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Summary
The European Union (EU) is currently an important player on the world sugar market by being the third
largest producer and importer of sugar (Szajner et al., 2016). Due to the restriction of the supply quota
regime, the EU is dependent on sugar imports. All EU sugar imports occur within the Tariff-Rate Quota
(TRQ) which is filled by 100%. The EU sugar sector faces increasing sugar demand from the Renewable
Energy Directive and from African and Asian countries, and increasing competition from alternative
sweeteners such as isoglucose. The price of EU sugar is higher and less volatile than the world market
price due to the policy measures of the EU (Szajner et al., 2016). The EU sugar policy consists of a supply
quota regime, a TRQ, a minimum price, a reference price and export regulations (Burrell et al., 2014). The
supply quota abolition in October 2017 is in line with the simplification and greater market orientation of
the EU’s Common Agricultural Policy (CAP) and enables the EU to respond better to the increasing global
demand of sugar (Szajner et al., 2016).
A spatial equilibrium model has been developed to model the effects of quota abolition. The model
includes a supply quota and TRQ in the EU. With the model three scenarios have been simulated:
Scenario 1: Supply quota abolition;
Scenario 2: Supply quota abolition and the introduction of the Renewable Energy Directive;
Scenario 3: Supply quota abolition, the introduction of the Renewable Energy Directive and a 12.5%
increase in sugar demand in the African, Caribbean and Pacific group of states (ACP countries), China and
Thailand.
The first scenario shows that the supply quota abolition results in a strong increase in EU sugar supply and
a small increase in EU sugar demand compared to the present situation. The price of EU sugar decreases
and becomes equal to the world market price plus transport costs. EU sugar imports decrease and the EU
shifts from an importer to an exporter of sugar. This shift mainly harms the sugar exports of Brazil and
Thailand. The quota abolition increases total EU welfare, but creates a large welfare redistribution;
consumers are significantly better off while producers are worse off.
The second scenario shows next to an increase in sugar supply an increase in sugar demand due to the
introduction of the Renewable Energy Directive. In this scenario the EU remains an importer of sugar and
the impact on the world market is therefore limited. The price of EU sugar decreases compared to the
present situation. The consumers gain and the producers lose, but the impact is limited since the
decrease in price of EU sugar is softened by the increasing demand from the Renewable Energy Directive.
In the third scenario, the development of a 12.5% increase in sugar demand in the ACP countries, China
and Thailand increases the world market price of sugar and sugar imports become more expensive. EU
supply and demand both increase compared to the present situation. The EU imports of sugar diminish
and the EU becomes autarkic. The world market price marginally increases due to the increasing demand
from the ACP countries, Thailand and China. The price of EU sugar decreases, but the impact is softened
by the Renewable Energy Directive and the increase in demand from the ACP countries, China and
Thailand. This scenario results in an increase in welfare for both the consumers and producers of sugar.
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Introduction

1.1 Background
The sugar sector of the European Union (EU) is of economic, social and environmental importance to
the EU (Szajner et al., 2016). The sector is of economic importance since sugar beets are the second
most cultivated crop in the EU (102 million tonne), after cereals (317 million tonne) (Eurostat,
2016a). The value of EU sugar production contained 3.94 billion euros in 2013, which comprised 1%
of total agricultural production in the EU (European Union, 2013). Sugar accounts for approximately
90% of the added value of the sugar sector; the other 10% comes from the by-products of sugar
production such as animal feed, energy fuels and mineral fertilizer (Szajner et al., 2016). The sector is
of social importance since it provides employment to around 150 thousand sugar beet growers and
30 thousand workers in the sugar processing industry (CEFS, 2014). The sector is environmentally
important because sugar beets are an important element in crop rotation. Crop rotation has a
beneficial effect on the environment as it maintains the agricultural land in good condition (Szajner
et al., 2016).
The EU sugar market is protected by the Common Agricultural Policy (CAP) since 1968. The sugar
market is one of the most regulated markets in the EU and has been heavily criticized by sugar
exporting countries such as Brazil and Thailand (Elbehri et al., 2008). In 2006, the EU reformed its
sugar market as the World Trade Organization (WTO) found the trade regulations not compliant with
the international trade rules. The EU sugar market will undergo another reform on 1 October 2017,
which mainly consists of a supply quota abolition on sugar. This reform is in line with the greater
market orientation of EU’s agricultural policy and enables the EU to respond better to the increasing
global demand of sugar (Burrell et al., 2014).
This thesis investigates the economic impact of the supply quota abolition on the EU sugar sector by
modelling the EU sugar market in the international sugar market. The economic impact is assessed by
evaluating the change in demand and supply, domestic price, world market price, import, export and
welfare after supply quota abolition. The EU is considered as one region; the impact per member
state is not investigated. The supply quota abolition is modeled in combination with two
developments the EU sector faces: 1) the increasing sugar demand from the Renewable Energy
Directive and 2) the increasing sugar demand from Asian and African countries. These developments
are incorporated in a scenario analysis. The following scenarios are selected:
Scenario 1: Supply quota abolition;
Scenario 2: Supply quota abolition and the introduction of the Renewable Energy Directive;
Scenario 3: Supply quota abolition, the introduction of the Renewable Energy Directive and a 12.5%
increase in sugar demand in the African, Caribbean and Pacific group of states (ACP countries), China
and Thailand.
It is of interest to assess the economic impact of the EU sugar quota abolition in order to gain insight
in the economic prospects of the EU sugar sector. Based on the outcomes of this research, measures
can be taken in the sugar sector. Besides, EU sugar producers can adjust their investment decisions
more accurately to the economic prospects of the sugar sector.
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The economic impact of the supply quota abolition on sugar has already been investigated by Smit et
al. (2011), Nolte et al. (2011) and Burrell et al. (2014). However, these studies assumed a supply
quota abolition in 2015 since the EU sugar quota was initially planned to end in September 2015. At
the end of June 2013, the European Commission decided to extend the supply quota until the end of
September 2017 (Jonkheer & Rexwinkel, 2013). The developments of the last 2 years are therefore
not included in these studies and they discuss the impact of the EU supply quota abolition on the
international market only to a small extent and focus more on member state level. This research
provides new insights by focusing on the EU in relation to the international market, including the
most recent developments of the EU sugar sector and by using more recent data.
1.2 Research objective and questions
The objective of this thesis is to gain insight in the economic prospects of the EU sugar sector by
analyzing the effects of the abolition of the EU sugar quota on the international sugar market. This
objective contains the following research questions:
1.
2.
3.
4.
5.

What is the current situation of the EU sugar sector and what developments does it face?
What is the current EU sugar policy and what developments does it face?
What is theoretically to be expected when the EU supply quota is abolished?
How can the supply quota abolition on sugar be modeled and which data are required?
What is the impact of the supply quota abolition on the economic prospects of the EU sugar
sector?

1.3 Methodology
A literature review is carried out to answer question one and two. This is done by using the search
engine Google Scholar, the database of Wageningen UR and the website of the European
Commission. To answer research question three, the quota abolition is theoretically analyzed using
macro-economic theory to gain insight in the expected results. Scenarios are selected to analyze the
quota abolition in combination with the introduction of Renewable Energy Directive and the
increasing demand from the ACP countries, China and Thailand. To answer research question four, an
empirical model of the EU sugar market in the international sugar market is designed. The database
of FAOSTAT (2016) and FAPRI (2016) and papers of Smit et al. (2011) and Devadoss and Kropf (1996)
are consulted to obtain the data required for the model. To answer question five, the model is
programmed and simulated in GAMS to gain insight in the impact of the sugar quota abolition on the
EU sugar sector. Conclusions on the economic prospects of the EU sugar sector are based on the
outcomes of the model.
1.4 Thesis outline
Chapter 2 discusses the current position of the EU sugar sector and the developments it faces.
Chapter 3 focuses on the EU sugar policy. The theoretical model of the supply quota abolition in
combination with the Renewable Energy Directive and the increasing demand from ACP countries,
China and Thailand are addressed in Chapter 4. Chapter 5 discusses the empirical model which is
used to assess the supply quota abolition and the data required for the model. Chapter 6 presents
the simulation results of the present situation and the selected scenarios. This thesis ends with the
conclusion and discussion of this research (Chapter 7).
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EU sugar sector

This chapter focuses on the EU sugar sector in relation to the international market. Section 2.1
discusses the global sugar balance. Section 2.2 gives insight in the sugar balance of the EU. Section
2.3 discusses the developments the EU sugar sector faces. Section 2.4 analyzes the EU market price
of white sugar in relation to the world market price of white sugar.
2.1 Global sugar balance
Sugar is produced from the raw materials sugar beet and sugar cane. About 80% of world sugar
production is produced from sugar cane and the other 20% is produced from sugar beet (European
Commission, 2016a). In 2015, the world sugar production was 169.9 million tonnes of White Sugar
Equivalent (WSE), as shown in Table 2.1 (Szajner et al., 2016, p.24). WSE is the defined as the white
sugar equivalent of sugar cane, sugar beet, raw and white sugar aggregated. The biggest producers
are Brazil (37.4 million tonnes of WSE), India (26.2 million tonnes of WSE) and the EU (15.9 million
tonnes WSE). The EU produces 50% of the total beet sugar production (European Commission,
2016a). The world sugar consumption is around 167.8 million tonnes of WSE. Global production and
consumption of sugar increase by approximately 2% per year (Szajner et al., 2016).
Table 2.1 World production, consumption and foreign sugar trade of WSE in 2000 and 2015

Items

Unit

2015

Average annual change (%)

169.9
58.3
167.8

2000
(=100)
125.1
138.9
129.3

Production
Imports
Consumption &
disappearance
Exports

Million tonne of WSE
Million tonne of WSE
Million tonne of WSE
Million tonne of WSE

60.1

137.6

2.4

2.1
2.7
2.2

Source: Szajner et al, 2016, p.24

Sugar beet and sugar cane are not much traded since they are highly perishable and have high
transportation costs. However, raw sugar and refined sugar are a highly traded product; about 35%
of the world sugar production is traded. A significant share of this trade takes place under country
preferences or bilateral agreements (Canadian Sugar Institute, n.d.). The European Union, United
States and Japan are known for their intervention in their sugar markets to support internal prices
above the world market price and apply import tariffs to reduce import competition. Furthermore,
the US and the EU allow preferential imports from certain developing and least developed countries.
Most of the world’s sugar exports originate from only a few countries. Brazil is by far the largest
exporter of sugar, with a share of approximately 41% in 2015 (23.7 million tonnes of WSE). Thailand,
the second largest exporter, exported around 12% in 2015 (6.8 million tonnes of WSE) (Szajner et al.,
2016). World’s sugar imports are more dispersed. China, the world largest importer, imported 4.2
million tonnes of WSE in 2015 and Indonesia imported 3.8 million tonnes followed by the European
Union with 3.3 million tonnes. The world sugar market is characterized by large stocks, which consist
of 35-48% of the annual global consumption. Since demand increases steadily, fluctuations in stocks
are mostly caused by fluctuations in production (Szajner et al., 2016).
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2.2 EU sugar balance
The EU production of WSE varied in the period 2010 – 2015 between 13.8 and 19.4 million tonnes
and exceeded the EU supply quota of 13.5 million tonnes of WSE (Table 2.2, Szajner et al., 2016,
p.34). The out-of-quota sugar is not supported by an intervention price and is exported to the world
market.
Table 2.2 EU sugar market balance in the period 2010-2015

