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Introduction 
Quinoa (Chenopodium Quinoa Willd.) has 
been cultivated in the Andean region since 
pre-Hispanic times (Jancurová et al., 2009), 
especially in those regions comprising modern-
day crops systems like Peru, Ecuador and 
Bolivia. This crop could be found in areas 
ranging from 1 to 4,000 m.a.s.l. (Bazile et 
al., 2015). In recent years, the production of 
Quinoa, a pseudocereal that is considered 
strategic for food sovereignty in cited countries 
has been strongly promoted due to its nutritional 
and dietary characteristics (Alandia et al., 
2020). Additionally, genetic diversity and the 
ability to adapt to different agroecological 
ecotypes (Jancurová et al., 2009; Vilcacundo 
& Hernández-Ledesma, 2017) have increased 
interest in this crop. The high nutritional value of 
Quinoa is attributed to its protein content (10.4 

to 17% protein) (Bazile et al., 2015; Nowak et 
al., 2016) and also it is a gluten-free source for 
processed food (i.e., beer, yogurt, flour, milk 
and so on). For these reasons, several authors 
consider Quinoa as the “only food of plant 
origin that has all the essential amino acids”. 
The nutritional profile of Quinoa indicates that 
it constitutes a source of proteins with a good 
balance of all of the essential amino acids, 
necessary minerals, vitamins, high-quality oils 
and flavonoids (De Ron et al., 2017).

Furthermore, it contains polyunsaturated 
fatty acids, mainly ω6 (linoleic), followed 
by ω9 (oleic) and ω3 (linolenic acid), in turn, 
containing other nutritional components such 
as carbohydrates, vitamins and minerals (Vega-
Gálvez et al., 2010; Vilcacundo & Hernández-
Ledesma, 2017). It should be mentioned that 
Quinoa is highly valued for its minimal gluten 
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content, which is why Quinoa is considered 
suitable for people with celiac disease (Ruiz et 
al., 2013). All these advantages lead to concerns 
about the sustainability and environmental 
performance of the Quinoa productive chain in 
Ecuador, considering the rise in its production 
and consumption worldwide.

In general, Quinoa crops tolerate a wide 
range of acidic soil conditions. It also tolerates 
temperatures ranging from -1 to 35°C. Quinoa is 
known for its frosting resistance. If frost occurs 
before flowering, significant damage may occur 
(Jancurová et al., 2009). It can grow even in 
regions where the annual rainfall varies from 
200 to 400 mm. The planting season varies 
from August in the Andean highlands (Ecuador, 
Peru and Bolivia), extending through December 
and in some areas from January to March. 
Usually, seeds are spread in field, yet, weed 
control and mechanization become difficult. 
Quinoa is seeded in rows (spaced 40–80 cm), 
using mechanized agriculture practices (Ruiz et 
al., 2013; Vilcacundo & Hernández-Ledesma, 
2017). The sowing density varies according 
to the region and variety of Quinoa. Different 
densities have been reported i.e., from 0.4 to 
0.6 g/m2 in Bolivian Altiplano, from 0.5 to 2.3 
g/m2 in Puno-Peru and from 0.8 to 1.4 g/m2 in 
Ecuador.

Several of the greater producers around the 
world are the “traditional” producing countries 
of Quinoa: Bolivia, Peru and Ecuador. It is 
estimated that 80% of the production worldwide 
is in these countries, although in recent years 
crops have been cultivated in the Mediterranean 
region, Asia and also in North America (Ruiz et 
al., 2013; Skarbø, 2015). In Ecuador, Quinoa 
is distributed in several provinces (e.g., Azuay, 
Cañar, Chimborazo, Imbabura, Pichincha and 
Tungurahua), all of them in highlands. The 
highest yield in 2016 was at Pichincha with 1.79 
tonnes/ha and the area of lower productivity 
was Tungurahua with 1.19 tonnes/ha (Monteros, 
2016). This is a potential opportunity for 
introducing non-traditional crops to be 
promoted all around the world, in order to 
give alternatives of business to the Ecuadorian 
Andean communities, formerly focused on 

potato, tomato, beans and onions. Particularly, 
Quinoa var. Tukahuan (Peralta L., 1985; 
PROINPA, 2011), also called Sweet Quinoa due 
to this variety’s lack of saponins, reduces the 
requirement of water in the productive chain.

