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a b s t r a c t
Food waste is becoming a major global issue, threatening sustainable food systems and generating negative externalities in environmental terms. To highlight the associated cost to society from an economic
perspective, studies estimate the amount and monetary value of the wasted food by households and along
the supply chain. In this paper, we adopt a different point of view by assessing the effects of food waste
reduction on national economies in terms of total output, Gross Domestic Product (GDP) and employment. We use linear multiplier models based on social accounting matrices with a highly disaggregated
agricultural account for the year 2007. The proposed methodology is applied to a sample of European
countries with different economic structure, i.e., Spain, Germany and Poland. The results show that the
most signiﬁcant impacts are due to a reduction in the avoidable portion of the wasted food by households across the countries. However, the size of these impacts depends on the economic structure of the
country in which reduction could be implemented, highlighting the need to tailor measures intended to
reduce food waste.
© 2017 Elsevier B.V. All rights reserved.

Introduction
Approximately one-third of food produced for human consumption gets lost or wasted, a major global issue that threatens
sustainable food systems and generates negative externalities in
environmental terms. Although the patterns of food waste vary
widely across the world, developed countries emerge as the largest
food wasters, particularly at consumer levels. On a per capita basis,
a study by Gustavsson et al. (2011) estimates the food waste in
Europe and North America at 95–115 kg annually, sharply higher
than estimates in Sub-Saharan Africa or South/Southeast Asia of
6–11 kg annually. Focusing on the European Union, this ﬁgure totals
76 kg per person per year, which represents approximately 45% of
the total food waste in the entire supply chain, excluding agricultural production (Monier et al., 2010). In view of this situation, the
European Commission has established the target of reducing food
waste by one-half by 2020 throughout the European Union (EU).
Accordingly, national campaigns against food waste have been
launched and governments have supported research to obtain a
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deeper understanding of food waste within their borders (Monier
et al., 2010; Viel and Prigent, 2011). As a result, the majority of
economic reports and studies aim to estimate the amount of food
wasted (Göbel et al., 2012; Hanssen and Møller, 2013), whereas
fewer studies attempt to estimate the monetary value of food waste
(Segrè and Falasconi, 2011; Williams et al., 2011) and, to a much
lesser extent, to monetize its social and environmental costs (ARC,
2012; BCFN, 2012). In those cases, two approaches are primarily
employed to monetize the economic impact of food waste, focusing
on the production cost of the food wasted or on its market prices.
Both methodologies could be extended to estimate the economic
impact on the usefulness of the entire society, including an estimation of the society’s willingness to pay the price that avoids negative
externalities produced by food waste or the opportunity cost of the
resources necessary for producing the food wasted. Thus, reducing food waste is intended as a beneﬁt for supply chain members,
households, and the entire society by translating this reduction into
monetary saving.
However, calculating the economic impact of food waste reduction involves more than just a one-to-one translation in savings;
instead, this calculation should take into account the interactions
between actors and sectors in the food system and in the entire
economy (Rutten, 2013). In this vein, the Computable General
Equilibrium (CGE) framework becomes a powerful tool for assessing the economic impact of food waste reduction, encompassing
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Structure of an AgroSAM: Spain − 2007. Millions of euros.
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the demand and supply interactions, the intersectoral linkages,
the substitution effects and the role of price mechanisms therein.
Despite these advantages, few attempts have been made using nonlinear CGE models. A partial CGE model is developed by Irfanoglu
et al. (2014) to evaluate the impacts of reducing food loss and waste
on social, environmental and trade dimensions without empirical results. A regionalized CGE model for Finland is performed by
Britz et al. (2014), in which the economic impact of food waste
is assessed by means of a trade-off between raw or processed food
inputs and production factors at farm, food industry and household
levels to inform policy design. Finally, a multi-region CGE model
(called MAGNET) is employed by Rutten et al. (2013) to simulate
the EU-2020 target of halving waste in food demanded at household
and supply chain members across the European Union, offering a
comparable set of economic indicators and their impact on third
countries (Rutten et al., 2013). The MAGNET model has also been
employed to assess the economic impact of reducing food loss along
the different stages of the agriculture supply chain in Ghana (Rutten
and Verma, 2014) and in the Middle East and North Africa (Rutten
and Kavallari, 2013).
In the vein of the CGE framework, we employ a linear CGE model
to address the economic impact of reducing avoidable food waste
on a sample of EU countries with different economic structures
(Spain, Poland and Germany), particularly their agri-food sectors.
The impact analysis is addressed under ﬁve different scenarios to
gain a better understanding of waste food reduction along the different levels of the supply chain and also at consumer levels. A
multiplier model is developed using a social accounting matrix
(SAM) with highly disaggregated agricultural and food industry
accounts (AgroSAMs) for the corresponding country member. Each
AgroSAM is based on a SAM, which depicts the complete set of
relationships among agents in that economy, enlarged with much
more detailed information about raw agricultural products and
processed food commodities than the database employed in the
aforementioned studies.
After this introduction, the AgroSAM database and the
SAM-based multiplier models are described to gain a better
understanding of the empirical application. Then, the results are
presented in terms of gross domestic product (GDP), production
and employment, considering both the entire economic setting and
the disaggregation by agri-food accounts. The ﬁnal section provides
the main conclusions.

