg 26.1 26.1 26.1 64.29 [2]
2. Materials PVC; 15 year amortization kg 20.5 20.5 20.5 60.01 [2]
3. Power tiller < 50 HP h 58 – 560 9.01 [1]
4. Small machinery 50–80 HP h 480 480 – 15.03 [1]
5. Rented machinery 90 HP h 47 34 – 29.10 [1]

Where: Conv.= conventional; Org.=Organic; [1] Pérez-Neira et al. (2013); [2] Aguilera et al. (2015). On energy coefficients see section 2.3.
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2.4. Economic analysis

The economic analysis focused on the production phase on the farm.
Cost structure, gross margin, net margin, business benefits and benefit-
cost ratio (B/C) were the indicators analyzed. In order to calculate the
business benefits, an opportunity cost of 42.24 € day−1 was defined
(7–8 h per day) based on the mean wages paid for vegetable farming in
Spain (MAGRAMA, 2013).

2.5. Limits of the study

The present study makes a cautious estimation of the environmental
impact of the life cycle of vegetable production in peri-urban Seville.
The products’ life cycle was not fully incorporated to the analysis:
consumption expenses within the home, waste collection and man-
agement, and the role of restaurants within the supply chain were not
included. Indirect energy and the infrastructure associated to the
wholesaler, retailer and transport phase were also not considered
within the CED. On the output side, the energy and economic con-
tribution of family self-consumption and other forms of non-monetar-
ized exchange were not taken into account. The role of “reuse” in
feeding small livestock (hens and other animals) was not considered
either. Even though LCA is an internationally recognized tool, its de-
finition and calculation may differ from one study to another (system
boundaries, inputs, cases, converters, etc.). The differences in the
methodological definition of apparently similar studies make it neces-
sary to interpret their results with analytical caution (see Plevin &
Delucchi, 2014). Given the differences in the output composition of the
analyzed farms, the comparative results of the current work must also
be interpreted taking into account this methodological limitation.

3. Results

3.1. Energy metabolism and carbon footprint of peri-urban horticulture in
Seville

3.1.1. Cradle-to-farm gate approach
The energy cost of cultivating 1 ha of vegetables in peri-urban

Seville was estimated at 93,260, 99,368 and 73,811MJ, with a carbon
footprint of 4133, 4436 and 2453 kg CO2-eq ha−1 for F1, F2 and F3
(Table 2). Fertilization, energy (diesel+ electricity) and machinery
(+ lubricants) were the most significant inputs in the three farms and
represented between 85.3 and 89.6% of the CED (Fig. 3). Farm 2 was
the most productive farm (65,981MJ ha−1), followed by F3 and F1
(43,028 and 42,340MJ ha−1). The energy efficiency of the farms

(EROI) was estimated at 0.45:1, 0.66:1 and 0.57:1 for F1, F2 and F3. As
much as 77.0, 77.5 and 51.9% of the CED was non-renewable energy,
which entailed a NR CED of, respectively, 2.00, 1.73 and 1.07MJ kg−1.
Farm 3 had the highest energy efficiency, followed by F2 and F1, with a
NR EROI of, respectively, 1.11:1, 0.86:1 and 0.59:1.

3.1.2. Farm gate-to-consumption approach
The CED of the supply chain of vegetables in C1 and C2 was esti-

mated at 1.95 and 2.38MJ kg−1 (Table 3). Packaging, followed by
transport, was the most relevant energy consumption of the local supply
chain (between 90.1 and 73.6%). For C3, the CED of direct distribution
was 0.15 and 0.47MJ kg−1 for joint distribution and distribution by
consumer groups. The use of low-efficiency vehicles (private car) and
the increase in the number of trips in the case of distribution by con-
sumer groups multiplied by 3.1 the energy consumption of joint dis-
tribution, made with a single van.

3.1.3. Cradle-to-consumption approach
The CED of the agrifood system of peri-urban horticulture in Seville

was estimated at between 2.22 and 5.13MJ kg−1 (Table 4). Production
on the farm was the most energy-demanding phase (between 47.0 and
93.2% of the CED), followed by packaging for C1 and C2 (between 34.2
and 41.8%) and transport for C3 (between 6.8 and 18.5%). The NR CED
amounted to between 55.2 and 76.4% of the energy use of the agrifood

Table 1c
Inventory and energy coefficients of the local supply chains.

Particulars Comments and assumptions Unit Per kg Energy Coefficient

Per kg Min.–Max. MJ unit−1 Ref.