Items

2010

2011

2012
2013
2014
in million tonne of WSE
2.4
3.2
2.6

2015

Beginning stocks

1.6

1.2

Production
Imports
Total available

15.9
3.9
21.4

18.0
3.6
22.8

17.3
4.0
23.7

16.6
3.5
23.3

19.4
2.7
24.7

13.8
3.5
21.3

Consumption
Exports
Ending stocks

19.1
1.0
1.2

18.2
2.2
2.4

19.0
1.5
3.2

19.1
1.5
2.6

19.2
1.5
4.0

18.7
1.6
1.0

Total outlets
Self-sufficiency (%)

21.3
83.2

22.8
98.9

23.7
91.1

23.2
86.9

24.7
101.0

21.3
73.8

4.0

Source: Szajner et al., 2016, p.34

In 2014, more than half of the sugar beet production of the EU originated from France (29.5%),
Germany (23.2%), Poland (9.0%), United Kingdom (7.3%) and the Netherlands (4.6%) (Eurostat,
2015). The production is concentrated in these areas due to the 2006 sugar reform, which resulted in
a modernization of EU sugar beet production. The EU moved sugar beet production to more efficient
producing areas by providing temporary restructuring aid to manufactures with the lowest
competitiveness to reduce production. In 2014, the total area of sugar beet cultivation in the EU was
30% lower than before the reform in 2006, while the average sugar yield increased from 7 tonne per
hectare to 11-12 tonne per hectare (Szajner et al., 2016). However, the total EU sugar production
decreased and the EU became not self-sufficient in sugar supply anymore and was dependent on
imports. The self-sufficiency rate in the sugar market was around 74-90% in the years 2010-2015,
except for the year 2014 in which it reached 101% caused by an extraordinary high production of
19.4 million tonnes (Table 2.2, Szajner et al., 2016). The consumption of WSE in the period 2010 2015 was around 19 million tonnes; approximately 70% originated from the food industry and the
other 30% from the households (Szajner et al., 2016). The amount of WSE stocks fluctuated between
1 and 4 million tonnes in this period.
In the period 2010-2015, the share of imports in the EU market supply averaged approximately 20%
(Szajner et al., 2016). Most EU imports originated from the ACP countries and Least Developed
Countries (LDCs). These countries have duty free and quota-free access to the EU for their exports
under the Everything But Arms (EBA) regulation and the Economic Partnership Agreement (EPA) to
promote economic growth in these countries (European Commission, 2016b). In the marketing year
2015/2016, around 60% of EU sugar imports originated from these countries under the EPA/EBA
regulations (Figure 2.1, European Commission, 2016b, p.15). Mauritius, Swaziland and Mozambique
4

were the largest exporters with respectively 18%, 14% and 13% of total EPA/EBA exports. Outside
the EPA/EBA exports, Brazil was the largest exporter to the EU and accounted 11% of total EU sugar
imports (European Commission, 2016b). Brazil has no quota-free and duty free access to the EU, but
can export at a reduced rate of €98 per tonne up to 334,054 tonnes of sugar (Rural Payments
Agency, 2013). Outside this amount, Brazil pays a full tariff rate. The tariffs will be discussed further
in chapter 3.

Figure 2.1 EU sugar main imports origins in marketing year 2015/2016
Source: European Commission, 2016b, p.15

2.3 Developments in the EU sugar sector
The EU sugar sector faces developments which occur within the EU and on global level. Firstly, the EU
faces an increase in sugar demand due to the increasing biofuel production. In 2009, the EU
introduced the Renewable Energy Directive, which establishes an overall policy for the production
and promotion of energy from renewable sources in the EU (European Commission, 2016e). This
directive requires the EU to fulfill at least 20% of its total energy needs with renewables by 2020.
Besides, all countries must ensure that at least 10% of the transport fuels are produced from
renewable sources by 2020. In the report Prospect for the agricultural markets and income in the EU
2010-2020, the European Commission (2010) estimated an increase of 11 billion liters in EU biofuel
production in the period 2010-2020. Approximately 1.75 billion liters is produced from sugar, which
is equals 2.93 million tonnes of sugar. Secondly, the EU faces an increasing demand of sugar on the
world market from (sub Saharan) African and Asian countries (OECD/FAO, 2016). The increasing
demand from these countries is driven by increasing population, rising incomes and urbanization.
Thirdly, the EU sugar sector faces stronger competition from alternative sweeteners, in particular
isoglucose. Isoglucose is the main substitute of sugar and the market share of isoglucose is currently
around 3.5% of the total EU sweetener market (Szajner et al., 2016). Isoglucose production is
restricted by a supply quota regime (0.72 million tonne), but the quota will be abolished on 1
October 2017 along with the sugar quota abolition. It is expected that this will result in an increase in
isoglucose production. However, the main barrier to production growth may be in demand, because
isoglucose can only be used in certain sectors in the food industry and is practically not used in
households, since isoglucose is not suited for direct consumption (Szajner et al., 2016).
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2.4 World market price and EU market price for white sugar
The world market price of sugar is mainly determined by the demand and supply of sugar. Other
factors are the exchange rates, oil prices and the world economic conditions (Szajner et al., 2016).
The increasing use of sugar for the production of biofuels has led to a stronger linkage between
energy prices and the price of sugar. In the last decade, the world price of white sugar was
exceptionally volatile caused by seasonal fluctuations and imbalances in supply and demand (Szajner
et al., 2016). This volatility is visible in Figure 2.2, which shows the world price and EU price of white
sugar in the period 2006-2016 (European Commission, 2016c, p. 4). For most years in the last
decades, world production of sugar exceeded consumption, which resulted in low prices (Canadian
Sugar Institute, n.d.). The biggest uncertainty in world market price was in the period 2009-2011, in
which stocks fell to 35% of global consumption. This may have caused further speculation on
international markets and resulted in a more volatile price (Szajner et al., 2016).
The price of white sugar in the EU is on average higher than the world price, is characterized by a
lower volatility and shows no seasonal fluctuations in contrast to the world market price (Szajner et
al., 2016). These differences can be explained by the price support measurements of the EU sugar
policy, which increase and stabilize the EU price of white sugar.
In 2013 and 2014, the EU faced a drop in the market price for white sugar due to high domestic
production, the increasing competition from ACP countries and increasing supply of sugar substitutes
such as isoglucose (Benešová et al., 2015). Since 2010, the reference price for quota white sugar is
€404.40 per tonne and for quota raw sugar €335.20 per tonne (Burrell et al., 2014). When the
average white sugar price reaches the reference price, a percentage of quota sugar may be
withdrawn from the market and stored, to prevent the EU price falling below this level.

Figure 2.2 EU price of white sugar compared with world price London N°5
Source: European Commission, 2016c, p.3
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3 EU sugar policy
The EU sugar policy is characterized by two major reforms: the 2006 and 2017 reform. Section 3.1
discusses the reason behind the establishment of the EU sugar policy and the 2006 and 2017 reform.
Section 3.2 explains the policy instruments of the EU sugar policy according to Table 3.1 (Burrell et
al., 2014, p. 5 and Szajner et al., 2016, p.42).
3.1 Establishment of the EU sugar policy and the 2006 and 2017 reform
The EU sugar market is regulated since the establishment of the Common Market Organization
(CMO) for sugar in 1968. The objectives of this policy were to guarantee self-sufficiency of sugar in
the EU market, as an element of food security, and price stabilization to ensure a fair income to the
sugar beet sector (Elbehri et al., 2008). To achieve these objectives, a supply quota regime for sugar
beet, an intervention price for white sugar and raw sugar, a minimum price for sugar beet and trade
measures were used (Elbehri et al., 2008). For decades, the sugar market in the EU was one of the
most regulated agri-food markets and was poorly integrated into the global market (Szajner et al.,
2016).
The EU sugar policy marginally changed until the reform of 2006 (Elbehri et al., 2008). The reform
was caused by four factors. Firstly, the EU wanted to become more market orientated by removing
inefficient production. Secondly, according to the WTO the export subsidies of the EU were not
compliant with the international trade rules and therefore enforced the EU, at the request of sugar
exporters Brazil, Thailand and Australia, to abolish the subsidies (WTO, 2010). Thirdly, the EBA
initiative provided opportunities for additional preferential sugar imports. Lastly, the accession of 10
new member states to the EU in 2004 created imbalances in supply and demand (Elbehri et al.,
2008). The 2006 reform resulted in a better integration of the EU sugar market into the world
market.
On 1 October 2017, another reform will be imposed to make agriculture more competitive and to
promote further development in rural areas. The EU adjusted its common organization of the
markets in agricultural products and reformed its sugar policy (European Commission, 2016d). The
reform is in line with the simplification and greater market orientation of EU’s sugar policy (Burrell et
al., 2014). The sugar reform enables the EU to respond better to the increasing global demand of
sugar (Szajner et al., 2016). During the last four decades, the world production of sugar has more
than tripled whereas the EU sugar production only recorded a 25% growth (Benešová et al., 2015). In
Table 3.1 the policy instruments of the EU sugar policy regime in each period are shown.
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Table 3.1 Overview providing the EU sugar policy regulations in the period 1968 – 2005, the period 2006 –
2016 and the period 2017 and onwards

Supply quota regime

Minimum price
Intervention price

1968 – 2005
Supply quota divided in Aand B-quota and allocated
to Member States

A beet: € 46.72 / t
B beet: € 32.42 / t
White sugar: € 631.90 / t
Raw sugar: € 523.70 / t

Reference price

-

Tariff-rate quota:
Preferential import
agreements

LDCs: duty free up to 3.5
million tonne

2006 – 2016
A- and B-quotas merged and
total production quota was
decreased

2017 and onwards
Abolished

Incentives for Member
States to renounce quota in
exchange for temporary
restructuring aid