2. Materials and methods
2.1. Social accounting matrices and the AgroSAM database
SAMs are transparent and efﬁcient devices that reﬂect the circular income ﬂow of an economy over a period of time by means of a
square ﬂow matrix (Stone, 1962). In addition to the inter-industry
transactions speciﬁc to input-output tables, SAMs include balanced
accounts for factors, institutions such as producers, consumers,
government and foreign sectors, and other auxiliary accounts, closing the cycle of the income distribution and spending. In this
structure, each row and the corresponding column form an account,
which summarizes all the information on the aforementioned economic agents. Rows show the sources of their income and columns
indicate how these revenues are allocated as expenditures. All
the values in the cells are monetary ﬂows; thereby, each nonzero
value of a cell reﬂects a transaction between accounts. Given that
total income equals the total expenditures for every account, the
information in a SAM can be interpreted, in some cases, through
zero-beneﬁt conditions, budget constraints, and market clearing
equations. Thus, SAMs are crucial databases for quantitative models (e.g., SAM linear models and/or computable general equilibrium
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models) and useful tools to evaluate policy interventions in national
or regional frameworks (Roland-Holst, 1990).
This paper uses AgroSAMs, or SAMs with detailed agricultural
and food manufacturing information. The AgroSAM database has
been constructed based on the national supply and use tables
(SUTs) of member states provided by Eurostat (Müller et al., 2009).
The corresponding agricultural accounts were disaggregated based
on the database from the common agricultural policy regionalised
impact (CAPRI) analysis modelling system (Britz and Witzke, 2012),
a partial equilibrium agro-economic simulation model. The results
include SAMs for each member state covering agricultural and
non-agricultural activities and commodities, more detailed than
previously existing databases employed for agricultural CGE modelling, such as the Global Trade Analysis Project (GTAP) database.
For comparison, the GTAP dataset, which is employed within the
MAGNET model, has twelve raw agricultural products and eight
processed food commodities. AgroSAM distinguishes eighty-seven
activities and ninety-six commodities, of which twenty correspond
to primary agriculture, twenty-one to the primary sector, ten to the
food industry, twenty-nine to the manufacturing industry, one to
construction and twenty-ﬁve to commodities of the service sector.
In addition, the AgroSAMs contain two production factors (capital and labour), trade and transportation margins, eleven types
of taxes and ﬁve accounts for institutions (a single representative
household, corporation, central government, investments-savings
account and the rest of the world). This structure has been tailored to the scope of the study with greater emphasis on those
accounts that will be analysed, as shown in the Spanish example in
Table 1. The original AgroSAMs are for the year 2000 (Müller et al.,
2009), whereas the ones employed in this work are updated to 2007
(Philippidis et al., 2014). From the complete database, AgroSAMs
for Spain, Poland and Germany were chosen to analyse and compare the economic impact of reducing food waste on these member
states, which are representative of different economic structures.
2.2. Linear CGE models
In this work, a linear CGE model is developed using the multiplier theory initiated by Stone (1962) and Pyatt and Round (1979),
which was further developed in studies such as Defourney and
Thorbecke (1984). These methods are based on information from
the inverse matrices derived from the models of Leontief (1941)
and Ghosh (1958) applied to the SAM, based on the ability of an
expanding sector to increase demand or costs, respectively. In multisectorial family models, other options include non-linear CGE or
dynamic CGE models. In our case, we have chosen a static linear CGE
because our focus is to capture the impact in the short run without the possibility of technical change. A further approach could be
developed in future research.
Following Cardenete et al. (2012), we begin with a brief explanation of these models as an extension of the Leontief model: a
square nx n matrix is considered, where each row and each column
represent an economic account (productive sectors, consumers,
government, capital, etc.) that satisﬁes the accounting equations of
the economy (total income equals total expenditure). Each Yij component of the matrix represents the bilateral ﬂow between account
i and account j. Each row of the SAM reﬂects the total income that
row i receives from column j; each column shows the total income
of column j and how it is distributed among the different i rows.
The average expenditure coefﬁcients: aij = Yij /Yj , i, j = 1. . . n, show
the payments made to account i for every income unit of j. From
this deﬁnition it is possible to obtain:
Yi =

n



Yij ⁄Y

j

j=1



· Yj =

m


j=1

m+k
 


aij Yj +

j=1



aij Yj n = m + k

(1)