The production of Sweet Quinoa began with 
the exchange of germplasm at Experimental 
Station “Patacamaya” in Bolivia in 1983. In 
2001, this seed was evaluated to have low 
saponin content, which is why it is considered 
sweet and with a mid-high potential yield. In the 
following year, its production was evaluated in 
different zones of Ecuador´s highlands, starting 
from Carchi (north) and ending in Cañar (south). 
The average height of this variety is 95 cm. Its 
production is half-day, that is, the vegetative 
period is 140 days. It is of erect habit, with simple 
branching, medium-sized leaves, rhomboidal 
with an entire border with purple stretch marks. 
The panicle is amarantiform and turns pink at 
maturity. The grain is cream-colored with size 
from 1.7 to 2.1 mm and has saponin content of 
0.05%, so it is considered sweet. It has 16.28% 
protein, with a yield potential (1,900 kg*ha-1). It 
is slightly susceptible to drought and frost and is 
tolerant to excess moisture and hail (Peralta L., 
1985; Monteros, 2016). In this analysis, seasonal 
cropping is not considered due to the geographic 
location of Ecuador.

Community crop systems, also known 
as a farmers’ or agricultural cooperative, is 
where farmers pool their resources in several 
activities areas. Different agricultural services 
are provided according to members’ needs and 
production resources (e.g., land, manure and 
machinery) are collected and for members to use 
together (Valentinov, 2007; Org-Nte & Cucco, 
2017). There are two principal categories of 
cooperatives systems: Supply cooperatives and 
marketing cooperatives. Supply cooperatives 
provide several inputs for agricultural 
production including seeds, fertilizers, fuel and 
machinery services. Marketing cooperatives 
are founded by farmers to engage the service 
such as transportation, packaging, distribution 
and marketing of farm products (both crop 
and livestock) (Valentinov & Iliopoulos, 2013). 
Agriculture is well known to contribute to climate 
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change through greenhouse gas (GHG) emissions 
(Ramírez-Cando et al., 2017). Ecuador reported 
that agriculture contributed 18.03% of its 
emissions in 2010. Agriculture is the third largest 
GHG generating sector, with energy emitting the 
most at 44.49% of Ecuador’s GHG emissions. As 
for agricultural soils, they contributed 6,795.00 
Gg of CO2eq, which corresponds to 46.81% 
within the agricultural sector, which issued 
14 515.94 Gg CO2eq (MAE, 2016). Another 
problem associated with agriculture is the use of 
water resources, since it uses between 2,000 to 
5,000 liters/day/person (Molden & de Fraiture, 
2004). According to the Water Secretariat in 
Ecuador, the country used 76% of the flow for 
irrigation in the agricultural sector (Pérez Arcos, 
2012).

The International Organization for 
Standardization (ISO) divides LCA into four 
phases (ISO 14040) to assess environmental 
impacts (Guinée et al., 2002; International 
Organization for Standardization, 2007). Life 
Cycle Inventory (LCI) is where the product 
system and its unit processes and transfers 
between the production system and the 
environment are unified and analyzed. Labeled 
elementary flows include inputs from nature 
(e.g., extracted raw materials, land used, raw 
materials and so on) and outputs to the ecosphere 
(e.g., emissions to air, water and soil). The total 
of elementary flows exchanged by the production 
system and the environment is relative to a 
functional unit as defined in the Goal and 
Scope phase. The magnitude and significance 
of environmental impacts associated with the 
elementary flows are defined by Life Cycle 
Impact Assessment (LCIA). This is possible by 
associating the life cycle inventory results with 
environmental impact categories and category 
indicators. LCI results, other than elementary 
flows are identified and their relationship to 
corresponding category indicators is determined. 
LCIA has several mandatory elements: Selection 
of impact categories, category indicators and 
characterization models, as well as assignment of 
the LCI results to the various impact categories 
(classification) and calculation of category 
indicator results (characterization). Lastly, Life 

Cycle Interpretation aims to couple the findings 
of the previous two phases with the defined 
goal and scope to reach conclusions or advice. 
It is important to note that Environmental-LCA 
(E-LCA) provides an assessment of potential 
impacts based on the chosen functional unit. 

