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A B S T R A C T

Quinoa and lupin are emergent sectors recognized as major promoters of social and economic development in
the producer indigenous communities of Ecuador. The associated industrial process requires thermal energy
typically produced using subsidized diesel or LPG. This analysis shows that 37.7% of the fuel costs of the
analyzed industries are covered by the government in the form of subsidies. Hence, a major risk could be induced
into this sector under a subsidy removal scenario. On this regard, the residual biomass generated during quinoa
and lupin threshing represents an opportunity for the combined production of biochar for soil amendment and
heat as an alternative to replace fossil fuels in the agro-industry sector. This analysis shows that the heat pro-
duced during the carbonization of the residual biomass from threshing exceeds the thermal energy required for
saponins removal. A positive cash flow was verified in all the considered scenarios. However, the economic
performance of the energy system is strongly related to the biochar price rather than the income in result of CO2

emissions trading and fuel costs savings. Furthermore, the current tax incentive represents a subsidy of 39.2% of
the initial investment costs to implement a valorization infrastructure.

1. Introduction

Quinoa and lupin are native pseudo cereals from South America
highlands which have been cultivated for thousands of years by local
indigenous communities especially in Ecuador, Peru and Bolivia.
Quinoa and lupin crops have increased in these countries due to the
high price associated to the by-products in the international market
(FAO, 2014). Besides economical motivations, quinoa and lupin crops
has been promoted in these countries due to it is recognized as an ac-
tivity that promotes community empowerment, local food security,
poverty reduction and local resources conservation (Horton, 2014a).
Thus, in the region Peru leads the quinoa production with 41,182 t/yr,
followed by Bolivia with 38,257 t/yr and Ecuador with 816 t/yr
(Horton, 2014b). These social and market dynamics around the quinoa
and lupin could be attributed to their remarkable nutritional properties
recently reported. The quinoa grains have an outstanding protein
content that ranges in amounts from 7.4 to 22.1 wt% besides being
considered as a source of high quality protein due to the presence of
sixteen essential aminoacids (Bhargava et al., 2006; Villacres et al.,

2011). Furthermore, the quinoa grain is gluten-free, owns high fibber
content and a wide range of minerals and vitamins (Peralta, 1985;
Villacres et al., 2011). Regarding lupin; the protein content ranges from
41 to 51 wt%. Further, the lupin protein quality is highlighted by the
presence of important essential aminoacids as lysine and leucine. It is
worth to remark that the lupin protein content is almost double when
compared to traditional legumes and grains and higher than soy protein
content (Gross et al., 1988).

Most of the available data regarding quinoa and lupin agro-industry
sectors, namely: growing, harvesting, post-harvesting and industrial
operations (Caicedo and Peralta, 2000; Meyhuay, 2008; Peralta et al.,
2012) pertain to local research developed mainly by National Research
Institutes, NGO's and local universities rather than information pub-
lished in international journal papers. In consequence, the data asso-
ciated to the quinoa and lupin sector are scattered. Regarding the
generation of wastes in the quinoa and lupin sector, despite residual
biomass generation during post-harvesting and industrial operations is
reported, it is not properly quantified (Domínguez, 2003). Typically,
the quinoa and lupin threshing wastes have been managed as of low
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economical interest. Thus, despite a local prohibition of burning any
type of waste including those of agriculture in open fires (Ministerio de
Ambiente, 2009), open burning of quinoa and lupin stems in order to
reuse the ashes in the soil is a common practice (Jacobsen and Mujica,
2007). In this context, a current need is the development of alternatives
for processing this residual biomass in order to bring added-value and
support this sector. These alternatives can include some operations
within the associated agro-industry sector, as the production of thermal
energy. The quinoa and lupin industrial sector use thermal energy to
remove saponins (Caicedo et al., 2001; Jacobsen and Sherwood, 2002).
Thus, the quinoa requires a drying process after saponins washing and
lupin is usually heated along with water during the saponins removal
process (Birbuet and Machicado, 2008).