Indices m and k represent the division of the SAM accounts into
endogenous and exogenous accounts, which leads to the division
of the nx n matrix into the following four submatrices: Amm , Amk ,
Akm , and Akk . Ym and Yk respectively denote the total income of
the endogenous and exogenous accounts. Therefore, it is possible
to work out the value of Ym from Ym = Amm Ym + Amk Yk , and then,
following the same procedure as with the Leontief equation, calculate the extended multipliers matrix from Ym = (I- Amm )−1 Z, where
Z is the vector of exogenous accounts, representing the submatrix
Amk, or how the income ﬂows from the exogenous accounts are
distributed among the endogenous accounts. (Amk Yk ) and M = (IAmm )−1 comprise the extended multipliers matrix in the SAM. These
multipliers can be interpreted as the input requirements by the
unit increases of expenditure or income (depending on whether
columns or rows are considered) in an account, as in the so-called
inverse Leontief matrix, with the difference that this matrix reﬂects
as the relation between production, the factors’ income, income
distribution and ﬁnal demand. Notably, the selection of m (i.e.,
the decision regarding which accounts are endogenous) usually
depends on the type of analysis undertaken, which determines
which accounts (exogenous) are the ones explaining the variation
of the income in other accounts (endogenous). If changes in the vector of exogenous accounts are denoted as dZ, changes in the income
of the endogenous accounts will be expressed as:
dYm = MdZ = Md (Amk Yk ) = MAmk dYk
ith

(2)

column in M indicates the total income generated in each
The
of the endogenous accounts when a unit of income ﬂows from the
exogenous institutions towards endogenous account i.
The aforementioned model is employed to assess the economic
impact of reducing avoidable food waste on a sample of European member states, such as Germany, Spain and Poland. Towards
this goal, an exogenous vector Z is deﬁned for each agent along
the supply chain and at household level, encompassing the corresponding demand of agri-food commodities. A new vector Z’
is obtained by subtracting the injection of income resulting from
monetizing the avoidable portion of food waste, that is, the food
that is thrown away that was edible at some point prior to disposal (Monier et al., 2010) by each agent along the supply chain
and at the household level in each member state selected. The
breakdown among different agents responsible for food waste, as
determined by Monier et al. (2010), does not include the agricultural activities but represents the only current reference in
regard to statements regarding the extent of food waste in the
EU-27 (Bräutigam et al., 2014). According to this study, the wholesale/retail sector (WRS), the production sector that distributes and
sells food products to individuals and organizations, generates the
smallest proportion of food waste, only 5%. This sector is followed
by the food service/catering sector (FCS), the production sector that
prepares ready-to-eat food for sale to individuals and communities; including catering and restaurant activities in the hospitality
industry, schools, hospitals and businesses, which accounts for 14%
of the waste. The bulk of food waste is generated by the following
two sectors: the manufacturing sector (MFS), the production sector that processes and prepares food products for distribution, with
39% of the waste, and households (HH), the consumer sector, with
42% of the waste. The value of the avoidable food waste has been
established by applying the corresponding percentage from Monier
et al. (2010) to the food purchases made by each sector. Concretely,
6.3% of the food purchases made by the WRS and the FCS could be
avoidable, whereas this ﬁgure increases to 15% at the HH level. In
the FCS, 4% to 10% of food purchases are estimated to become waste
before reaching customers and is 90% avoidable. However, because
no data are available from the WRS, the avoidable portion of food
waste for those productive sectors has been calculated by multiplying the midpoint (7%) by the avoidable portion of waste, resulting
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Fig. 1. Impact of reducing avoidable food waste in each Scenario [1–4].
Source: Authors’ elaboration.