C. Local supply chain (C1 and C2)
1. Wholesaler Days at wholesaler days 1 0.02 Adapted [1]
2. Retailer/store Days at retailer/store until sold days 3 0.03
3. Packaging Plastic kg 0.03 58.5 [2]
4. Loss of product Along the supply chain % 0–5 – Adapted [3]
5. Transport:
Farm – Wholesaler Pickup truck (maximum load) km 7 3.82×10−3 [4]
Wholesaler – Retailer Seville city or its surroundings; Large truck km 15–150 1.87×10−3

Retailer – Store Pickup truck (maximum load) km 3–7 3.82×10−3

Store – Consumer 1 basket (approx. 6–7 kg). Min.: 25% by car. Max.: 75% by car. The rest: by foot. km 1–2 133.8× 10−3 Adapted [4]
D. Direct distribution (C3)
1. Method of distribution
a. By consumption groups 15 Deliveries; 45 kg per delivery and car. Return trip (farm-distribution point) km 14 19.1×10−3 Adapted [4]
b. Joint distribution One single delivery: farm-different distribution points. Van (medium load) km 20 5.88×10−3 [4]
2. Distribution point – Home 1 basket (approx. 6–7 kg). Min.: 25% by car. Max.: 75% by car. The rest: by foot km 1–2 133.8× 10−3 Adapted [4]

Where, [1] Carlsson-Kanyama & Faist (200); [2] Aguilera et al. (2015); [3] Sanyé-Mengual et al. (2013); [4] Delgado-Cabeza et al. (2015). On energy coefficients, see section 2.3.

Table 2
Energy and carbon footprint indicators of peri-urban horticulture in Seville: cradle-to-
farm gate approach.

(A) On the farm

Indicators Unit Farm 1
(Conv.)

Farm 2
(Conv.)

Farm 3
(Org.)

Energy output MJ ha−1 42,340 65,981 43,028
MJ kg−1 1.18 1.48 1.20

CED MJ ha−1 93,260 99,368 73,811
MJ kg−1 2.59 2.23 2.06

NR CED MJ ha−1 71,791 77,035 38,330
MJ kg−1 2.00 1.73 1.07

Carbon footprint kg CO2-
eq ha−1

4133 4436 2453

kg CO2-
eq kg−1

0.143 0.129 0.106

EROI – 0.45 0.66 0.57
NR EROI – 0.59 0.86 1.11
NR Net energy MJ ha−1 −29,452 −11,055 4698

Where, Conv.= Conventional; Org.=Organic.
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system in all three cases. The NR EROI was estimated at between 0.30:1
and 0.97:1. The production and direct distribution – especially through
joint distribution – of organic vegetables was the most efficient agrifood
system analyzed.

3.2. Economic results

The cost of production of 1 ha of vegetables in peri-urban Seville
was estimated at 13,174, 11,699 and 9591 euros for F1, F2 and F3
(Table 5). The use and renting of machinery was the main cost of
production for the three farms, representing between 59.5 and 73.9% of
the total. It was followed by, in order of importance, seed purchases,
fertilization and crop protection, which amounted to 34.3, 34.7 and
18.9% of the total cost of production at F1, F2 and F3. The remaining
expenses (diesel + electricity) were less important from a monetary
point of view (between 4.8 and 7.2%). Income was estimated at 24,486,
27,749 and 42,383 € ha−1 for F1, F2 and F3. In terms of profitability,
F3 obtained higher gross and net margins (39,849 and 32,793 € ha−1)
than F1 (19,293 and 11,312 € ha−1) and F2 (22,972 and 16,050
€ ha−1). Economic efficiency (Net Benefit/Cost) was estimated at
1.86:1, 2.37:1 and 4.42:1 for F1, F2 and F3. Business benefits, calcu-
lated by subtracting the cost of opportunity of family labor from the net
margin, were −2328, −12,584 and 15,440 € ha−1 for F1, F2 and F3.

4. Analysis and discussion

4.1. Energy, carbon footprint and organic farming

The impact of vegetable production is closely related to the man-
agement, degree of intensification and technologies used as a function

Fig. 3. Cumulative energy demand (A) and carbon footprint (B) of peri-urban horticulture in Seville: cradle-to-farm gate approach.

Table 3
Cumulative energy demand and carbon footprint of the supply chain of peri-urban horticulture in Seville: farm gate-to-consumption approach.