Considering that there is no information 
about Quinoa LCA (Clark & Tilman, 2017), 
the present work aims to estimate indicators 
of the environmental performance of Quinoa 
harvested in community systems. This system 
involves the cooperative of native communities, 
NGOs and enterprises dedicated to fomenting 
this kind of agribusiness. They are bearing 
in mind that GHGs of greatest concern for 
Agriculture Forestry and Other Land Use 
sector (AFOLU sector) are CO2, N2O and 
CH4 (IPCC, 2006a). However, as supported 
by the Food and Agriculture Organization of 
the United Nations (FAO) in crops such as 
Quinoa, methane emission is not considered. 
However, eutrophication, acidification and 
ecotoxicological potential were considered. 
The study considered the Life Cycle of Quinoa 
crops, from the preparation of the soil to the 
management of agricultural residues until its 
industrial processing (ready to sell), the research 
is based on the inventory of the agricultural 
production system. The data were collected 
through observations in the field, interviews 
with producers and sampling of soil, fertilizers, 
plant and roots. This research is carried out with 
the objective of estimating the LCA impacts 
and necessary data to boost the eco-labeling of 
Andean products linked to organic certification 
in the country, and to contribute to mitigating 
climate change and encouraging sustainable 
development.

Materials and Methods 
Data Collection
For collecting primary information, there were 
two main sources. First, samples were collected 
from 5 experimental plots (100 m2) in three 
years (2014-2016) triplicated (45 samples 
total). It was done in order to typify the required 
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characteristics of Quinoa under study. Second, 
surveys were conducted with producers to 
obtain input and output data used to produce 
a hectare of Quinoa. A series of questions 
were established to collect information on: (i) 
Yields, (ii) Quantity and variety of seed used 
in planting, (iii) Quantity and types of fuels 
used in machinery such as threshing machine, 
vending machine, an off-road transport such 
as tractor and land transport (truck used to 
transport panicles and machinery), (iv) Use of 
phytosanitary products, (v) Water source (if it 
was rain or irrigation systems) and (vi) Crop 
management practices. The data was collected 
from 2011 until 2016, this study includes historic 
data obtained directly from producers (surveys) 
and bibliographic reports. All trials and surveys 
were carried out in the three zones with major 
production, according to the Ministry of 
Agriculture (MAGAP), as presented in Figure 1.  

Apical and below-ground biomass 
generated per hectare was estimated in three 
randomized subplots of 0.25 m2, by drawing 
out plants and cutting them at the root collar 
after Quinoa-grains removal (twice in a year) 
(D’Avino et al., 2015). N-content in residues 
was estimated in each subplot using the Kjeldahl 
automatized method (Labconco, 1998; Sáez-
Plaza et al., 2013). All samples were collected 
randomly from crops between 2014 and 2016. 
For the sample of fertilizer (animal manure) 

used in the crop, approximately 1° of storage 
tanks owned by the producer for the respective 
analysis in the laboratory were taken twice for 
crop cycle in established plots. Kjeldahl method, 
Colorimetric determination (Mullins & Evans, 
1990) and atomic absorption (Hill & Fisher, 
2010) were used to quantify N, P, K in manure, 
respectively. 

System Description
This study was carried out in the Andean region 
in Ecuador ranging 2,500-4,000 m.a.s.l., a 
majoritarian cold weather (16°C in mean). In 
Ecuador, there are no four seasons, weather 
is divided in two main seasons: (i) Raining 
season (from November to April), when the 
temperature range is 0 to 15°C and rainfall from 
300-490 mm and (ii) Sunny season (from May 
to October), when the temperature range is 13 to 
22°C and rainfall from 150-230 mm. Data were 
taken from Ecuadorian Institute of Meteorology 
(INAMHI).  