Isoglucose and inulin
syrup quota regime also
abolished

€ 26.26 / t

Abolished

Continued until end of
2009/2010 (at 80% of
reference price)
Since 2010
White sugar: € 404.4 / t
Raw sugar: € 335.20 / t
Agreements extended

-

Abolished

Agreements extended

ACP and India:
duty free up to 1.3 million
tonnes
Balkan countries: duty free
up to 0.38 million tonnes

Tariff-rate quota:
Import tariffs Most
Favored Nations
Export regulations

CXL tariff: a reduced duty of
EUR 98 per tonne up to
0.68 million tonnes.
White sugar: € 419/ t
Tariff rates maintained
Raw sugar: € 339/ t

Export refunds for B quota
sugar. 2002/03 export
refunds of € 485 / t

Subsidized exports ≤ 1.374
million tonnes of sugar

Tariff rates maintained

Subsidized exports of
1.374 million tonnes
white
sugar no longer in place,
no export
refunds

Sources: Burrell et al., 2014, p. 5 and Szajner et al., 2016, p.42
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3.2 Policy instruments of the EU sugar policy
Supply quota regime
Since the establishment of the EU sugar policy regime, the production of EU sugar beet is limited by a
supply quota. Until 2006, the supply quota was divided into two types: A- and B-quota sugar. A-quota
sugar was supplied at the internal market, while B-quota sugar was exported with export refunds
(Szajner et al., 2016). Both types were protected by a minimum price above the world market price.
The production quotas of sugar were fixed and distributed amongst the member states (European
Commission, 2004). Member states were free to produce more, but production outside the quota
(denoted as C-sugar) had to be sold outside the EU and did not benefit from this minimum price.
Additionally, quotas were set for isoglucose (0.5 million tonnes) and inulin syrup (0.3 million tonnes)
(European Commission, 2004).
The 2006 reform restructured the sugar sector. As a result, production quotas A and B were
combined into one amount and the total production quota was decreased. In 2015 and 2016
production quota amounted to approximately 13.5 million tonnes, against 17.4 million tonnes in
2005 (Szajner, 2016). On 1 October 2017, the supply quota will be abolished.
Minimum price, intervention price and reference price
The EU imposed a minimum price for sugar beet and an intervention price for white sugar and raw
sugar. The minimum price for sugar beet is the lowest price at which sugar manufacturers are
required to buy sugar beet from cultivators. The level is based on the processing margin, the yield of
sugar from beets and the revenue from molasses sales (Elbehri et al., 2008). The minimum buying
price of sugar beet was reduced in 2006 to €26.26 per tonne (Table 3.1). Direct payments decoupled
from production partially compensated the lower income of cultivators (Szajner et al., 2016). The
minimum price will be abolished in the 2017 reform.
The EU also imposed an intervention price on white sugar (set at €631.90 per tonne). Figure 3.1
(Elbehri et al., 2008, p. 14) shows the price support system for white sugar. The goal was to create a
price band between €670 and €750 per tonne in which domestic market prices fluctuated by
imposing import controls, subsidizing exports, quotas and price support. In practice, the intervention
price was rarely used (Burrell et al., 2014). In 2010, the EU replaced the intervention price by a
reference price (set at €404.40 per tonne for white sugar). When the sugar price approaches the
reference price, a percentage of quota sugar will be withdrawn from the market to prevent the EU
price falling below this level (Burrell et al., 2014). The reference price will be abolished in the 2017
reform.
Full duty import price:
€ 750 euro per tonne
Sugar market price band
€ 670 per tonne
Fixed import tariff:
€ 419 euro tonne

Intervention
sugar price: €
631.90 per
tonne
World market price

Figure 3.1 EU intervention price support system of white sugar until 2010
Source: Elbehri et al., 2008, p.14
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Tariff-rate quota and export regulations
EU sugar imports are controlled by a tariff-rate quota (TRQ) since the establishment of the EU sugar
policy. A TRQ sets a certain amount of sugar that can enter the region from abroad at a reduced or
zero duty. This is denoted as preferential import agreements. The EU grants duty free and quota free
exports to ACP and LDC countries as part of the EBA/EPA agreements. Duty free but quota restricted
sugar exports are granted to Balkan countries and countries which made an agreement under the
Free Trade Agreement. The Free Trade Agreement mainly consists of Latin American countries such
as Peru and Colombia. A reduced duty of €98 per tonne is granted under the preferential CXL
agreement (Szajner et al., 2016). Main beneficiaries of this tariff are Brazil, Australia and Cuba (Rural
Payments Agency, 2013). Table 3.2 (Davies et al., 2015, p.4) shows total preferential imports in 2015.
Outside this amount, the EU applies Most Favored Nation (MFN) tariffs to additional sugar imports
(European Commission, 2016a). The MFN tariffs are €419 per tonne for white sugar and €339 per
tonne for raw sugar (Szajner et al., 2016). According to Burrell et al. (2014), EU sugar imports only
occur within the TRQ given the very high outside-quota tariff rate.
Table 3.2 EU preferential imports of sugar

Origin
ACP/LDC countries

Status and Duty Level
Unrestricted, zero duty

Balkans
Free Trade Agreements
CXL
Total Preferential Imports

TRQs, zero duty
TRQs, zero duty
TRQs, €98/t

Quantity Allocated (million tonne)
1.8 - 2.1
(historic average)
0.2
0.5
0.7
3.2 - 3.5

Source: Davies et al., 2015, p. 4

The 2006 reform had little influence on foreign trade. The EU market remained protected by a TRQ
and bilateral agreements were extended. A number of countries were added to the preferential
import agreements, mainly developing countries (ACP, LDCs) and Balkan countries. Import tariffs and
import agreements remain unchanged after the 2017 reform.
Due to WTO enforcement in 2006, subsidized exports from the EU were only allowed to an amount
equal to or smaller than 1.374 million tonnes of sugar (WTO, 2010). Sugar exports outside this
amount were only allowed if proven they were not subsidized (Burrell et al., 2014). After the 2017
reform, the export refunds on exports up to 1.374 million tonne of sugar will be no longer in place
(Burrell et al., 2014).
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4 Theory of quota abolition
This chapter provides a graphical analysis of the EU sugar market and welfare in the present situation
and in three selected scenarios. Section 4.1 focuses on the present situation of the EU and section
4.2 until 4.4 focus on the three scenarios. Section 4.2 (first scenario) analyzes the situation after the
2017 reform, which consists of a sugar quota abolition. Section 4.3 (second scenario) expands the
first scenario by introducing the Renewable Energy Directive of the EU. Section 4.4 (third scenario)
contains the second scenario and a 12.5% increase in sugar demand in the ACP countries, China and
Thailand.

4.1 Present situation
EU market
In Figure 4.1 the present situation of the EU market is shown, which is characterized by a supply
quota regime and a TRQ. Because of these regulations, the EU supply curve consists of three
sections: the EU price below the world market price plus the transportation costs (section 1), the EU
price equal to the world market price plus the transportation costs (section 2) and the EU price above
the world market price plus transportation costs. In section 1, no imports will be supplied on the
domestic market; EU sugar supply only depends on the supply of domestic producers. Supply
increases until the supply quota regime is reached. The supply quota regime is shown by the vertical
line Sq. In section 2, where the EU price is equal to the world market price plus the transportation
costs, imports will be supplied on the EU market. These imports are reflected by the horizontal line in
section 2. Demand exceeds the supply at this price, and imports fill the tariff quota by 100%. To reach
equilibrium in demand and supply, the price increases until equilibrium is met at price P0∗ , supply S0 *
and imports M0∗ . In section 3, the EU price is equal to the world market price plus outside-quota tariff
rate plus transportation costs. Imports outside the TRQ will be supplied on the EU market. As
mentioned in chapter 3, EU sugar imports only occur within the TRQ given the very high outsidequota tariff rate (Burrell et al., 2014).
Price

𝐒𝐪

𝐒𝟎 + 𝐌𝟎

𝐏𝐰 + 𝐫 + 𝐭

𝐏𝟎∗
𝐏𝐰 + 𝐭
𝐏𝐧𝐬

𝐃
Section 1

Section 3

Section 2

𝐒𝟎∗

𝐒𝟎∗ + 𝐌𝟎∗

Quantity

Figure 4.1 EU market in present situation
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D = demand curve EU in present situation
Sq = Supply quota
M0∗ = EU imports in present situation
Pw = world market price
t = transportation costs

S0 + M0 = total supply curve EU in present situation
S0∗ = equilibrium EU supply in present situation
Pns = shadow price at supply quota amount
P0∗ = EU equilibrium price in present situation
r = outside-quota tariff rate

World market
Figure 4.2 shows the present situation of the EU on the world market. The MD curve represents the
import demand of the EU, while the XS curve shows the export supply of the other countries. The
import demand of a country is equal to the domestic supply minus the domestic demand of a
country; export supply is equal to the excess supply of the other countries. The import demand curve
of the EU is characterized by a kink due to the supply quota regime. This kink is located at the price
where supply would be equal to the supply quota, which is denoted as the shadow price of sugar
(Pns ). Above this shadow price, import demand fully depends on the demand of the EU, since
production is restricted by the supply quota. Below the shadow price of sugar, supply of sugar
depends on both supply and demand of sugar, which results in a more flat import demand curve.
Export supply is characterized by two supply curves. The within TRQ supply curve holds until the
import threshold of the TRQ is met (at price Pw + t). For imports above this threshold, the outside
TRQ export supply curve applies (at price Pw + r + t). As shown in Figure 5.2, equilibrium is met at
price P0∗ and import M0∗ . At this amount, import fills the tariff quota by 100%.
Price
𝐏𝐰 + 𝐫 + 𝐭

𝐗𝐒

𝐏𝟎∗
𝐏𝐰 + 𝐭
𝐏𝐧𝐬
𝐌𝟎∗

MD
Imports

Figure 4.2 EU on world market in present situation

XS = Export supply curve other countries
M0∗ = EU equilibrium imports present situation
Pw = world market price
P0∗ = EU equilibrium price present situation

MD = Import demand curve of EU
Pns = shadow price of sugar
t = transportation costs
r = outside-quota tariff rate
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Welfare EU market
Next, the welfare in the present situation is analyzed. The welfare is distinguished for four
stakeholders: consumers, producers, government and TRQ rent for exporters. The welfare of the
consumers is expressed by the consumer surplus and consists of the area below the demand curve
and above the domestic price. Welfare of the producers is expressed by the producer surplus and
consists of the area below domestic price and above the supply curve. Government welfare is
expressed by the revenues (import tariffs) minus the costs of its policy. TRQ rent is additional profit
from imports since owners of import licenses can sell sugar at the higher domestic market price. It is
assumed that these licenses are owned by the sugar exporters. In figure 4.3, the welfare of each
stakeholder in the present situation is shown. Area A represents the consumer surplus, while area B
shows the producer surplus. Area C consists of the TRQ rent, which goes to the sugar exporters. Since
imports only occur within the TRQ and the within-quota tariff rate is equal to zero, government
welfare is equal to zero.
Price