(B) Supply chain Local supply chain (C1 and C2): Min.–Max. Direct distribution (C3): Joint distribution – Distribution by groups

Particulars/unit MJ kg−1 CO2-eq kg−1 MJ kg−1 CO2-eq kg−1

1. Wholesaler, packing, retailer and store 1.85 0.088 – –
2. Transport (a+b) 0.10–0.53 0.007–0.040 0.15–0.47 0.011–0.035
a. Farm gate to store or distribution point 0.07–0.33 0.005–0.025 0.12–0.27 0.009–0.020
b. Store or distribution point to consumer 0.03–0.20 0.002–0.015 0.03–0.20 0.002–0.015
Total 1.95–2.38 0.096–0.128 0.15–0.47 0.011–0.035

Table 4
Energy and carbon footprint indicators of the peri-urban horticulture agrifood system in
Seville: cradle-to-consumption approach.

(C) Agrifood system Conventional farming and local
supply chain

Organic farming
and direct
distribution

Indicators Unit C1 C2 C3

CED MJ kg−1 4.56–5.13 4.20–4.75 2.22–2.53
NR CED MJ kg−1 3.37–3.91 3.10–3.63 1.22–1.54
Carbon

footprint
kg CO2-
eq kg−1

0.239–0.271 0.225–0.257 0.117–0.141

EROI – 0.26–0.23 0.35–0.31 0.54–0.47
NR EROI – 0.35–0.30 0.48–0.41 0.97–0.77

Table 5
Economic indicators of peri-urban horticulture in Seville (on the farm).

On the farm Farm 1 (Conv.) Farm 2 (Conv.) Farm 3 (Org.)
Indicators Unit

Income € ha−1 24,486 27,749 42,383
Total Cost € ha−1 13,174 11,699 9591
Gross Margin € ha−1 19,293 22,972 39,849
Net Margin € ha−1 11,312 16,050 32,793
Labor h ha−1 2618 5472 5952
Business Benefit € ha−1 −2328 −12,584 15,440
Gross B/C – 4.71 5.81 16.72
Net B/C – 1.86 2.37

Where, Conv.= Conventional; Org.=Organic.
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of time and territory (Torrellas et al., 2012b). The three peri-urban
farms in Seville follow a low-input production model, characteristic of
small-scale family agriculture. The estimated CED (2.06–2.59MJ kg−1)
and carbon footprint (0.106–0.143 kg CO2-eq kg−1) are relatively low
when compared to those of other production activities in the Medi-
terranean basin. Also in the region of Andalusia, Torrellas et al. (2012a)
and Pérez-Neira et al. (2013) estimated a higher energy impact for
tomatoes grown in multi-tunnel greenhouses in Almeria (4.00MJ kg−1)
and the ecological vegetable open-field or greenhouse production
(5.95MJ kg−1). Aguilera, Guzmán, and Alonso (2013) also obtained
higher GHG emissions for organic and conventional open-field vege-
tables (0.18 and 0.22 kg CO2-eq kg−1) in the Mediterranean region.

Despite the fact that all three farms follow a low-input model, the
differences in production management are reflected in the results. The
organic farm (F3) consumed between 38.0 and 46.3% less non-renew-
able energy and emitted between 17.8 and 25.9% less CO2-eq emissions
than F2 and F1. In the city of Beijing (China), He et al. (2016) also
found improvements in the energy consumption (−31.6%) and carbon
footprint (−12.2%) of organic tomatoes grown in greenhouses as
compared to conventionally grown tomatoes. These results support
those of other studies showing that organic production, with some ex-
ceptions, allows an increase in efficiency and a decrease in the use of
non-renewable resources (Smith, Williams, & Pearce, 2015; Zentner,
Brandt, Nagy, & Frick, 2009) and in GHG emissions (Aguilera et al.,
2015; El-Hage & Muller, 2010). The lower NR CED of organic pro-
duction (F3) resulted in higher efficiencies, 1.87 and 1.29 times the NR
EROI of F1 and F2. A limitation was found in the relatively low farm
yield, which suggested the need for more applied research on agri-
culture, especially on organic production.