At the farming stage, combusted fossil 
fuel, air-emission sources (including fossil fuel 
combustion), fertilizer requirement and crop 
residue incorporation were used to assess the 
straight energy consumption. Total direct energy 
was used on a net calorific value basis while 
the emissions in fossil fuel combustion were 
calculated using the CO2 and N2O factors. Soil 

Figure 1: Zone of major production of Quinoa in Ecuador reported by MAGAP and GIS coordinates to the 
sites of sampling
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carbon content was excluded from the GWP 
evaluation because it was difficult to combine 
data according to Quinoa systems at a regional 
level using a soil carbon balance model (Masuda, 
2016). As seen in quite a few E-LCA studies for 
mountain crops such as grass, wheat, barley and 
maize, phosphorus leaching from the soil and 
its problems were not considered. The latter is 
related to the amount of phosphorus leaching 
that has a negligible value in most soil types in 
Ecuador’s highlands (Podwojewski et al., 2002; 
Tischer et al., 2014; Masuda, 2016). Whereby, 
for each input, GHG emissions were estimated, 
added and total GHG emissions for each trial 
were linked to the corresponding Quinoa-grain 
yields. 

Figure 2 shows the system boundaries 
for the LCA of Quinoa ready to sell. The 
boundaries include the burden of all inputs in 
agricultural production, transportation of seed 
to the processing facility (materials and energy) 
and shipping of packed Quinoa to market (to 
retailers’ gate). Figure 1 illustrates the system 
boundaries for the Quinoa agricultural phase. 
Drying and packing involve no co-products. 
This avoids the typical allocation problem in 
E-LCA. The indicated problem refers to criteria 
for determining how input or output flows 
of a product or process and their associated 
environmental burdens should be allocated or 
partitioned for a product or process that has 
different co-products. 

Goal and Scope 
The goal of our study was to quantify the 
environmental impacts at a regional level, 
of Quinoa on GWP, EP, AP, WEP and EC as 
comparative indicators considering farm to 
gate system, following several bibliographic 
guidance (Guinée et al., 2002; Ramiréz-Cando 
& Spugnoli, 2016). The effects of Carbon 
Dioxide (CO2) were expressed as CO2 equivalent 
(CO2eq), using equivalences as follow: 

1 CO2=1 CO2eq; and nitrous oxide (N2O) = 296 
CO2eq.

The aim of our research covered the whole 
life cycle (LC), from harvesting to transport and 
distribution to sellers or retailers (cradle to gate 
+ gate to gate). The functional unit (FU) that 
impacts the system is a 25 kg bag of ready to 
sell Quinoa. The conversion factors were taken 
from Ecoinvent 3.3. database. Emissions were 
calculated following IPCC tier 1 (IPCC, 2006c) 
as described below. For the harvesting, drying, 
and packing phases, the impacts were assessed 
by in-field experimental data combined with 
secondary data when necessary. To evaluate 
E-LCA impacts due to additional subsystems, 
standard data from Ecoinvent was used to 
appraise transport, shipping and distribution to 
retailers. In the productive chain under study, 
expiation and allocation were not considered 
(see Figure 3).

Figure 2: System boundaries to Quinoa harvested in Ecuador (cradle to gate + gate to gate). GWP = 
Global Warming Potential, AP = Acidification Potential, WEP = Eutrophication Potential and EC = Energy 

Consumption
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Life Cycle Inventory
Agricultural Cultivation
Quinoa can be harvested profitably in a variety 
of soils and altitudes including marginal lands 
at low rates of N-fertilizer application and 
lower maintenance costs. It has generally been 
cultivated with no herbicide application. (Arendt 
& Zannini, 2013; Matteo et al., 2020). The total 
amount of N2O emissions from the agricultural 
production process was calculated by the 
methodology developed by IPCC. Methane 
is excluded from the estimation following the 
recommendation of FAO and other institutions 
in agriculture, as only selected crops must be 
estimated for methane emission to air (OECD/
FAO, 2015). N2O emissions from cultivation 
were calculated following the IPCC methodology 
reported in chapter 11 (IPCC, 2006c). Direct and 
indirect yearly N2O emissions from harvesting 
residuals (all agricultural residues were considered 
to remain in the ground in order to calculate N2O 
emissions) and fertilizers were assessed using the 
following equations proposed in IPCC guidelines 
(IPCC, 2006b; Sato et al., 2019): 

Direct N2O emitted from fertilizer applied, 
using Equation 1:
Direct N2O(Fert)=(Syn-N+Org-N)*EF1*k  	 (1)

As presented in Equation 1, direct emission 
is a function of N inputs, Syn-N (Applied 

synthetic fertilizer), Orf-N (Applied organic 
fertilizer, analytically determinated), the 
emission factor for direct emission (EF1) and 
the molar relation N2O/N (k=1.5714). There is 
no irrigation and tillage considered. This study 
ignores animal excretion and considers that 
methane did not produce a significate impact.