in the 6.3% of the food purchases. In the MFS, food waste is largely
unavoidable, and therefore, this sector has not been considered in
the simulation described below. Finally, at the HH level, food waste
represents 25% of food purchased (by weight), of which 60% could
be avoidable; therefore, the percentage of avoidable waste has been
established as 15%.
Considering the previous information, ﬁve different scenarios
have been established to assess the economic impact of reducing
avoidable food waste on the member states selected (Germany,
Poland and Spain):
1- Scenario 1: Reduction of the avoidable food waste generated
by WRS, FCS and HH in terms of total output, GDP and employment.
- Scenarios 2 and 3: Reduction of the avoidable food waste
in WRS and FCS, respectively, in terms of total output, GDP and
employment.
- Scenario 4: Reduction of the avoidable portion of food that is
discarded by households in terms of total output, GDP and employment.
- Scenario 5: Reduction of avoidable food waste in agri-food
accounts in terms of total output. The agri-food accounts are SAM
accounts representing the value of the commodities from agricultural activities and the food manufacturing industry.
3. Results
3.1. Results by member state
The following ﬁgures show the main results obtained for each of
the scenarios described, where “shock” is the total amount included
within the Z’ vector, which is the monetary value of the avoidable
portion of food waste, calculated by applying the aforementioned

percentage to the demand of agri-food sector commodities, made
by the corresponding agents under each scenario. The economic
impact derived from this negative shock is given in absolute terms
and in a percentage of change over the baseline data encompassed
in the corresponding AgroSAM. Fig. 1 depicts the results of reducing
avoidable food waste by all the agents (Scenario 1). The Polish economy exhibits the smallest shock (D 6868 M), whereas this shock
is nearly double in the Spanish economy (D 12,742 M) and more
than four times higher in the German economy (D 29,968 M), as
shown at the bottom of Fig. 1. However, in relative terms, countries show a reverse order and the differences among them are not
as pronounced, as shown in Fig. 1. Thus, the effects on the German economy are the smallest, with a change in production and
GDP of −1.42% and −1.21%, respectively. The impact on the Spanish economy is slightly higher, with ﬁgures of −1.57% and −1.49%,
and greater on the Polish economy, with a reduction of −2.32% in
production and −2.15% in GDP. Employment does not follow the
previous pattern: Spain and Poland exhibit lower and quite similar
ﬁgures in terms of labour shedding compared with Germany, which
nearly doubles the job lost due to a reduction in the production of
the commodities demanded by WRS, FCS and HH.
Fig. 1 also shows the shock caused by avoiding food waste within
WRS, FCS and HH (Scenarios 2, 3 and 4). For both sectors in Scenarios 2 and 3, the portion of avoidable food waste established was
the same (6.3% of food purchases); however, the monetary size of
the shock is quite different for each sector. For example, the shock
is much smaller within WRS than within FCS. In the case of WRS
(Scenario 2), Germany exhibits the smallest shock (D 73 M), and
thus the impact in terms of production and GDP is barely −0.02%,
whereas the reduction in labour reaches 6400. These ﬁgures are
slightly higher for the Spanish economy, where the shock amounts
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Fig. 2. Scenario 5: Impact of reducing avoidable food waste on total production (% Variation).
Source: Authors’ elaboration.

to D 108 M; therefore, production and GDP decrease −0.07% and
labour falls 11,378. The Polish economy is the most signiﬁcantly
affected by reducing the food waste within the WRS; the shock is
D 246 M, more than three times the size of the shock in Germany.
The impact is also much higher in Poland compared to the German
economy. Production and GDP decrease −0.33% and labour falls
36,580, ﬁfteen and six times the Germany ﬁgures, respectively.
As shown in Scenario 3, the size of the shock linked to reducing food waste by German and Spanish FCS is much greater than in
the corresponding WRS. For those countries, the monetary value of
the avoidable food waste is more than one thousand million euros.
Although the shock in the German economy is greater in absolute
terms (D 1602 M) compared to the Spanish economy (D 1165 M),
the effects on production and GDP are higher for the latter economy.
The same does not apply for labour, however. Labour decreases
75,989 in Germany compared to 54,616 in Spain. Notably, the
smallest shock occurs in Poland, approximately nine times less than
in Germany, and generates a similar impact in terms of production
and GDP, although the impact is much less severe on the labour
force, with a reduction of 29,915.
The fourth scenario reﬂects the impact of reducing the avoidable
food waste generated by HH. As noted by Monier et al. [2010], HH
are responsible for the largest portion of waste, as shown in Scenario 4. Germany exhibits the largest shock (D 28,293 M), followed
by Spain (D 11,468 M) and Poland (D 6434 M). However, the effects
in terms of production and GDP are quite similar for the ﬁrst two
countries (between −1.3% and −1.5%), whereas they are slightly
higher for the Polish economy (approximately −2.5%). Turning to
labour, the pattern again differs, that is, Germany exhibits the
largest reduction in employment, followed at some distance by
Poland and to a lesser extent by Spain.
Finally, Fig. 2 shows the impact of reducing avoidable food waste
by all the agents in each agri-food account in terms of production since policies aiming to reduce food waste are likely to be
among the important drivers of changes in the agri-food sector.
Focusing on the greatest impact on each country, similar patterns
can be detected. For example, the most affected sectors are those
producing cereals and meat. However, there are also differences