𝐒𝐪

𝐏𝐰 + 𝐫 + 𝐭

𝐒𝟎 + 𝐌𝟎
A

𝐏𝟎∗
C
𝐏𝐰 + 𝐭
B

𝐃

𝐒𝟎∗

Quantity

𝐒𝟎∗ + 𝐌𝟎∗

Figure 4.3 Welfare of stakeholders in present situation

Consumer surplus = A
Producer surplus = B
Government welfare = not applicable
TRQ rent = C
D = demand curve EU
Sq = Supply quota
M0∗ = EU imports in present situation (TRQ)
t = transportation costs
r = outside-quota tariff rate

S0 + M0 =total supply curve EU in present situation
S0∗ = equilibrium EU supply in present situation
Pw = world market price
P0∗ = EU equilibrium price in present situation
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Three different scenarios are selected to analyze the impact of the supply quota abolition. The
selected scenarios are:
Scenario 1: Supply quota abolition;
Scenario 2: Supply quota abolition and the introduction of the Renewable Energy Directive;
Scenario 3: Supply quota abolition, the introduction of the Renewable Energy Directive and a 12.5%
increase in sugar demand in the ACP countries, China and Thailand.

4.2 Scenario 1
EU market
This scenario reflects the 2017 sugar reform, which consists of a supply quota abolition and a
continuation of the existing TRQ. The scenario is shown in Figure 4.4. Due to the supply quota
abolition, supply of sugar is no longer restricted. The total supply curve shifts from S0 + M0 to S1 +
M1 . Due to the supply quota abolition, the supply of sugar is expected to increase (S0∗ to S1∗ ). The
increasing supply causes the EU price to decrease until equilibrium in supply and demand is met. The
EU price of sugar decreases from P0∗ to P1∗ ; the new equilibrium price is equal to Pw + t. In the new
equilibrium situation, sugar imports diminish (M0∗ to M1∗ ) since they are substituted by domestic
production.
Price

𝐒𝐪

𝐒𝟎 + 𝐌𝟎

𝐏𝐰 + 𝐫 + 𝐭

𝐒𝟏 + 𝐌𝟏

𝐏𝟎∗
𝐏𝐰 + 𝐭 = 𝐏𝟏∗
𝐏𝐧𝐬

𝐃
𝐒𝟎∗

Quantity

𝐒𝟏∗

𝐒𝟏∗ + 𝐌𝟏∗
𝐒𝟎∗ + 𝐌𝟎∗

Figure 4.4 Change EU market in scenario 1 compared to present situation

D = demand curve EU
Sq = Supply quota
S0 *= equilibrium supply present situation
Pns = shadow price of sugar
t = transportation costs
P0∗ = EU equilibrium price present situation

S0 + M0 = total supply EU curve in present situation
S1 + M1 = total supply curve EU in scenario 1
S1 ∗ = equilibrium supply in scenario 1
Pw = world market price
P1∗ = EU equilibrium price in scenario 1
r = outside-quota tariff rate
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World market
Concerning the world market, the supply quota abolition affects the import demand of the EU. Since
the supply curve is no longer restricted by the supply quota, the import demand curve fully depends
on both supply and demand of sugar. As a result, the import demand curve changes and is no longer
characterized by a kink. This shift is shown in Figure 4.5. As a result of this shift, the EU price of sugar
decreases (P0∗ to P1∗ ). Since the new equilibrium price (P1∗ ) becomes equal to the import price of sugar
(Pw + t), sugar imports diminish since they are substituted by domestic production.
Price
𝐏𝐰 + 𝐫 + 𝐭

𝐗𝐒

𝐏𝟎∗
𝐏𝐰 + 𝐭 = 𝐏𝟏∗
𝐏𝐧𝐬
MD
𝐌𝟏∗

𝐌𝟎∗

Imports

Figure 4.5 Change EU on world market in scenario 1 compared to present situation

MD = Import demand curve of EU
M0∗ = EU equilibrium imports in present situation
Pns = shadow price of quota amount
P0∗ = EU equilibrium price in present situation
t = transportation costs

XS = Export supply curve other countries
M1∗ = EU equilibrium imports in scenario 1
Pw = world market price
P1∗ = EU equilibrium price in scenario 1
r = outside-quota tariff rate

Welfare EU market
The supply quota abolition affects the consumer surplus, producer surplus and the TRQ rent of sugar
exporters. In Figure 4.6, the change in welfare is shown. Since the EU price decreases, consumer
surplus will increase by area A, B and C. Producer surplus falls by area A but rises by area E due to an
increase in supply. Government welfare is not affected by the supply quota abolition, since withinquota tariff rate is equal to zero. Since the import price of sugar becomes equal to the price of EU
sugar, no TRQ rent gains are made. The TRQ rent diminishes by area B which harms exporters of
sugar to the EU.
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𝐒𝐪

𝐒𝟎 + 𝐌𝟎

𝐏𝐰 + 𝐫 + 𝐭

𝐒𝟏 + 𝐌𝟏

𝐏𝟎∗
𝐏𝐰 + 𝐭 = 𝐏𝟏∗

B

A

C

E

D
𝐏𝐧𝐬

𝐃

𝐒𝟎∗

𝐒𝟏∗

𝐒𝟏∗ + 𝐌𝟏∗

Quantity

𝐒𝟎∗ + 𝐌𝟎∗
Figure 4.6 Change in welfare of stakeholders in scenario 1 compared to present situation

∆ Consumer Surplus = A+B+C
∆ Producer Surplus = -A+E
∆ Government welfare = no change
∆ TRQ rent = -B
D = demand curve EU
S1 + M1 = total supply curve EU in scenario 1
S0∗ = equilibrium supply in present situation
M0∗ = EU imports present situation
Pns = shadow price of quota amount
t = transportation costs
P0∗ = EU equilibrium price in present situation

S0 + M0 = total supply curve EU in present situation
Sq = Supply quota
S1∗ = equilibrium supply in scenario 1
M1∗ = EU imports scenario 1
Pw = world market price
P1∗ = EU equilibrium price in scenario 1
r = outside-quota tariff rate

4.3 Scenario 2
EU market
The second scenario expands the first scenario (supply quota abolition) by including the Renewable
Energy Directive in the analysis. As mentioned in chapter 2 the European Commission (2010)
estimated an increase of 2.93 million tonnes of sugar in the period 2010-2020 due to the increase in
EU biofuel demand. Therefore, the introduction of the directive causes the EU demand curve to shift
to the right. Figure 4.7 shows this scenario compared to the present situation. It is expected that the
EU price of sugar decreases (P0∗ to P1∗ ) and supply increases (S0∗ to S2∗ ) due to the impact of the supply
quota abolition. The price of EU sugar becomes equal to the import price of sugar (Pw + t). The
directive increases sugar imports, while the supply quota abolition diminishes sugar imports.
Depending on the impact of both measures, sugar imports will become equal to the present situation
amount, or diminish. The new equilibrium becomes at price P2∗ , supply S2∗ and imports M2∗ , which
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contains a lower EU price, a higher supply of sugar and an equal or lower amount of imports
compared to the present situation.
Price

𝐒𝐪
𝐒𝟎 + 𝐌𝟎

𝐏𝐰 + 𝐫 + 𝐭

𝐒 𝟐 + 𝐌𝟐

𝐏𝟎∗
𝐏𝐰 + 𝐭 = 𝐏𝟐∗
𝐏𝐧𝐬
𝐃𝟐
𝐃𝟎

𝐒𝟎∗

𝐒𝟐∗ 𝐒𝟎∗ + 𝐌𝟎∗

𝐒𝟐∗ + 𝐌𝟐∗

Quantity

Figure 4.7 Change EU market in scenario 2 compared to present situation

D2 = demand curve EU in scenario 2
S2 + M2 = total supply curve EU in scenario 2
S0 = equilibrium supply in present situation
M0∗ = EU imports in present situation
Pns = shadow price of quota amount
t = transportation costs
P0∗ = EU equilibrium price in present situation

D0 = demand curve EU in present situation
S0 + M0 = total supply curve EU in present situation
S2 = equilibrium supply in scenario 2
M2∗ = EU imports in scenario 2
Pw = world market price
P2∗ = EU equilibrium price scenario 2
r = outside-quota tariff rate

World market
As in the first scenario, the import demand curve becomes a straight line due to the supply quota
abolition. The MD curve also shifts upwards caused by the Renewable Energy Directive. This is shown
in Figure 4.8. The price of EU sugar falls due to the impact of the supply quota abolition (P0∗ to P2∗ ).
The EU price becomes equal to the import price of sugar. Depending on the impact of the supply
quota abolition and the directive, sugar imports remain equal or diminish. In this situation, it is
assumed that sugar imports are not affected and the TRQ remains filled by 100% (M2∗ = M0∗ ).