Indirect N2O emitted from fertilizer, using 
Equation 2:

Indirect N2O(Fert)=([( Syn-N+Org-
N)*EF5*FrLeac]+[Syn-N*EF4*FrGas])*k 	 (2)

As presented in Equation 2, indirect 
emission is a function of N inputs (Syn-N and 
Org-N) emission factor for N2O emissions from 
atmospheric deposition of N on soils and water 
surface (EF4), emission factor for N2O emissions 
from N leaching and runoff (EF5), fraction of 
synthetic fertilizer N that volatilizes as NH3 and 
NOx, weight of N volatilized (FrGas), fraction 
of all N added to/mineralized that is lost through 
leaching and runoff (FrLeac) and the constant k.

Direct N2O emitted from agricultural residues, 
using Equation 3:

Direct N2O(residuals)=(Egr*Nbg)*EF1*k     (3)

As presented in Equation 3, the direct 
and indirect emission is a function of epigeal 
residues (Egr) and its N content (Nbg).

Figure 3: Impact categories (relative), for entire productive chain considered
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Indirect N2O emitted from agricultural residues, 
using Equation 4:

Indirect N2O(Fert) 
= (Egr*Nbg)*EF5*FrLeac*k	 (4)

Quinoa Processing
For industrial processes, optical separation, 
drying and packing were considered. In this 
regard, electricity, heat and fuels related impacts 
were assessed. To arrive to a local retailer, 300 
km of transport was assumed, which is the 
mean distance from the production zone to the 
most important cities in Ecuador.  For instance, 
Quito´s distance to the main production facility 
is 190 km, for Guayaquil is 500 km and for 
Cuenca is 250 km. Consequently, 300 km is a 
reasonable approximation to transport Quinoa to 
be sold locally.

Data Analysis 
To calculate impacts a matrix based LCA was 
performed (Canals et al., 2007). The main 
analysis was based on Global Warming Potential 
(GWP). Moreover, the LC impact estimation 
phase was conducted through the methodology 
developed by Guineée and coworkers (CML 
baseline 2000) (Guinée et al., 2002) and in 
specific the impact categories frequently 
considered in an agricultural sector E-LCA 
(global warming potential (GWP), acidification 
potential (AP), eutrophication potential (EP) 
and photochemical oxidant formation (POP)) 
were evaluated, as well as the use of non-
renewable energy resources. The choice of 
these impact categories seems to be appropriate 
for the assessment proposed of crops related 
to industrial goods. The impact assessment 
was implemented using SimaPro 8.4.0 (PRé 
Consultants).

According to practitioners’ recommendations, 
an uncertainty analysis was performed supported 
by SimaPro 8.4.0. tool. It was fixed at 50,000 
runs with 1,000 seed to warm up the model. This 
number of runs was selected after a preliminary 
Monte-Carlo analysis result that after 50,000 
simulations the model was stable, thus, reducing 
resource consumption.

Results and Discussion
Survey indicated that Quinoa var. Tunkahuan 
was the predominant variety in the study zones 
(72%), followed by Quinoa var. Chimborazo 
bitter, which was in line with information 
reported by Monteros, 2016, in Ecuador (80% 
for 2015). For these reasons, further study was 
fixed for this Quinoa var. On the other hand, the 
18 farmers consulted (who grow Quinoa var. 
Tunkahuan) from 2011 to 2016 said they did 
not use inorganic fertilizers, urea, additional 
irrigation and pesticides. These results are in 
line with biological agricultural practices and 
also with low input crops thinking (LISA) 
(SAN, 2010; Robertson & Harwood, 2013) (see 
Table 1). 