4.2. Peri-urban agriculture in the debates on local food

There is an ongoing debate about the extent to which local food and
the shortening of the supply chain can reduce energy use and carbon
footprint. Empirical data show contradictory results in relation to local
food (Edwards-Jones et al., 2008; Webb et al., 2013). Supply chains are
complex, heterogeneous and depend on a multiplicity of economic and
logistics factors (modal share, packing, refrigeration, efficiency of the
vehicles, etc.). Therefore, the transport phase is not necessarily the one
determining the environmental impact of a product’s life cycle (Coley
et al., 2009; Wakeland, Cholette, & Venkat, 2011). In the specific case
of vegetables, different works have analyzed how local distribution of
fresh products allows reducing the impact of the food system, especially
in urban agriculture (Kulak et al., 2013). Thus, Wallgren (2006) did not
find any significant differences in the levels of energy use in transport to
the local farmers’ market when compared to conventional food system

in Sweden, insofar as airplane flights are excluded, but she did in the
case of fresh seasonal fruits and vegetables. Lee et al. (2015) estimated
the expected reduction of GHG emissions if urban agriculture were
revitalized in Seoul and transportation and food miles were decreased.

The local supply chains analyzed in this work have lower environ-
mental impacts (between 0.011 and 0.128 kg CO2-eq kg−1) and this is
partly due to the short distances travelled by the products (between 15
and 159 km). Pérez-Neira, Simón-Fernández, Copena-Rodríguez, Soler-
Montiel, and Delgado-Cabeza (2016) estimated that legumes, fruits and
vegetables travel more than 4000 km in the international transportation
phase before they get to Spain, leaving a carbon footprint (0.27 kg CO2-
eq kg−1) between 2.1 and 24.1 times that of the supply chains of C1, C2
and C3 together. Other works have proved the environmental relevance
of packaging. Sanyé-Mengual et al. (2013) and Theurl, Haberl, Erb, and
Lindenthal (2014) estimated the GHG emissions of plastic boxes
(0.34 kg CO2-eq kg−1) and tin-plate cans (0.447 kg CO2-eq kg−1) and
showed they were even higher than those produced on the entire life
cycle of the analyzed vegetables. In this sense, packaging and inter-
modal transport efficiency were key factors to reveal the quantitative
difference between C1 and C2, on the one hand, and C3 on the other.
Direct joint distribution was the option with the lowest environmental
impact because it maximizes physical proximity and avoids the energy
costs associated with intermediaries in the product-packaging step
thanks to social organization and proximity. The retail to consumption
phase is typically outside the system boundaries of most analyses.
However, the use of private cars can notably contribute to increase the
energy use of local distribution (see also Wallgren, 2006).

4.3. LCA and the agrifood system of peri-urban horticulture in Seville

The carbon footprint of peri-urban horticulture in Seville (farm to
consumption) was estimated at between 0.12 and 0.27 kg CO2-eq kg−1,
while other nearby geographical and economic alternatives having
Seville as the final destination of their output have a larger carbon
footprint (Table 6). Thus, for instance, producing conventional open-
field vegetables in the Mediterranean region translates into an incre-
ment in carbon footprint of between 24 and 222%, depending on the
analyzed model. Those differences are similar to the ones obtained for
tomatoes grown under plastic in Almeria (Spain) or Morocco, the origin
of 15% of Spanish horticultural imports (MITC, 2017). Organic man-
agement reduces CO2-eq emissions inside the farm (Aguilera et al.,
2013), and, depending on the local supply chain, could be comparable
to peri-urban horticulture in Seville (Table 6).

Among the three peri-urban horticulture experiences in Seville, the
CSA initiative (C3) turned out to be the most efficient one in relation to
energy use and carbon footprint. In fact, Sanyé-Mengual et al. (2013)

Table 6
Carbon footprint of peri-urban horticulture (PUH) in Seville in relation to other production alternatives (farm-to-consumption approach).

Particulars Distances travelled by large
truck to Seville

Farm Transport Supply
chain

Cumulative CO2-eq
emissions per kg

Percentage in relation to
PUH in Seville

Ref.

(CO2-eq emissions per kg)

PUH − This study 15–159 km 0.14–0.11 0.01–0.04 0.10 0.12–0.27 100–100 –
Conventional open-field vegetables

(Mediterranean region, Spain)
150–450 km 0.22 0.02–0.06a 0.10b 0.34–0.38 124–322 Adapted [1]

Ecological open-field vegetables
(Mediterranean region, Spain)

0.18 0.02–0.06a 0.10b 0.30–0.34 109–288

Tomatoes grown in multi-tunnel
greenhouses (Andalusia, Spain)

Almeria: 412 km 0.24 0.06a 0.10b 0.39 145–335 Adapted [2]

Tomatoes grown in roof-top
greenhouses (Barcelona, Spain)

0 km 0.25 0.00 0.01 0.26 96–221 [3]

Tomatoes grown in greenhouses (Souss-
Massa, Morocco)