17

Price
𝐏𝐰 + 𝐫 + 𝐭

𝐗𝐒

𝐏𝟎∗
𝐏𝟐∗
𝐏𝐰 + 𝐭
𝐏𝐧𝐬

𝐌𝐃𝟐
𝐌𝐃𝟎
Imports

𝐌𝟎∗ = 𝐌𝟐∗

Figure 4.8 Change EU on world market in scenario 2 compared to present situation

XS = Export supply curve other countries
MD2 = Import demand curve EU in scenario 2
M2∗ = EU equilibrium imports in scenario 2
Pw = world market price
P2∗ = EU equilibrium price in scenario 2
r = outside-quota tariff rate

MD0 = Import demand curve EU in present situation
M0∗ = EU equilibrium imports in present situation
Pns = shadow price of quota amount
t = transportation costs
P0∗ = EU equilibrium price in present situation

Welfare EU market
Figure 4.9 depicts the change in welfare in scenario 2 compared to the present situation. Since the
EU price decreases and demand increases, consumers gain by area A, B, and C. The EU price
reduction results in a loss in surplus by the producers, but the increase in production results in an
increase in surplus. The producers lose area A but gain area D. Government welfare is not affected,
since within-quota tariff rate is equal to zero. TRQ rent diminishes by area B.
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𝐒𝟎 + 𝐌𝟎
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𝐏𝐧𝐬
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𝐒𝟎∗
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𝐒𝟐∗ + 𝐌𝟐∗
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Figure 4.9 Change in welfare of stakeholders in scenario 2 compared to present situation
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∆ Consumer Surplus = A+B+C
∆ Producer Surplus = -A+D
∆ Government welfare = no change
∆ TRQ rent = -B
D2 = demand curve EU in scenario 2
S0 + M0 = total supply curve in present situation
S0∗ = equilibrium supply in present situation
S2∗ = equilibrium supply in scenario 2
Pns = shadow price of quota amount
P0∗ = EU equilibrium price in present situation
t = transportation costs

D0 = demand curve EU in present situation
S2 + M2 = total supply curve EU in scenario 2
M0∗ = EU imports in present situation
M2∗ = EU imports in scenario 2
Pw = world market price
P2∗ = EU equilibrium price in scenario 2
r = outside-quota tariff rate

4.4 Scenario 3
EU market
The third scenario includes next to the supply quota abolition and the Renewable Energy Directive
the development of an increasing demand of sugar in the Asian and African countries (as discussed in
chapter 2). This is incorporated in the third scenario by assuming a 12.5% increase in sugar demand
in the ACP countries, China and Thailand. Figure 4.10 shows the impact of this scenario on the EU
market compared to the present situation. The increasing demand of these countries result in a
lower export supply on the world market, which causes the world market price to increase (Pw0 to
Pw3 ). Sugar imports become more expensive, so sugar imports are substituted by domestic
production. The supply quota abolition also stimulates sugar supply, so the EU sugar imports will
further diminish, despite the increasing EU demand from the Renewable Energy Directive. Since
supply increases, the EU price of sugar is expected to decrease (P0∗ to P3∗ ) and becomes equal to the
import price of sugar (Pw3 + t). A new equilibrium is met at supply S3∗ and imports M3∗ .
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Figure 4.10 Change EU market in scenario 3 compared to present situation
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D3 = demand curve EU in scenario 3
S3 + M3 = total supply curve EU in scenario 3
S0∗ = equilibrium supply in present situation
S3∗ = equilibrium supply in scenario 3
Pns = shadow price of quota amount
t = transportation costs
P0∗ = EU equilibrium price in present situation
r = outside-quota tariff rate

D0 = demand curve EU in present situation
S0 + M0 = total supply curve EU in present situation
M0∗ = EU imports in present situation
M3∗ = EU imports in scenario 3
Pw0 = world market price in present situation
Pw3 = world market price in scenario 3
P3∗ = EU equilibrium price in scenario 3

World market
As in the previous scenario, the import demand curve becomes a straight line due to the supply
quota abolition and shifts upwards because of the introduction of the directive. This is shown in
Figure 4.11. Due to the increasing demand in Asian and African countries, less sugar is supplied on
the world market, which causes the export supply curve to shift upwards. As a result, the world
market price increases and sugar imports become more expensive. The price of EU sugar falls due to
the increasing supply caused by the supply quota abolition. The increasing domestic supply of sugar
substitutes sugar imports. The total imports decrease in this scenario, despite the introduction of the
directive. A new EU equilibrium is met at imports M3∗ and price P3∗ .
Price
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𝐗𝐒𝟎
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Figure 4.11 Change EU on world market in scenario 3 compared to present situation

XS0 = export supply curve in present situation
MD0 = Import demand curve EU in present situation
M0∗ = EU equilibrium in present situation
Pns = shadow price of quota amount
Pw3 = world market price in scenario 3
P3∗ = EU equilibrium price in scenario 3
r = outside-quota tariff rate

XS3 = export supply curve in scenario 3
MD3 = Import demand curve EU in scenario 3
M3∗ = EU equilibrium imports in scenario 3
Pw0 = world market price
t = transportation costs
P0∗ = EU equilibrium in present situation
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Welfare EU market
Figure 4.12 shows the change in welfare in the third scenario compared to the present situation. The
decrease in price of EU sugar is beneficial for the consumers, who gain area A, B and C. The
producers lose area A because the price decreases, but gain area D, E and G due to an increase in
production. Since the price of EU sugar becomes equal to the import price of sugar, the gain in TRQ
decreases by area B, D and F. The government welfare is unaffected, since within-quota tariff rate is
equal to zero.
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Figure 4.12 Change in welfare of stakeholders in scenario 3 compared to present situation

∆ Consumer Surplus = A+B+C
∆ Producer Surplus = -A+D+E+G
∆ Government welfare = 0
∆ TRQ rent = -B-D-F
D0 = demand curve EU in present situation
S0 + M0 = total supply curve in present situation
S0∗ = equilibrium supply in present situation
M0∗ = EU imports in present situation
Pns = shadow price of quota amount
t = transportation costs
P3∗ = EU equilibrium in price scenario 3
r = outside-quota tariff rate

D3 = demand curve EU in scenario 3
S3 + M3 = total supply curve EU in scenario 3
S3∗ = equilibrium supply in scenario 3
M3∗ = EU imports in scenario 3
Pw0 = world market price
Pw3 = world market price in scenario 3
P0∗ = EU equilibrium price in present situation
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5 Model and data
This chapter describes the model and the data that have been used to simulate the impact of the
supply quota abolition. Section 5.1 discusses the theoretical model, which serves as the starting point
of the empirical model. Section 5.2 presents the data used for the empirical model. Section 5.3
presents the empirical model that has been designed to simulate the impact of the supply quota
abolition. Section 5.4 shows the calibration of the coefficients.

5.1 Theoretical model
To simulate the economic impact of the supply quota abolition on sugar, the spatial equilibrium
model of Takayama and Judge is used (Takayama & Judge, 1964). This model is created by Samuelson
(1952) and revised by Takayama and Judge into a more concrete model. The model consists of i
spatially separated regions which produce, consume and trade a homogenous commodity. The
model can be used to evaluate the effect of trade liberalization, such as the supply quota abolition.
To provide a better reflection of the EU sugar market, the model has been adjusted. The supply
quota and TRQ of the EU are included. The minimum price and reference price are not included in
the model as they were rarely met in practice (Burrell et al., 2014). This model will be used to
evaluate the change in supply, demand, prices and welfare of the EU after supply quota abolition
under three scenarios.

5.2 Data
The model is calibrated on data of the EU, Brazil, ACP countries, Australia, China, Thailand, the United
States and the Rest Of the World (ROW) for the base year 2011. These countries are selected since
they are the largest importers and exporters on the world sugar market (Szajner et al., 2016). The
ACP countries consist of Mauritius, Swaziland, Mozambique, Zimbabwe and Zambia and are
considered as one region. These countries are selected since they are the largest ACP exporters to
the EU (European Commission, 2016b). The model consists of one homogenous commodity: WSE.
WSE is defined as the white sugar equivalent of sugar cane, sugar beet, raw and white sugar
aggregated.
The database of FAOSTAT (2016) is consulted to gather information on the sugar market balance
(production, stock variation, import and export) and trade data (trade value, trade volume) of each
region. The trade data show that the EU, ROW, China and the United States are net importers; Brazil,
the ACP countries, Australia and Thailand are net exporters. The EU supply curve is obtained by using
the supply and price from the paper of Smit et al. (2011). The price elasticities of demand and supply
are obtained from the paper of Devadoss and Kropf (1996). The EU demand elasticity for the
sensitivity analysis is obtained from the FAPRI database (FAPRI, 2017). All data used in the model is
presented in appendix 1.

5.3 Empirical model
To construct the spatial equilibrium model of the world sugar market, the next assumptions have
been made.
1. The model assumes linear demand and supply curves.
2. A region only imports or exports sugar. Since the world market must clear, total exports have to
match total imports and sum of total trade is equal to zero.
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3. Trade takes place on the world market at the world market price. This world market price is equal
to the domestic price of Brazil, since Brazil is world’s largest exporter of sugar (European
Commission, 2016b).
4. The transport costs and tariff rate of a region are equal to the difference between the domestic
price of the corresponding region and the world market price, except in the EU because of the supply
quota. In the EU, the price difference also contains the quota rent profit.
5. Within-quota tariff rate is equal to zero, since most EU imports occur at a quota free duty rate
(Davies et al., 2015).
6. Within TRQ sugar is imported as long as the import price (world market price and transportation
costs) is below or equal to the EU price. EU sugar imports only occur within the TRQ given the very
high outside-quota tariff rate (Burrell et al., 2014). In the base year the TRQ is filled by 100%.
7. ROW does not supply sugar; it only imports the excess supply of sugar.
8. The price elasticity of demand and domestic price of ROW are equal to the elasticity and price of
Indonesia, since Indonesia is considered as the world’s second largest importer of sugar (Szajner et
al., 2016). The price elasticity of demand and supply of the ACP countries is assumed to be equal to
the price elasticity of demand and supply of Africa. The domestic price of the ACP countries is equal
to the price of Mauritius, since it is considered as the largest sugar exporter of the ACP countries
(European Commission, 2016b).
The objective of the model is to provide insight in the change of quantities (supply, demand, import
and export), prices (domestic price, world market price) and welfare after EU supply quota abolition
under the scenarios.
The equations used in the model
The model contains eight regions which are classified as i players, so i = 8 (1 = EU, 2 = Brazil, 3 = ACP
countries, 4 =United States, 5 = Australia, 6 = China, 7 = Thailand, 8 = ROW). The linear demand
curves (1) and supply curves of region i (2) are based on the corresponding domestic prices.
(1) Yid = ai ∗ Pi + bi

i = 1…8 Demand curve of region i

(2) Yis = αi ∗ Pi + βi

i = 1…8 Supply curve of region i

Where: Yid = quantity of demand in region i (million tonne), Yis = quantity of supply in region i (million
tonne), Pi = domestic price region i (US dollars per tonne), ai = slope parameter demand curve of
region i, bi = intercept parameter demand curve of region i, αi = slope parameter supply curve of
region i, βi = intercept parameter supply curve of region i
To include the supply quota in the model, the supply quota is considered as a dummy variable. The
supply quota only holds for the EU (region 1). If 𝑠𝑞 = 0, the supply quota is not in charge and the
linear supply curve holds (3). If 𝑠𝑞 = 1, the supply quota is in charge and the production in region 1 is
restricted by an amount equal to EU sugar production in the base year (4).
(3) sq = 0: Y1s = α1 ∗ P1 + β1
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(4) sq = 1: Y1s = sin1
Where: sq = supply quota (0 if supply quota is in not charge, 1 if supply quota is in charge), sin1=
quota amount (= quantity of supply in region 1 in base year) (million tonne)
The domestic prices are used to derive the quantity demanded and supplied in each region. The
domestic price consists of the world market price plus the tariff rates and transportation costs (5).
The world market price is assumed to be equal to the domestic price of Brazil (i =2 is Brazil) (6 and 7).
(5) Pi = Pw + ri + t i