These communitarian systems (see Figure 
4) are strongly supported in Ecuador by NGOs 
such as Maquita Cushunchic. In this system, 
using machinery is limited or none at all and it 
depends not only on local geography but also 
on collaboration among community members. 
This reduces environmental and social costs of 
farming. However, it can increase several costs 
and reduce yield compared with conventional 
farming systems.

Net yield for this variety of Quinoa was in the 
range presented by (Monteros, 2016), our study 
presented a little increase in it (19%) confronted 
with national average for sweet Quinoa, 
moreover in terms of the single variety, there 
were no differences (lower than 5%). On the 
other hand, comparing net yield with it in other 
countries we found: (i) Comparing results with 
Bolivia and Peru (regional similar countries), 
yield ranges within 1,200-2,500 kg*ha-1 
(Bazile et al., 2015); Quinoa var. Tukahuan 
has presented yields in this range (see Table 1), 
without taking into account variety, region or 
farming practices. However, its farming inputs 
were lower compared with conventional Quinoa 
farming practices (Robinson et al., 2013; Ruiz et 
al., 2013), (ii) Emerging production of Quinoa 
in the Mediterranean zone in Chile and in 
several places in Asia and North America allows 
to see a worldwide panorama of its performance, 
averages productions are around 2,000 kg*ha-1 
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(Garrido et al., 2013; Ruiz et al., 2013; Bazile 
et al., 2015) for Quinoa and Genetic Modified 
Quinoa seems to be higher. Productive reduction 
appears to be a disadvantage hence environmental 
performance and reduction in agrochemical use 
are fundamental to understand the benefits of this 
crops systems in Ecuador and further worldwide.

Data collected to perform LCA were 
summarized in terms of mean and coefficient of 
variation (see Table 1). N, P, K concentrations 
in manure were obtained through experiments. 
Fertilization was done using manure as this 
practice has no impact in terms of any category 
analyzed in the present work, however N-content 
of manure influences N2O emitted in farming 

Table 1: Inputs and output flows of the agriculture step in production per ha (mean values 2011-2016)

Farming Data Mean CV

Inputs
Handwork Workers Worker*Hours/ha 6.00 11%

Fertilizers

Manure ton*ha-1 5.00 25%

N kg*ha-1 296.91 46.6%

P kg*ha-1 2.76 43.2%

K kg*ha-1 35.27 44.9%

Fuels Diesel kg*ha-1 39.08 18,5%

Seeds - kg*ha-1 15.00 0.0%

Phytosanitary Biocides kg*ha-1 0.00 0.0%

Outputs

Net yield kg*ha-1 1650.00 31%

Above ground residues kg*ha-1 2340.00 30%

Total biomass kg*ha-1 5320.00 30%

Biomass N-content % 0.98 45.9%

Emission to air (N2O)   kg*ha-1 4.92 24%

Figure 4: Communitarian practices cycle around Quinoa crops in Ecuador
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(see Table 4). Manure has great environmental 
and economic advantages (as shown in Tables 
2 and 4). Community systems reduce their 
emission compared with conventional crop 
systems due to fertilizer use, transport and final 
disposal. Farmers said that they produce manure 
about 1 or 2 km away. 

Total biomass was estimated using the 
harvest index of Quinoa (0.31) (Garrido et al., 
2013). The fuel used by the workers in this part 
of the process was Diesel at 39.08 kg*ha-1 and 
18.5% variation. Compared with crops cultivated 
under conventional systems, this figure is almost 
46% lower (Lloveras et al., 2006; Masuda, 2016; 
Bacenetti et al., 2017) assuming 72 kg*ha-1 as 
standard value for diesel used in conventional 
agriculture, in terms of GWP and acidification 
this leads to a greater reduction of impacts in 
farming phase. 

To model the drying and packing process, 
information was collected from several facilities 
that process Quinoa, showing homogeneous 

processes. All data from the process, excluding 
infrastructure, is presented in Table 3. The 
desaponification process was excluded due 
to the variety of Quinoa harvested containing 
no saponins (<1%), reducing the impact of 
using dry or humid desaponification processes. 
Another important finding regarding the 
industrial process was the use of jute bags that 
are reusable and biodegradable.