among countries highly related to the most consumed product of
the national diet; therefore, sectors producing milk and potatoes
would have to be added to the list in the case of Germany; sectors
related to fresh vegetables, processed sugar and oil plant production in the case of Spain; and processed sugar industry in the case
of Poland.
The aforementioned negative impacts should be understood as
the monetary savings resulting from the reduction of food waste.
The amount of the shocks mean the amount of money that each
agent of the food chain is saving due to unnecessary purchases
valued in monetary terms. This means a direct saving, which just
involves a one-to-one translation. In addition, the impact on production or GDP indicates the monetary value of economic resources
saved, such as intermediate inputs, land, labour or capital factors
needed to produce this food. This second element encompasses
both an indirect saving, which is generated by avoiding the purchases within the productive sectors, and an induced saving by
avoiding the payments to the factors owned by households and the
subsequent purchases, sizing the effects generated by the existing
relationships within each economic system or member state. All
these saved resources are free to be employed in the production of
other goods and services, restarting economic activity and creating
employment, with the expansionary effects on the corresponding
economy based on the circular ﬂow of income.
Other important negative externalities linked to food waste are
avoided by freeing up resources, such as the consumption of energy,
fossil fuels and water employed along the food chain, and their environmental impact measured by greenhouse gas (GHG) emissions
and footprints (Cuéllar and Webber, 2010; Thyberg and Tonjes,
2016). In the same way, the reduction of food waste also reduces the
cost of waste disposal and treatment and the corresponding GHG
emissions (de Lange and Nahman, 2015; Zhao and Deng, 2014). Furthermore, reducing food waste can enhance global food security,
ameliorating the competition between food and bioenergy sectors over valuable resources or preventing an increase in prices
that reduces the income of small farmers and the food access of
low-income households (Shaﬁee-Jood and Cai, 2016). In sum, the
impacts simulated above estimate the value and relative size of
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Fig. 3. Sensitivity analysis for WRS, FCS and HH: changing the edible percentage of food waste.
Source: Authors’ elaboration.
Table 2
Comparison of sensitivity parameters.
Germany

Avoidance (%)
Edibility (%)
Waste (%)

Spain

Poland

WRS

FCS

HH

WRS

FCS

HH

WRS

FCS

HH

−6.3%
−7.0%
−4.8%

−6.3%
−5.4%
−14.5%

−15.0%
−19.2%
−14.6%

−6.3%
−7.0%
−4.3%

−6.3%
−5.4%
−11.0%

−15.0%
−19.2%
−14.9%

−6.3%
−7.0%
−3.8%

−6.3%
−5.4%
−10.1%

−15.0%
−19.2%
−12.5%

misused or wasted economic resources within each member state,
with relevant consequences for climate change and food security.
Therefore, reducing food waste can lead to a better balance between
economic development and social and environmental sustainability within each country and also globally.
3.2. Data uncertainty and sensitivity analysis
The previous analysis is based on the estimates of food waste
made by Monier et al. (2010). A comparison with the estimates from
Bräutigam et al. (2014) reveals that data on food waste generation
across EU-27 in 2006 vary signiﬁcantly, depending on the sources
employed and the assumptions made. In the case of Monier et al.
(2010), the estimates of food waste along the food chain are based
on highly uncertain data because of the mixture of sources used,
including EUROSTAT data, national surveys and extrapolations for
those countries lacking their own empirical evidence. Data from
EUROSTAT have several limitations due to the lack of clear deﬁnition, the fact that each member state can choose the method of
data collection, and the existence of missing data for some sectors
in certain member states. Although the national studies were used
to ameliorate these limitations, the availability of national sources
varies signiﬁcantly for the different agents in the food chain and the