i = 1…8

(6) t 2 = 0, r2 =0
(7) Pw = P2
Where: Pw = world market price (US dollars per tonne), ri = tariff rate in region i (US dollars per
tonne), t i = transportation costs in region i (US dollars per tonne)
By using the parameters of the supply curve and the initial supply, the EU shadow price of sugar at
the supply quota regime can be calculated (8).
(8) Pns = (sin1 − β1 )/ α1
Where: Pns = shadow price of sugar
The quantity of trade is expressed by the excess demand of the regions. This is calculated by
subtracting the quantity of demand from the quantity of supply of a region (9). It is assumed that a
region only imports or exports sugar. If the outcome is positive, the region is an importer. If negative,
the region is an exporter.
(9) xi = Yid - Yis

i = 1…8

Where: xi = quantity of trade in region i (million tonne)
Since the ROW doesn’t supply on the world market (Y8s = 0), the quantity of trade of ROW is equal to
the demand of the ROW (10).
(10) x8 = Y8d
Since the world market must clear, total exports have to match total imports. Therefore, the sum of
total trade is equal to zero (11).
(11) ∑8i=1 xi = 0

i =1...8

Since the EU has a TRQ, two tariff rates are levied on imports. For imports within the TRQ, the withinquota tariff rate holds. Outside this amount, the outside-quota tariff rate is levied. As discussed in
the assumptions, EU sugar imports only occur within the TRQ. The within TRQ imports are restricted
by an amount equal to total sugar imports of the EU in the base year (12). The within TRQ imports
benefit from a duty free rate (r1 = 0); they are supplied on the EU market at the world market price
plus transportation costs (Pw + t1 ). Sugar is only imported into the EU if import price is below or
24

equal to the EU price. If the import price is below the EU price, within TRQ sugar imports benefit
from a quota rent profit equal to the difference of the prices (13).
(12) MTRQ = din1 −sin1
(13) s = P1 − (Pw + t1 )
Where: MTRQ = within TRQ import amount (million tonne), din1 = quantity of demand in region 1 in
base year (million tonne), s = quota rent profit at within-quota tariff rate (US dollars per tonne),
(Pw + t1 ) = within TRQ import price (US dollars per tonne)
All equations used in the model have now been discussed. In the next section, the calibration of the
coefficients will be discussed.

5.4 Calibration
To obtain the parameters of demand and supply, the domestic price (Pi ) has to be calculated first.
This is done by dividing the total value of trade by the total amount of trade as obtained from the
FAO dataset (14).
(14) Pi =

valtradei
tottradei

Where: Pi = domestic price region i (US dollars per tonne), valtradei = total value of imports and
exports of region i, tottradei = total quantity of imports and exports of region i
The ROW imports remain after the EU, China and United States met their imports. Therefore, the
quantity demanded by the ROW is equal to the sum of total trade of the other regions: EU, Brazil,
ACP countries, Australia, China, Thailand and the United States (15). The price elasticity of demand
yd

ε4 and the domestic price (P4 ) of the ROW are based on the data of Indonesia. Since the ROW
doesn’t supply to the world market, the slope and intercept parameters of the supply curve of the
ROW are equal to zero.
(15) Y8d = ∑7i=1 xi

i = 1…7

Since the domestic prices, quantities of demand and price elasticities of demand are known, the
slope and intercept parameters of the demand curves can be derived. By using the following
equations, the slope parameter (16 and 17) and intercept parameter of demand are derived (18).
(16)

δYd i
δPi

= εi

(17)

δYd i
δPi

= ai

yd

∗

Yd i
Pi

(18) bi = Yid - ai * Pi

i= 1...8

i= 1…8
i= 1…8

yd

Where: εi = price elasticity of demand, ai = slope parameter demand curve of region i, bi =
intercept parameter demand curve of region i
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The domestic price and quantity of supply as obtained from the FAOSTAT database are used to
construct the supply curves for region 2 until 8. The price and quantity of supply from the paper of
Smit et al. (2011) is used to calculate the supply curve of the EU after quota abolition, since these
values are not influenced by the supply quota. The following equations show the calibration of the
slope and intercept parameter of supply (19, 20 and 21).
(19)

(20)

δYs i
δPi

ys

= εi ∗

δYs i
δPi

Ys i
Pi

= αi

(21) βi = Yis - αi * Pi

i = 1…8

i = 1…8
i = 1…8

ys

Where: εi = price elasticity of supply, βi = intercept parameter supply curve of region i, αi = slope
parameter demand curve of region i
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6 Results
This chapter presents the simulation results of the supply quota abolition. Section 6.1 discusses the
results of the present situation, which serves as the benchmark equilibrium. Sections 6.2 until 6.4
show the results of the selected policy scenarios from chapter four and compares these results with
the present situation. The chapter ends with section 6.5 which discusses the impact of the scenarios
on the international trade of sugar.

6.1 Present situation
In the present situation, a supply quota regime and a TRQ regime holds in the EU. The model takes
2011 as the baseline for which the domestic price, quantity of demand, supply and trade of each
region and the welfare of the stakeholders are simulated. Table 6.1 provides the results of this
simulation.
The results show that the EU has a domestic price of 803.33 dollars per tonne which exceeds the
world market price of 651.75 dollars per tonne. The EU produces 14.20 million tonnes of sugar and is
the second largest producer of sugar after Brazil, which produces 34.68 million tonnes of sugar.
Because the EU demand exceeds supply, the EU is an importer of sugar. All EU sugar imports occur
within the TRQ and the TRQ is filled by 100%. Brazil has a leading position on the world sugar market,
since it is the largest trader of sugar. Other large traders on the world sugar market are Thailand,
China, the United States and the EU.
Table 6.1 International sugar market in the present situation (baseline 2011)
Where: Domestic price in US dollars per tonne, demand in million tonne, supply in million tonne,
trade in million tonne (if positive region is an importer if negative region is an exporter)

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Domestic price
803.33
651.75
689.89
930.32
676.50
767.14
642.92
793.76

Supply
14.20
34.68
2.46
5.83
3.42
10.68
8.67
0

Demand
16.69
10.88
1.17
8.95
1.81
13.83
2.37
24.24

Trade
2.49
-23.81
-1.29
3.12
-1.61
3.15
-6.30
24.24

The following scenarios have been simulated:
Scenario 1: Supply quota abolition;
Scenario 2: Supply quota abolition and the introduction of the Renewable Energy Directive;
Scenario 3: Supply quota abolition, the introduction of the Renewable Energy Directive and a 12.5%
increase in sugar demand in the ACP countries, China and Thailand.

6.2 Scenario 1
As the EU price elasticity of demand is uncertain, a sensitivity analysis for the EU market is applied in
the model. Two assumptions on the EU price elasticity of demand are made:
-

An EU price elasticity of demand of -0.02 as obtained from the paper of Devadoss & Kropf (1996).
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-

An EU demand elasticity of demand of -0.26 as obtained from the FAPRI elasticity database
(FAPRI, 2017). According to this database, the EU price elasticity of demand of wheat equals -0.26.
Since wheat is also a crop and is widely produced in the EU like sugar beet, the price elasticity of
demand of wheat is assumed to be equal to the price elasticity of sugar in the sensitivity analysis
(Eurostat, 2015).
6.2.1 EU market analysis
EU demand elasticity of -0.02
The supply quota abolition results in an increase in EU sugar supply by nearly 25%, as shown in Table
6.2. As the EU supply increases, the price of EU sugar decreases. The sugar demand only increases by
0.8% after supply quota abolition. In the equilibrium situation the price of EU sugar decreases by
39%. The new price of EU sugar equals 490 dollars per tonne. Due to the supply quota abolition, the
EU sugar price becomes equal to the world market price plus transportation costs; no tariff quota
rent profits are made anymore. The EU shifts from an importer to an exporter of sugar. The EU sugar
imports are substituted by domestic production and excess sugar is supplied on the world market.
This causes the world market price to decrease by nearly 33%. The new equilibrium world market
price is approximately 438 dollars per tonne.
EU demand elasticity of -0.26
In case of a price elasticity of demand of -0.26, sugar demand reacts more to the supply quota
abolition and increases by 8.5%. The supply quota abolition causes the supply to increase by 28%. As
increase in supply exceeds increase in demand, EU price of sugar drops until equilibrium is met at a
price of 541 dollars per tonne. As in the previous situation, the EU shifts from an importer to an
exporter of sugar; the amount of sugar exported equals 0.08 million tonne. Since the EU shifts from
an importer to an exporter of sugar, the world market price of sugar falls by 25%. The new
equilibrium world market price becomes 489 dollars per tonne. This decrease is smaller than with a
price elasticity of -0.02 due to the larger EU demand and smaller EU exports.
Table 6.2 EU sugar market in scenario 1 with two different values of the EU price elasticity of demand
Where: EU supply in million tonne, EU demand in million tonne, EU trade in million tonne (if positive region is an
importer if negative region is an exporter), EU price in US dollars per tonne, world market price in US dollars per
tonne, % change is change in variable compared to present situation

Present situation

EU Supply
EU Demand
EU Trade
EU domestic price
World market price

Value
14.20
16.69
2.49
803.33
651.75

EU demand elasticity
of -0.02
Value
% change
17.69
24.56
16.82
0.78
-0.87
-134.75
490.07
-39.00
438.32
-32.74

EU demand elasticity
of -0.26
Value
% change
18.18
28.01
18.10
8.50
-0.08
-102.69
540.58
-32.67
489.11
-24.96

6.2.2 EU welfare analysis
EU demand elasticity -0.02
As shown in Table 6.3, consumer surplus increases by approximately 5.25 billion dollars, since it
becomes cheaper for consumers to buy sugar. Producers surplus falls by 3.82 billion dollars, caused
by the decreasing price of EU sugar. Government welfare is not affected by the supply quota
abolition, since EU sugar imports only took place within the TRQ at a duty free rate. In total, the
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welfare in the EU increases by 1.43 billion dollars after the supply quota abolition, since the gain in
consumer surplus exceeds the loss in producer surplus. The supply quota abolition affects the sugar
exporters. Since the domestic EU sugar price becomes equal to the world market price and
transportation costs, no TRQ rent profits are made on sugar imports and therefore falls by nearly
0.25 billion dollars.
EU demand elasticity -0.26
In case of an EU demand elasticity of -0.26, the same development occurs as in case of an EU
demand elasticity of -0.02; the consumers gain while the producers lose. However, the impact on
consumers and producers is smaller, since the EU price elasticity of -0.26 results in a smaller decrease
in the price of EU sugar. The consumers gain 4.57 billion dollars after the supply quota abolition. The
producer surplus decreases after the supply quota abolition by 2.88 billion dollars. Total welfare
increases by 1.69 billion dollars. As in the case of an EU demand elasticity of -0.02, TRQ profits fall by
0.25 billion dollars.
Table 6.3 Change in welfare of EU stakeholders in scenario 1 with two different values of the EU price
elasticity of demand
Where: welfare in billion dollars