In Ecuador, thermal energy for residential and industrial applica-
tions is usually produced resorting to fossil fuels burning. In the in-
dustrial sector, diesel and liquefied petroleum gas (LPG) are generally
preferred for heat production. Traditionally, both types of fuels have
been subsidized by the government. The origin of the subsidies to fossil
fuels in Ecuador goes back to the 70 s where an increase in the gov-
ernment income due to a rise in the oil prices allowed the creation of a
specific budget to subsidy fossil fuels consumption in the army.
However, the local refinery barely covered 55.4% of the total liquid and
gaseous fuels demand of the country thus, a national policy was defined
in order to extend the subsidy to the industrial sector and to the po-
pulation in general with the main purpose of ensuring access to energy
for the low income population (Mendoza, 2014). However, it has been
observed that the subsidies to diesel and LPG were harnessed specially
by middle and high income population (Andrade, 2011; Troncoso and
Soares, 2017). Thus, the poorest quintile of the population (quintile 1)
barely benefits from 8% of the amount destined by the government for
fossil fuels subsidies while the richest quintile (quintile 5) benefits from
36% (Yaselga, 2014). Moreover, this Ecuadorian energy policy based on
subsidies to fossil fuels has caused that gasoline, diesel and LPG prices
become lower when compared to the price in the neighbour countries,
thus, fuel smuggling in the country borders is a current problem
(Ripalda, 2014). Some estimations shows that the government expenses
due to subsidies to fossil fuels have increased from 647 million dollars
in 2007 to 1364 million dollars in 2013 (Ripalda, 2014). In this context,
organize a subsidy reform could represent a high political cost (Tron-
coso and Soares, 2017). Therefore, it has been proposed to maintain the
subsidies for the LPG used in the residential sector. Likewise, the sub-
sidies to diesel fuel in the automotive sector are being maintained in
order to prevent an increase in the transportation costs. In consequence,
the use of diesel and LPG for industrial and commercial processes has
been the starting point for a general subsidy reform. Currently, there is
a differentiated price rate for the LPG and diesel used in industrial
processes and the LPG and diesel used in the residential and automotive
sector respectively. According to the Agencia de regulación y control
hidrocarburífero (Agencia de regulación y control hidrocarburífero,
2016), unlike the LPG used in the residential sector, the price of the LPG
used in industrial processes does not include any subsidy. Further, the
diesel price for the industrial sector does not include the same subsidy
rate considered in the diesel used for the automotive sector. Never-
theless, although the current price regulation and the distribution
scheme aim to prevent the utilization of highly subsidized fossil fuels
for industrial processes, fiscal evasion is still common and the control of
such process is weak specially in the case of LPG (Castillo, 2007;
Ministerio Coordinador de la producción, 2010; Pazmiño, 2010). The
following reasoning have been claimed (Andrade, 2011) among those
to explain the undue utilization of subsidized LPG in the industrial and
commercial sectors. In Ecuador, LPG is marketed in two types of cy-
linders: 45 kg LPG cylinders and 15 kg LPG cylinders. The 15 kg cy-
linders are produced for domestic use and the 45 kg cylinders are
specifically produced for commercial and industrial use. The price of
LPG in 15 kg cylinders includes a government subsidy, while the price
of LPG in 45 kg cylinders does not include any government subsidy. In

this context, it has been claimed (Andrade, 2011) that the existence of a
deficit in the availability of 45 kg LPG cylinders in the Ecuadorian
market, namely distribution limitations reported by the industrial
sector in some regions of the country and in particular in the rural
areas, coupled with a lack of LPG subsidy on 45 kg cylinders, has been
leading to irregularities in the use of 15 kg cylinders in industrial and
commercial sectors to meet their LPG needs. This irregular use of
subsidized 15 kg cylinders in commercial and industrial sectors, in
particular in small and medium scale industry, has been observed in
spite of the Ecuadorian government's attempts to control its use in those
sectors. In fact, despite government efforts to minimize the irregular use
of subsidized LPG, the economic crisis conditions in Ecuador have also
been contributing to the involvement of operators, as industry owners,
traders and some population, in supporting this regime of irregular use
of 15 kg cylinders of subsidized LPG. Hence, it has been stated
(Andrade, 2011) that the problem is not only in the government side,
but also related to irregular practices promoted by some other market
operators, and a better control of the situation has been claimed.

The relation between the thermal energy consumed during the
quinoa and lupin industrial operations and the potential bioenergy
source related to residual biomass generated during the post-harvesting
operations is poorly understood. Hence, the effect of energetic valor-
ization of residual biomass in these industrial sectors and in the na-
tional policy of subsidies to fossil fuels is still unknown. Effectively, the
residual biomass generated during the industrial processes represents
an opportunity to produce thermal energy and replace fossil fuels (Dias
et al., 2013a; Salomón, 2014; Salomón et al., 2013). Combustion of
residual biomass is a well-known process for thermal energy production
(Kirsanovs et al., 2014; Míguez et al., 2012; Tarelho et al., 2011).
However, the combustion of agricultural fuels has been proven pro-
blematic due to the high ash concentration (Carvalho et al., 2013, 2007;
Chin et al., 2015). In this context, it is important to point that agri-
culture and agroindustrial sectors requires large amounts of embedded
forms of energy such as fertilizers besides typical energy vectors con-
sumed during industrial processes e.g. electricity and heat. Quinoa and
lupin growing are reported to require 570 and 192 kg of synthetic
fertilizer per hectare respectively, while quinoa and lupin organic
production requires 5–10 t of organic fertilizer per hectare (Peralta
et al., 2012). Hence, considering the constraints of combustion systems
to process residual biomass from agriculture, biochar production
through pyrolysis processes to be used for soil amending has become
relevant. In fact, the application of charcoal to soils seems to increase
bioavailable water, build soil organic matter, enhance nutrient cycling,
act as a liming agent, and reduce leaching of pesticides and nutrients to
surface and ground water (Joseph and Taylor, 2014). The half-life of
carbon in soil is in excess of 1000 years (Kauffman et al., 2014). Hence,
soil-applied biochar will make both, a lasting contribution to soil
quality and a sequestration type of atmospheric carbon, becoming also
a contribution to climate change mitigation. It is also mentioned that
the possibility of crop yield improvements from biochar application on
soils would reduce the land requirement for crop production and thus,
lead to a reduction in emissions from indirect land use-change (Laird,
2008). Furthermore, it was observed that biochar application reduces
soil stress caused by droughts since its porous structure is able to in-
crease the interfacial area of the soil together with the water retention
time (Boateng, 2007; Kammann et al., 2011). Moreover, process heat
can be produced in parallel during biochar production (Basu, 2010;
Rosas et al., 2016). Thus, integration of the waste heat generated during
carbonization (biochar production) with downstream industrial pro-
cesses contributes to improve the overall process efficiency (Heredia
et al., 2016). Accordingly, it could be hypothesized that valorization of
quinoa and lupin residual biomass through pyrolysis process could
make a twofold contribution namely: i) integrate the thermal energy
produced during the carbonization process to replace fossil fuels (in-
cluding the associated subsidies) used during the saponins removal
process and ii) the produced biochar could be marketed or applied to
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