use of different methodologies and deﬁnitions limits the comparability of the results. Meanwhile, the study of Bräutigam et al. (2014)
calculates food waste data for EU-27 through the methodology of
Gustavsson et al. (2013), which uses a mass ﬂow model and data
food production and utilization from the FAO’s food balance sheets.
The model allows an estimate of food losses along all the stages of
the food chain for different world regions and by groups of products. This method has the advantage of avoiding the use of data
from different sources. However, the waste percentages for products at different stages of the food chain are based on a review of
the empirical evidence, ﬁlling the gaps with assumptions and estimations based on comparable regions. For Europe, the waste rates
for each food group were representative ﬁgures, and this extrapolation blurs the differences in behaviour and technologies among
member states (Bräutigam et al., 2014).
None of these methodologies allows for the separate quantiﬁcation of the amount of edible and inedible food waste (Beretta
et al., 2013). Edible food waste includes both avoidable waste and
possibly avoidable waste, the latter referring to food and drink
that certain people eat but that others do not. The methodology
proposed by Gustavsson et al. (2013) applies conversion factors
to determine the edible mass of food based on different sources
according to the food group. Meanwhile, in the study by Monier
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Fig. 4. Sensitivity analysis for WRS, FCS and HH: applying the waste percentages.
Source: Authors’ elaboration.

et al., 2010, edible food waste is calculated by extrapolating the
percentage estimated for the UK by WRAP (2009); this estimation
appeared to be the most robust for the EU. In both cases, the extrapolation of data introduces uncertainty into the results and allows
for a sensitivity analysis. In this analysis, we compare the economic
impact of reducing edible food by the three agents.
In the case of the WRS, the economic impact has been recalculated by changing the percentage of avoidable waste by the
percentage of edible waste up to 100% according to the update by
WRAP (2016), as shown in Fig. 3. These new results are now comparable with those obtained by applying the waste percentage for
each food group at the distribution stage, listed in Bräutigam et al.
(2014). These percentages are applied to the purchases by WRS
recorded in the corresponding AgroSAM to determine the value
of the edible food waste and thus obtaining a new Z’ vector for
calculating the economic impact in each member state, shown in
Fig. 4.
In the same vein, the sensitivity analysis has been performed
for the FCS and HH jointly; the data from Bräutigam et al. (2014)
are presented in this way. The results are compared with those
obtained and again the percentage of edible food waste is changed
to 77%, according to the last update by WRAP (2016), as shown
in Figs. 3 and 4. Although there is other empirical evidence for
FCS that enlarge this percentage, such as Betz et al. (2015), WRAP
percentages has been applied to avoid methodological differences.
An overall assessment of the results of the sensitivity analysis
indicates the relevance of the parameters employed to quantify
the edible amount of food waste, all the parameters were applied
to the same databases. The results derived by changing the edibility parameter are as expected, that is, the shock increases in
the case of WRS and HH and decreases for the FCS, and therefore,
the impacts on production GDP and employment are proportional.