Δ Consumer surplus
Δ Producer surplus
Δ Government welfare
Δ Total EU welfare
Δ TRQ rent

EU demand elasticity of -0.02
Change in welfare
5.25
-3.82
0
1.43
-0.25

EU demand elasticity of -0.26
Change in welfare
4.57
-2.88
0
1.69
-0.25

6.3 Scenario 2
6.3.1 EU market analysis
EU demand elasticity of -0.02
The Renewable Energy Directive involves an increase in EU sugar demand by 2.93 million tonne. The
results in Table 6.4 show that the supply quota abolition causes the supply to go up by 32%. The
introduction of the EU Renewable Energy Directive increases sugar demand by 18%. As the increase
in sugar supply exceeds the increase in sugar demand, EU domestic price decreases until market
equilibrium is met at an EU price of 604 dollars per tonne. The difference between the EU price and
world market price of sugar becomes equal to the transportation costs. Although EU imports
diminish, the EU remains an importer of sugar. The EU imports consist of 0.9 million tonne of sugar
and the TRQ is filled by 37% (compared to 100% in present situation). Because the EU demands less
sugar from the world market, the world market price decreases. The new equilibrium world market
price becomes 552 dollars per tonne.
EU demand elasticity of -0.26
In case of a demand elasticity of -0.26, the EU demand is more sensitive to the introduction of the
Renewable Energy Directive (compared to demand elasticity of -0.02) and increases by 23%. The
supply increases by 34.5% as a result of the supply quota abolition. The increase in supply exceeds
the increase in demand and the price of EU sugar falls by 21%. The new equilibrium price becomes
636 dollars per tonne. Although total EU sugar imports decrease, the EU remains an importer of
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sugar and the TRQ is filled by 57%. The decreasing EU sugar imports result in a lower world market
price of 584 dollars per tonne.
Table 6.4 EU sugar market in scenario 2 with two different values of the EU price elasticity of demand
Where: EU supply in million tonne, EU demand in million tonne, EU trade in million tonne (if positive region is an
importer and if negative region is an exporter), EU domestic price in US dollars per tonne, world market price in
US dollars per tonne, % change is change in variable compared to present situation.

Present situation

EU Supply
EU Demand
EU Trade
EU domestic price
World market price

Value
14.2
16.69
2.49
803.33
651.75

EU demand
elasticity of -0.02
Value
% change
18.78
32.27
19.70
18.05
0.92
-62.97
603.76
-24.84
552.02
-15.30

EU demand elasticity
of -0.26
Value
% change
19.09
34.46
20.52
22.97
1.43
-42.54
636.12
-20.82
584.37
-10.34

6.3.2 EU welfare analysis
EU demand elasticity of -0.02
Table 6.5 provides the change in welfare of the stakeholders in this scenario. The price of EU sugar
falls due to the impact of the supply quota abolition, but the decrease is smoothened by the
increasing sugar demand from the Renewable Energy Directive. As a result, the gain in consumer
surplus and the loss in producer surplus are relatively small compared to the previous scenario. The
consumers gain 3.92 billion dollars and the producers lose 1.74 dollars. The total EU welfare
increases by 2.18 billion dollars. The TRQ rent falls by 0.25 billion dollars as in the previous scenario.
EU demand elasticity of -0.26
In case of a price elasticity of demand of -0.26, the consumers gain 3.36 billion dollars and the
producers lose 1.10 billion dollars. In total, the EU welfare improves by 2.26 billion dollars in this
scenario. As in the previous scenario, government welfare is not affected and no TRQ rent profits are
made on sugar imports.
Table 6.5 Change in welfare of EU stakeholders in scenario 2 with two different values of the EU price
elasticity of demand
Where: welfare in billion dollars

Δ Consumer surplus
Δ Producers surplus
Δ Government welfare
Δ Total EU welfare
Δ TRQ rent

EU demand elasticity of -0.02
Change in welfare
3.92
-1.74
0
2.18
-0.25

EU demand elasticity of -0.26
Change in welfare
3.36
-1.10
0
2.26
-0.25

6.4 Scenario 3
6.4.1 EU market analysis
EU demand elasticity of -0.02
The development of a 12.5% increase in sugar demand in the ACP countries, China and Thailand
increases the world market price, since less sugar is supplied on the world market. However, the
supply quota abolition results in a decrease in the world market price, since it causes an increase in
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EU sugar supply. Altogether, the world market price diminishes by 1.1%, as shown in Table 6.6. The
supply quota abolition results in an increase in EU sugar supply by 38.6%, and the Renewable Energy
Directive causes the EU demand to increase by 17.8%. This results in less sugar imports from the EU.
EU imports fall by 100.33% and the EU becomes autarkic; the exports only consist of 0.01 million
tonne. The equilibrium price of EU sugar becomes equal to 696 dollars per tonne.
EU demand elasticity of -0.26
In case of a demand elasticity of -0.26, this scenario causes the EU supply to increase by nearly 40%
and the demand by almost 20.5%. Since the increase in sugar supply exceeds the increase in sugar
demand, the EU domestic price falls by approximately 11.1% to 714 dollars per tonne. In contrast to
the previous situation, the EU remains an importer of sugar, since the demand is more reactive to
the decreasing price of EU sugar. Since the EU remains an importer, the world market price increases
(by 1.6%).
Table 6.6 EU market in scenario 3 with two different values of the EU price elasticity of demand
Where: EU supply in million tonne, EU demand in million tonne, EU trade in million tonne (if positive region is an
importer and if negative region is an exporter), EU domestic price in US dollars per tonne, world market price in
US dollars per tonne, % change is change in variable compared to present situation.

Present situation

EU Supply
EU Demand
EU Trade
EU domestic price
World market price

Value
14.2
16.69
2.492
803.33
651.75

EU demand
elasticity of -0.02
Value
% change
19.67
38.56
19.66
17.82
-0.01
-100.33
696.49
-13.30
644.74
-1.08

EU demand elasticity
of -0.26
Value
% change
19.84
39.73
20.10
20.45
0.26
-89.40
713.81
-11.14
662.06
1.58

6.4.2 EU welfare analysis
EU demand elasticity of -0.02
The consumer surplus increases by 2.10 billion dollars (Table 6.7). The consumers benefit from the
decreasing price of EU sugar. The producers also gain, since the positive impact from the increasing
supply of sugar exceeds the negative impact from the decreasing price of EU sugar. The producer
surplus increases by 0.04 billion dollars. Government welfare is not affected as within-quota tariff
rate is in both situations equal to zero. Total welfare improves by nearly 2.14 billion dollars. The TRQ
rent falls by 0.25 billion dollars as in the previous scenarios since there are no imports anymore.
EU demand elasticity of -0.26
In case of a demand elasticity of -0.26, consumers gain 1.78 billion dollars. The increase in consumer
surplus is less than in case of a price elasticity of -0.02, because the decrease in the EU price is
smaller. The producers gain 0.42 billion dollars, since the positive impact from the increasing supply
exceeds the negative impact from the decreasing price of EU sugar. Total welfare increases by 2.20
billion dollars. Government welfare is zero and the TRQ rent falls by 0.25 billion dollars as imports are
zero.
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Table 6.7 Change in welfare of EU stakeholders in scenario 3 with two different values of the EU price
elasticity of demand
Where: welfare in billion dollars

Δ Consumer surplus
Δ Producers surplus
Δ Government welfare
Δ Total EU welfare
Δ TRQ rent

EU demand elasticity of -0.02
Change in welfare
2.10
0.04
0
2.14
-0.25

EU demand elasticity of -0.26
Change in welfare
1.78
0.42
0
2.20
-0.25

6.5 International trade
6.5.1 Scenario 1
As discussed in section 6.3, the EU changes from an importer to an exporter of sugar after only a
supply quota abolition. This change has two effects on the world market. Firstly, the EU no longer
imports sugar from the exporting countries, therefore sugar exports of these countries decrease.
Besides, more sugar is supplied on the world market, which causes the world market price to
decrease further. It becomes less attractive for sugar producers to supply sugar on the world market,
so sugar exports decrease. Thailand faces the biggest loss in sugar exports; their exports diminish by
6.6% and 5.0% respectively (Table 6.8). Brazil faces a decrease of 4.2% and 3.2% in sugar exports. The
decrease in world market price makes it more attractive to import sugar. In the United States sugar
imports increase by 12.0% and 9.1%, and in China between 23.4% and 21.6% respectively. In case
these countries protect their domestic producers by a TRQ, the world market price would go down
even more.
Table 6.8 Change in trade in scenario 1 with two different values of the EU price elasticity of demand

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Elasticity of demand of -0.02
Change in trade (in %)
-134.75
-4.23
-1.42
11.97
-5.87
23.37
-6.59
2.29

Elasticity of demand of -0.26
Change in trade (in %)
-102.69
-3.23
-1.09
9.12
-4.47
21.62
-5.02
1.74

6.5.2 Scenario 2
Due to the introduction of the Renewable Energy Directive, the EU remains an importer of sugar
after supply quota abolition. Therefore, the impact on the international trade is less severe
compared to the first scenario. The decreasing import demand of the EU affects the exporting
countries. Brazil’s exports diminish by 2.0% and 1.3%, and Thailand’s exports by 3.1% and 2.1%
(Table 6.9). As the world market price decreases it becomes beneficial for sugar importing countries
to increase the amount of sugar imports. Total imports increase in all importing regions except the
EU; US’s imports increase by 5.6% and 3.8%, China’s imports increase by 13.3% and 9.0% and the
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Rest of the World’s imports increase by 1.1% and 0.7%. Also here we assume that these countries
have no import restrictions in the form of a TRQ.
Table 6.9 Change in trade in scenario 2 with two different values of the EU price elasticity of demand

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
ROW

Elasticity of demand of -0.02
Change in trade (in %)
-62.97
-1.98
-0.67
5.60
-2.74
13.26
-3.08
1.07

Elasticity of demand of -0.26
Change in trade (in %)
-42.54
-1.34
-0.45
3.78
-1.85
8.96
-2.08
0.72