By truck: 230–330 km; By
boat: 388 km

0.22 0.04–0.05a 0.10b 0.35–0.37 130–313 Adapted [4]

a Estimation made from the distances travelled (see Section 2).
b Due to the lack of specific information, the values obtained in this work have been accepted; [1] Aguilera et al. (2013); [2] Torrellas et al. (2012a); [3] Sanyé-Mengual et al. (2013)

and Payen, Basset-Mens & Perret (2015).
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obtained higher CO2-eq emissions for tomatoes grown in greenhouses
inside the city. Undoubtedly, the use of greenhouses in the Mediterra-
nean region allows advancing the production and consuming horti-
cultural products out of season, thus diversifying the diet. However, the
lack of seasonality in consumption and the diets are two decisive factors
determining the environmental impact of food systems (see Benis &
Ferrão, 2017; Stoessel et al., 2012; Theurl et al., 2014). At international
level, Clune, Crossin, and Verghese (2017) estimated, from a meta-
analysis (122 LCAs; 633 values), a higher average carbon footprint
(0.47 ± 0.39 kg CO2-eq) than the one obtained in this study for the
open-field vegetables.

4.4. Economic profitability and linking consumers to food production

Economic profitability is a crucial aspect of sustainability in urban
and peri-urban agriculture (van Veenhuizen & Danso, 2007). Economic
analyses show how farms are monetarily viable. F3 had better economic
results thanks to a combination of cost reduction and income optimi-
zation that allowed an increase in profitability, which is 2.9 and 2.0
times higher than that of F1 and F2. The commitments undertaken by
consumers (monthly fees, advance payments, involvement in the dis-
tribution), generated through bottom-up governance mechanisms (see
Fox-Kämper et al., 2018), largely explain why F3 obtained a better
income per hectare than F1 and F2 (42,383 against 24,486 and 27,749
€ ha−1). F3 was also the most labor-intensive farm (5.95 against 5.47
and 2.91 thousand h ha−1), which, according to Roset (1999) or
Weidmann, Kilcher, and Garibay (2011), means more employment per
unit of area.

5. Conclusions

This study presents a first approach to the energy metabolism and
carbon footprint of peri-urban horticulture in Seville through the use of
a LCA (farm-to-consumption approach). The CED of the production and
local distribution of conventional vegetables (C1 and C2) was estimated
at between 4.20 and 5.13MJ kg−1, while it ranged between 2.22 and
2.53MJ kg−1 in the case of the CSA initiative (C3) (organic production
and direct distribution). The results show how open-field horticulture in
peri-urban Seville follows a low-input production model that leads to
high-energy efficiency, especially when compared to similar cases in
the Mediterranean region. The organic management of vegetables (F3)
yielded a NR CED kg−1 that amounts to approximately 42.5% of that of
conventional management (F1 and F2). Reduced energy dependence
translates into higher efficiency: NR EROI at F3 (1.11:1) was respec-
tively 1.9 and 1.3 times higher than at F2 (0.59:1) and F1 (0.86:1).

In peri-urban horticulture in Seville, packaging and intermodal
transport efficiency, not just distance, are fundamental elements de-
termining the environmental impact of the local supply chain. The di-
rect distribution model (farm gate to consumption) is the one with less
energy requirements among the three models analyzed (between 0.15
and 2.38MJ kg−1). Its social organization, articulating organic pro-
duction and consumption, is a key element to understand the en-
vironmental and economic results of the CSA initiative. In that sense,
C3 not only reduced the environmental impact but also increased
profitability and generated more employment per unit of area. At the
same time, the works detects some energy limitations. Low farm yields,
oil dependence (mainly due to mechanization), packaging and trans-
port efficiency are central aspects that may be subject to technological
improvement and social innovation in the three studied cases.

In summary, the present study provides novel information at the
local level (Seville, Andalusia, Spain) on the impact and potential of
peri-urban horticulture in terms of energy metabolism and carbon
footprint. Quantitative evidence was provided on how peri-urban hor-
ticulture may, especially when organic and direct distribution models
are implemented, play an important role in the construction of sus-
tainable agrifood alternatives. Finally, it is necessary to underline the

importance of continuing research work on energy metabolism in urban
agriculture, in constant dialogue with other socioeconomic and en-
vironmental perspectives that will enrich and render more complex the
debates on agrifood sustainability. These considerations should be
taken into account by agents capable of taking action and developing
agricultural and urban policies, especially in the present context of oil
depletion and competition in peri-urban territories.
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