When the waste percentages are applied to the AgroSAMs monetary ﬂows, the shocks exhibits different behaviours. In the case of
the WRS and HH, the shocks are lower compared with the shocks
obtained by applying the only parameter associated with the avoidable or edible quantiﬁcation, whereas the shock in the FCS is higher
than the previous ones. This ﬁnding is explained by the size of the
weighted average of waste percentage compared with the avoidance or edibility parameters, which are lower/greater, respectively,
as shown in Table 2. Notably, the different ﬁgures among both
stages of the food chain and member states could be explain by
the dietary patterns of the countries, purchases are accounted for
in each AgroSAM, rather than in wastage patterns.
Source: Authors’ elaboration.
Both methodologies have drawbacks, primarily because food
waste data are not gathered systematically and assumption and
extrapolations should be made. To overcome this challenge, the
FP-7 project FUSIONS aims to improve the collection of data by
establishing a common framework for food waste deﬁnition within
the EU and harmonizing quantiﬁcation methods for increasing the
reliability of food waste data. Although the last data from FUSIONS
are not comparable with the previous studies given the differences
in deﬁnitions and methodologies, the estimates are within the same
range and indicate that HH are wasting the most food (FUSIONS,
2016). The estimates by FUSIONS also present a “moderately high”
uncertainty because of the low number of recent studies using the
standards of quality established by the FUSIONS framework and the
scaling up process to the entire EU-28 (FUSIONS, 2016).
4. Conclusions
The linear CGE model employed in this work allows us to assess
the economic impact of reducing avoidable food waste arising from
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different agents, in terms of production, GDP and employment,
rather than in input or output saving terms, as made by the majority of previous studies dealing with the economic impact of food
wasted. The results indicate that the economic structure of the
country wherein reduction could be implemented determines the
impact of the measures. Thus, equal food waste reduction by the
wholesale/retail sector or the food services/catering sector have a
similar impact in Poland, however, that is not the case in Germany
or Spain. The same results are obtained when the reduction is aimed
at the household level; at this level, differences in economic structures and in terms of the most demanded agri-food products could
explain these results. In addition, a sensitivity analysis has been
performed based on the uncertainty of the parameters concerning
food waste. The results of the analysis highlight the need for further
research on food waste at the national level.
Notably, the AgroSAM database employed in this work provides
a threefold advantage compared with the GTAP database used with
other CGE models. First, SAMs clearly reﬂect the linkages among
sectors in the productive structure of each member state and their
relation within the ﬁnal demand, capturing the impact of reducing decision by the demand side on the entire economy. Second,
the database provides availability to highly disaggregated agri-food
accounts, offering a deeper insight in the most affected production
activities. Third, the database allows researchers to compare the
results of each course of action for the sample of member states
chosen. The latter two points allow better policy design aimed
at reducing food waste because global measures can be tailored
according to the characteristics of the economy for which such
measures are intended.
Finally, this method could be replicated for any country meeting
the following two essential requirements: the ability to study the
country’s AgroSAM and the existence of data on the country’s food
waste. In the case of the European Union, information exists on
food waste and the matrices for each member state. Therefore, a
possible future line of research could be to replicate this study for
different groups of European Union countries.
References
ARC, 2012. More Responsible Food Consumption. Proposals to Prevent and Avoid
Food Wastage. Agencia de Residus de Catalunya (ARC).
BCFN, 2012. Food Waste: Causes, Impacts and Proposals. Barilla Center for Food
and Nutrition.
Beretta, C., Stoessel, F., Baier, U., Hellweg, S., 2013. Quantifying food losses and the
potential for reduction in Switzerland. Waste Manage. 33 (3), 764–773.
Betz, A., Buchli, J., Göbel, C., Müller, C., 2015. Food waste in the Swiss food service
industry—magnitude and potential for reduction. Waste Manage. 35, 218–226.
Bräutigam, K., Jörissen, K., Priefer, C., 2014. The extent of food waste generation
across EU-27: Different calculation methods and the reliability of their results.
Waste Manage. Res. 32 (8), 683–694.
Britz, W., Witzke, H.-P., 2012. CAPRI Model Documentation 2012, Available at
http://www.capri-model.org/docs/capri documentation.pdf.
Britz, W., Dudu, H., Ferrari, E., 2014. Economy-wide impacts of food waste
reduction: a general equilibrium approach. In: EAAE 2014 Congress, Slovenia.
Cardenete, M.A., Fuentes, P., Polo, C., 2012. Linear general equilibrium model of
energy demand and CO2 emissions generated by the andalusian productive
system. Am. J. Econ. Bus. Admin. 4 (4), 216–226.
Cuéllar, A.D., Webber, M.E., 2010. Wasted food, wasted energy: the embedded
energy in food waste in the United States. Environ. Sci. Technol. 44 (16),
6464–6469.
Defourney, J., Thorbecke, E., 1984. Structural path analysis and multiplier
decomposition within a social accounting matrix framework. Econ. J. 94,
111–136.