6.5.3 Scenario 3
As discussed, an expansion of the second scenario by a 12.5% increase in sugar demand in the ACP
countries, China and Thailand results in a decrease of sugar imports. In this scenario, the EU becomes
autarkic in case of an elasticity of demand of -0.02. In case of a demand elasticity of -0.26, the EU
remains an importer of sugar although imports diminish by 89.4%. The increase in demand in the
ACP countries, Thailand and China lowers the sugar exports of the ACP countries and Thailand by
11.6% and 5.0% respectively and increases the sugar imports of China around 60%, as shown in Table
6.10. In case of a demand elasticity of -0.02 the world market price decreases. Therefore, Brazilian
and Australian exports decrease by 0.1% and 0.2% respectively. Sugar imports in the United States
and the ROW increase by 0.4% and 0.1% respectively. In case of a price elasticity of -0.26 the world
market price increases. This results in increasing sugar exports by Brazil of 0.2% and by Australia of
0.3%. Sugar imports from the United States and the ROW diminish by 0.6% and 0.1% respectively.
Table 6.10 Change in trade in scenario 3 with two different values of the EU price elasticity of
demand

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Elasticity of demand of -0.02
Change in trade (in %)
-100.33
-0.14
-11.59
0.39
-0.19
62.46
-5.02
0.08

Elasticity of demand of -0.26
Change in trade (in %)
-89.34
0.21
-11.48
-0.58
0.28
60.16
-4.48
-0.11
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7 Conclusion and discussion
7.1 Conclusion
This section provides the main findings of this thesis and answers the research questions as stated
in chapter 1.
Current situation of the EU sugar sector and their developments
The EU is currently an important player on the world sugar market by being the third largest
producer and importer of sugar (Szajner et al., 2016). Due to the restriction of the supply quota
regime, the EU is not self-sufficient in sugar. All EU imports occur within the TRQ which is filled by
100%. Most sugar imports originate from developing countries under the EPA/EBA regulations
(European Commission, 2016). The EU sugar sector faces an increasing sugar demand from the EU
Renewable Energy Directive and from the African and Asian countries, and increasing competition
from alternative sweeteners such as isoglucose. The price of EU sugar is higher and less volatile than
the world market price, due to the policy measures of the EU (Szajner et al., 2016).
Current EU sugar policy and their developments
The EU sugar policy consists of a supply quota regime, a TRQ, a minimum price, a reference price and
export regulations. Despite the 2005 reform, the EU sugar market remains highly regulated and has a
poor integration to the world market (Szajner et al., 2016). The supply quota abolition in October
2017 is in line with the simplification and greater market orientation of the EU’s CAP and enables the
EU to respond better to the increasing global demand of sugar (Szajner et al., 2016).
Modelling of the scenarios
A spatial equilibrium model, which includes a supply quota and a TRQ in the EU, has been developed
to model the quota abolition. The model is calibrated on data of the EU, Brazil, ACP countries,
Australia, China, Thailand, the United States, and the ROW for the base year 2011.
The model contains the simulation of the present situation (which serves as the benchmark
equilibrium) and the following three scenarios:
Scenario 1: Supply quota abolition;
Scenario 2: Supply quota abolition and the introduction of the Renewable Energy Directive;
Scenario 3: Supply quota abolition, the introduction of the Renewable Energy Directive and a 12.5%
increase in sugar demand in the ACP countries, China and Thailand.
Conclusions scenario 1
The quota abolition results in a strong increase in EU sugar supply and a small increase in EU sugar
demand compared to the present situation. The price of EU sugar will decrease. The sugar imports
are substituted by domestic supply and the EU shifts from an importer to an exporter of sugar. Since
more sugar is supplied on the world market, world market price decreases. The trade results show
that the supply quota abolition mainly harms the sugar exports of Brazil and Thailand. The United
States, China and ROW benefit from the decreasing world market price by increasing sugar imports.
In terms of total EU welfare, the supply quota abolition is beneficial since total EU welfare increases.
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However, the supply quota abolition creates a large welfare redistribution; consumers are
significantly better off while producers are worse off due to the strong decrease in price of EU sugar.
Government budget is unaffected since TRQ imports took place at a duty free rate. Since the EU price
becomes equal to world market price plus transportation costs, no TRQ rent profits are made on
sugar exports to the EU.
Conclusions scenario 2
The Renewable Energy Directive, which promotes the use of biofuels in the EU, results in an increase
in EU sugar demand. The sugar supply increases due to the supply quota abolition. As the increase in
supply exceeds increase in demand, sugar imports diminish. However, the EU remains an importer of
sugar. Therefore, the impact on the world market is limited. The abolition of the supply quota results
in a decrease of the world market price. The price of EU sugar decreases since the supply goes up
more than the demand. The consumer surplus increases and the producer surplus decreases. The
decrease in producer surplus is limited, since the decrease in price of EU sugar is softened by the
increasing demand from the Renewable Energy Directive. Government budget is not affected since
the within-quota tariff rate is equal to zero and no imports above the TRQ take place. This scenario is
most favorable in terms of total welfare.
Conclusions scenario 3
The increase in demand in the ACP countries, China and Thailand increases the world market price of
sugar since less sugar is supplied on the world market. This development and the supply quota
abolition cause a considerable increase in sugar supply. The demand increases due to the
introduction of the Renewable Energy Directive. The EU imports diminish and the EU becomes
autarkic or remains a small importer of sugar, depending on the selected EU demand elasticity. In
case of a more elastic demand (-0.26 vs -0.02), more sugar is demanded in the EU, and the EU
remains an importer. World market price is marginally affected due to the increasing demand from
the ACP countries, Thailand and China. The price of EU sugar falls compared to the present situation,
caused by the supply quota abolition. The decrease in price of EU sugar is softened by the Renewable
Energy Directive and the increase in demand from ACP countries, China and Thailand. The relatively
low decrease in price of EU sugar, is beneficial for the producers. Both consumers and producers
have a welfare gain in this scenario.
7.2 Discussion
This section compares the results of this research with those of existing studies and discusses the
limitations of the model and presents a recommendation for future research.
The results of this study are to a large extent in line with the results of Smit et al. (2011), Nolte et al.
(2011) and Burrell et al. (2014). As in these studies, the results of this research show an increase in
sugar supply, a limited increase in sugar demand, a decrease in sugar imports and a decrease in price
of EU sugar after the supply quota abolition. Besides, this study shows to a large extent the same
welfare redistribution of the stakeholders after quota abolition as Burrell et al. (2014). On some
items, the results of this study differ from the earlier studies. The earlier studies show that the EU
remains an importer of sugar. This study points out that it depends on the scenario whether the EU
remains an importer, becomes an exporter or becomes autarkic. Besides, this study shows a higher
world market price than the earlier studies. Both differences can be explained by the more recent
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data that has been used for this research. The existing studies also show no significant impact on the
world market price of sugar. This study points out a decrease in world market price. A possible
explanation is because this study expects a larger decrease in EU sugar imports after supply quota
abolition which results in a larger impact on the world market.
The designed model contains the next limitations. First, the model consists of demand and supply
equations which are only affected by the price of sugar. In practice, demand and supply of sugar is
also affected by developments in other agricultural commodity markets, such as of sweeteners, and
other variables such as the exchange rate. These variables are ignored because of data and time
limitations. Second, the sugar policies of the other regions are not included in the model, such as the
TRQ of the US. Due to lack of data, it is decided to only include the policy instruments of the EU.
Third, the model does not analyze the economic impact of the quota abolition on firm level. This is
not investigated since it is beyond the scope of this research.
As this study expects a decrease in the price of EU sugar, it is of importance to investigate how this
will affect the profitability of the individual sugar beet growers and processors. Therefore, further
research is recommended on the impact of the supply quota abolition on the profitability of the
sugar beet growers and processors.
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Appendix Data used for the calibration of the model
Table A1 Supply and demand elasticity values for white sugar (Devadoss & Kropf) and wheat (FAPRI) of each region

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Devadoss & Kropf
Price elasticity of
Price elasticity of
supply
demand
0.228
-0.02
0.085
-0.012
0.017
-0.015
0.215
-0.042
0.066
-0.041
0.144
-0.121
0.138
-0.023
0.32
-0.085

FAPRI
Price elasticity of
demand
-0.261
-

Source: Devadoss & Kropf (1996) and FAPRI database (2017)
1
: The EU price elasticity of demand of -0.26 has been used for the sensitivity analysis, other elasticities were
unchanged in the sensitivity analysis
Table A2 WSE market balance data of each region in 2011

Where: supply in million tonne, demand in million tonne, trade in million tonne (if
positive region is a net importer and if negative region is a net exporter)

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Supply
14.202
34.68
2.46
5.83
3.42
10.68
8.67
0

Demand
16.69
10.88
1.17
8.95
1.81
13.83
2.36
24.24

Net trade
2.49
-23.81
-1.29
3.12
-1.61
3.15
-6.30
24.24

Source: FAOSTAT database (2016)
2
: To construct the EU supply curve after quota abolition, the supply (16.8 million tonne) and price (398 dollars
per tonne) of Smit et al. (2011) have been used. The EU supply quota amount is set equal to the EU supply of
14.20 million tonne as obtained from FAOSTAT (2016). The TRQ import limit is set equal to the EU sugar
imports of 2.49 million tonne.
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Table A3 Price and transport costs data of white sugar of each region in 2011
Where: Trade value in million dollars, trade quantity in million tonnes, domestic price in dollars per tonne,
transport costs in US dollars per tonne

Region
European Union
Brazil
ACP countries
United States
Australia
China
Thailand
Rest Of the World

Total trade value

Total trade quantity

Domestic price3

1983.08
3393.22
230.68
185.95
568.00
1550.05
1328.72
157.22

2.47
5.21
0.33
0.27
0.74
2.41
1.43
0.20

803.33
651.75
689.89
930.32
676.50
767.14
642.92
793.76

Transport costs and
tariff rates4
51.755
38.14
278.56
24.744
155.386
-8.833
142.01

Source: FAOSTAT database (2016)
3
: Domestic price is obtained by dividing the trade value by the trade quantity of the region
4
: The transport costs and tariff rates of the region are equal to the difference between the domestic price of
the respective region and the world market price.
5
: In the EU, the price difference consists next to the transportation costs of a quota rent profit due to the
existence of the supply quota. The EU price difference contains 151.58 dollars per tonne, of which 51.75 dollars
are transport costs and 99.83 dollars quota rent profit. The transport costs are calculated by multiplying the
shipping costs (0.005 dollars per km per tonne), obtained from CTA (2010), by the distance (10107.82km)
obtained from Seasrates.com (2016).
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