In environmental impacts evaluated, the 
GWP along the productive chain of Quinoa 
was essentially influenced by farming phase, 
as reported for most crops all around the world 
(Hixson & Parrish, 2014; Masuda, 2016; Pil et 
al., 2016). Table 4 shows the results of LCA 
separated by inputs and subprocess throughout 
five years (2011-2016). The findings to note 
regarding harvesting phase were:

(i)	 Using manure caused no impact in any 
considered category, which is one of the 
strongest factors in favor of community 
systems regarding environmental performance

Table 2: Life Cycle Assessment uncertainty analysis for 1 hectare of harvested Quinoa

Impact Category Unit Mean Median SD CV (%) 2.5% 97.5% SEM
Acidification kg SO2 eq 0.87 0.87 0.04 4.60 0.79 0.95 0.01
Eutrophication kg PO4

--- eq 1.52 1.52 0.16 10.53 1.20 1.84 0.004
Fresh water 
aquatic ecotox.

Kg 1,4-DB eq 0.15 0.15 0.01 6.67 0.13 0.16 0.00

Global warming 
(GWP100a)

ton CO2 eq 1.513 1.508 0.156 10.35 1.180 1.799 4.05

Table 3: Inputs and output flows of typical process for Sweet Quinoa grains in Ecuador

Industrial Process Units Mean CV

Inputs

Hand work Workers*horas 8 0%

Packing Jute bags Bags/batch 65 5%

Quinoa grains kg/Batch 1650 12%

Electricity Hydroelectric kW.hour/ton 46.34 9%

Outputs

Packed Quinoa Total batch Bag (25 kg) 65 5%

Residues Water kg 180 5%
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(ii)	 Diesel consumption influences GWP and 
acidification the most

(iii)	Emission of N2O, due to application of 
manure and residues in soil has a greater 
influence over GWP and eutrophication 
(Figure 3)

When calculating the means and 
coefficient of variance throughout Monte Carlo 
simulation, fresh water ecotoxicity shows the 

lowest dispersion in the information, while 
eutrophication has the highest value. Therefore, 
the standard error of mean shows that the 
accuracy for acidification, according to the data 
provided, will be higher as shown in Figure 5, 
with 95% confidence (see Table 2, Table 5 and 
Figure 5). 

There is no information about LCA 
performed over Quinoa productive system in 

Table 4: Life Cycle Assessment results concerning a bag of (25 kg)

Impact 
Category

Unit Total N2O Diesel Manure Electricity Packing Transport

Global 
warming

kgCO2-eq 24.510 18.82 3.546 0.000 0.125 0.095 1.925

Fresh water 
ecotox.

g 1,4-DB-eq 148.63 0.00 2.052 0.000 0.009 13.095 133.474

Acidification g SO2-eq 20.216 0.00 12.082 0.000 0.005 0.328 7.801

Eutrophication g PO4
-3-eq 24.124 18.56 2.611 0.000 0.001 1.135 1.815

Table 5: Life Cycle Assessment uncertainty analysis for 1 bag of processed Quinoa (25 kg)

Impact Category Unit Mean Median CV Q 2.5% Q 97.5% SEM

Acidification g SO2 eq 22.624 22.621 4.27% 20.757 24.518 0.006

Eutrophication g PO4-3 eq 27.308 27.249 8.92% 21.535 33.487 0.018

Fresh water ecotoxicity g 1,4-DB eq 149.072 149.067 2.26% 142.445 155.706 0.020

Global warming 
(GWP100a)