209

de Lange, W., Nahman, A., 2015. Costs of food waste in South Africa: incorporating
inedible food waste. Waste Manage. 40, 167–172.
FUSIONS, 2016. Estimates of European Food Waste Levels, Available at: http://
www.eu-fusions.org/phocadownload/Publications/
Estimates%20of%20European%20food%20waste%20levels.pdf.
Göbel, C., Teitscheid, P., Ritter, G., et al., 2012. Reduction of Food Waste
–identiﬁcation of Causes and Options for Action in North Rhine-Westphalia.
Study for the Roundtable New Appreciation of Food of the Ministry for Climate
Protection. Environment, Agriculture, Nature Conservation and Consumer
Protection of the German State of North Rhine-Westphalia.
Ghosh, A., 1958. Input-output approach in allocation system. Economica 25, 58–64.
Gustavsson, J., Cederberg, C., Sonesson, U., 2011. Global Food Losses and Food
Waste: Extent, Causes and Prevention. Food and Agriculture Organization of
the United Nations (FAO), Rome.
Gustavsson, J., Cederberg, C., Sonesson, U., Emanuelsson, A., 2013. Themethodology
of the FAO study: “Global Food Losses and Food Waste – extent, causes and
prevention” – FAO, 2011. SIK – The Swedish Institute for Food and
Biotechnology.
Hanssen, O.J., Møller, H., 2013. Food Wastage in Norway 2013. Status and Trends
2009-13. Report from the ForMat Project.
Irfanoglu, Z.B., Baldos, U.L., Hertel, T., van der Mensbrugghe, D., 2014. ‘Impacts of
reducing global food loss and waste on food security, trade, GHG emissions
and land use’. In: Presented at the 17th Annual Conference on Global Economic
Analysis, GTAP, Dakar Senegal.
Leontief, W., 1941. The Structure of American Economy, 1919–1924: an Empiriocal
Application of Equilibrium Analysis. Harvard Univ Press, Cam-bridge, Mass.
Müller, M., Perez-Dominguez, I., Gay, S.H., 2009. Construction of social accounting
matrices for EU27 with a disaggregated agricultural sectors (AgroSAM). In: JRC
Scientiﬁc and Technical Reports JRC 53558.
Monier, V., Mudgal, S., Escalon, V., O’Connor, C., Gibon, T., Anderson, G., Montoux,
H., 2010. Final Report −Preparatory Study on Food Waste Across EU 27;
European Commission [DG ENV −Directorate C]. BIO Intelligence Service, Paris.
Philippidis, G., Sanjuán, A., Ferrari, E., M’barek, R., 2014. Structural patterns of the
bioeconomy in the EU Member States −a SAM approach. In: JRC Scientiﬁc and
Technical Reports, No. 26773 Seville. European Commission.
Pyatt, G., Round, J.I., 1979. Accounting and ﬁxed price multipliers in a Social
Accounting Matrix framework. Econ. J. 89 (356), 850–873.
Roland-Holst, D.W., 1990. Interindustry analysis with social accounting methods.
Econ. Syst. Res. 2 (2), 125–145.
Rutten, M.M., Kavallari, A., 2013. Can reductions in agricultural food losses avoid
some of the trade-offs involved when safeguarding domestic food security? A
case study of the Middle East and North Africa. In: 16th Annual Conference on
Global Economic Analysis, GTAP, Shanghai, China.
Rutten, M.M., Verma, A., 2014. The Impacts of Reducing Food Loss in Ghana LEI
Report 2014-035. The Hague, Wageningen UR.
Rutten, M.M., Nowicki, P.L., Bogaardt, M.J., Aramyan, L.H., 2013. Reducing food
waste by households and in retail in the EU. In: A Prioritisation Using
Economic, Land Use and Food Security Impacts LEI Report 2013-035. The
Hague, Wageningen UR.
Rutten, M.M., 2013. Final report − food wastage footprint. full-cost accounting.
Food Agric. Org. United Nations.
Segrè, A., Falasconi, L., 2011. The Black Book of Waste in Italy: Food. Ed. Ambiente,
Milan.
Shaﬁee-Jood, M., Cai, X., 2016. Reducing food loss and waste to enhance food
security and environmental sustainability. Environ. Sci. Technol. 50 (16),
8432–8443.
Stone, R., 1962. A Social Accounting Matrix for 1960: A Programme for Growth.
Chapman and Hall Ltd., London.
Thyberg, K.L., Tonjes, D.J., 2016. Drivers of food waste and their implications for
sustainable policy development. Resour. Conserv. Recycl. 106, 110–123.
Viel, D., Prigent, P., 2011. Food Waste Study Mid-Term Report. Ministry of
Economy, Finances and Employment and Ministry of Ecology, Sustainable
Development, Transport and Housing, Paris.
WRAP, 2009. Household Food and Drink Waste in the UK Final Report., Available
at: http://www.wrap.org.uk/sites/ﬁles/wrap/Household food and drink
waste in the UK - report.pdf.
WRAP, 2016. Estimates of Food Surplus and Waste Arisings in the UK, Available at:
http://www.wrap.org.uk/sites/ﬁles/wrap/
UK%20Estimates%20May%2016%20%28FINAL%20V2%29.pdf.
Williams, P., Leach, B., Christensen, K., et al., 2011. The Composition of Waste
Disposed of by the UK Hospitality Industry. Waste & Resources Action
Programme (WRAP), Banbury.
Zhao, Y., Deng, W., 2014. Environmental impacts of different food waste resource
technologies and the effects of energy mix. Resour. Conserv. Recycl. 92,
214–221.