kg CO2 eq 26.463 26.405 8.78% 20.806 32.526 0.018

Figure 5: Uncertainty of impact categories estimated by Montecarlo simulation (distributions), for entire 
productive chain considered, to approximate to Ecuadorian mean value (95% of confidence)
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other locations. However, considering that 
Quinoa is used to produce Gluten-free food 
and beverages, it is reasonable to compare 
Quinoa's environmental performance with 
Wheat produced around the world. GWP of 
wheat for a hectare range from 2.85 to 3.15 ton 
CO2eq/ha (Charles et al., 2006; Schmidt, 2008; 
Masuda, 2016) while Quinoa’s GWP is 50% 
lower for unit of land used. However, yield 
of wheat ranges from 2.8-3.0 ton/ha, which is 
almost twofold higher than the Sweet Quinoa 
under study. This means that GWP of wheat 
and Quinoa seem to be equal considering that 
the GWP of Sweet Quinoa ranged 715-1,090 
gCO2eq/kg (with differences lower than 5% 
compared with Wheat). Therefore, this analysis 
must point out the advantages of non-use of 
synthetic fertilizers and phytosanitary, and 
also that Sweet Quinoa does not require water 
in farming and industrial processing. On the 
other hand, Quinoa cultivation's Eutrophication 
impact is 60% lower compared with wheat 
in terms of soil and mass it is due to non-use 
of N-P-K fertilizers. It is evident that the use 
of N-fertilizers (ammonia or urea) negatively 
influences GWP and eutrophication. Not using 
them reduces eutrophication and acidification 
potentials, as seen in the community cultivation 
of Sweet Quinoa studied here. 

Conclusion
The results showed that the environmental 
performance of sweet Quinoa production is 
achieved when an adequate N-fertilizer is 
used. On the report of the results of operational 
targets, improving harvest for the advance of 
the environmental outcome of Quinoa crops is 
strongly connected to low inputs systems.

These low inputs systems should be 
encouraged not only in Quinoa or Amaranthus, 
which are marginal crops in Ecuador but also 
to crops like potato or tomatoes, which are the 
most prolific crops within the zones studied in 
this work.

This study suggests that Quinoa under 
communitarian systems produces a good 
reduction in eutrophication (at regional level). 

Moreover, on a global scale, GWP has presented 
values closer to other crops with the advantage 
of non-use of pesticides or additional irrigation 
that may increase water use. Combining these 
results with the nutritional advantages of Quinoa 
makes the case for a great opportunity for 
Andean countries to promote superfood crops.

Quinoa is a fascinating plant whose ability 
to tolerate hostile and different environments, 
with singular nutraceutical properties justifies 
and warrants future research in agronomy, 
plant biology, and/or eco-efficiency. It is also 
important to remember that the heterogeneous 
genetic and cultural heritage of Quinoa must 
be preserved and encouraged in its use as a 
food source. The commercial benefit from the 
employment of Quinoa varieties with large, 
white seeds, called “Quinua Real” has to be 
considered with reference to other elements 
present within the “Quinoa network”.

However, Sweet Quinoa has demonstrated 
that it is environmentally suitable and in several 
aspects, a more robust performer compared with 
other crops such as wheat and rice. Furthermore, 
its nutritional profile and eco-friendly behavior 
allows it to be an excellent food crop for the 
future.

The environmental performance of the 
Quinoa in Ecuador shows that it is a candidate for 
expanded cultivation. However, sustainability 
of a productive chain must be assessed in 
base of the three dimensions (Environmental, 
Social and Economic). Applying Social Life 
Cycle Assessment (S-LCA), which may be a 
method accustomed to evaluating the social 
and sociological dimensions of products and 
their actual and potential positive effects as 
well as negative consequences along the LC, we 
are able to highlight the recent spots in a very 
local level i.e., child work, work conditions, 
discrimination, etc. (Unep Setac Life Cycle 
Initiative, 2009; Ramiréz-Cando & Spugnoli, 
2016). The latter looks at the drawing and 
processing of zero materials, manufacturing, 
distribution, use, reuse, maintenance, recycling 
and final disposal. The use of generic and 
site-specific data may be quantitative, semi-
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quantitative or qualitative, and complements 
the environmental LCA and LCC completing 
LCSA and dynamic components to LCSA must 
be also added in future research. It is often 
applied on its own or not to mention the opposite 
techniques, moreover, S-LCA does not answer 
the question of if a product may be produced 
or not, though details obtained from an S-LCA 
may offer something to consider and may be 
useful for reaching such a decision. However, a 
large number of factors must be contemplated, 
besides social analysis at the local level, one 
of the foremost factors are social issues at the 
national and regional scale associated with this 
productive system, and also the indigenous 
culture within the country. This must be assessed 
as a key part of the Life Cycle Sustainability 
Analysis (LCSA). This analysis is vital to 
policymakers and other social stakeholders to 
grasp and promote the sustainable potential of 
this crop and protect heritage and traditional 
practices on a local and national scale.
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