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Abstract: Sugar production in the world amounted to € 53.5 Bill. in 2012. It can be produced using 
sugar cane in tropical and subtropical climate belt or sugar beet in moderate climate. In 
this paper the input allocation effi ciency is analysed. First part of the effi ciency analysis 
is the microeconomic analysis of transformation of two inputs (cane and beet) into sug-
ar. It is shown that there is no microeconomic approval for sugar production from sugar 
beet. Further analysis has shown that vast areas of arable land in EU could be reallocated 
to more profi table cultures but it would then cause price shocks on the other agricultural 
markets. Finally, it is shown that Croatian farmers do not have to raise revenues per hectare 
by switching form sugar beet to other cultures, but only to improve low productivity in its 
production, since the yields are below the EU average by 24%.
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Introduction

Sugar market is one of the most signifi cant segments of the food industry; the sold 
amount of sugar in 2013 was € 53.5 Bill (Versteijlen, 2014). European Union is one 
of the greatest producers and consumers of sugar in the world, but there is a question 
of how effi cient the sugar production is. Sugar can be produced from either sugar 
beet or sugar cane. Sugar cane accounts for 78% of the sugar production in the world 
and the rest is produced from sugar beet (FAO). This paper will underline signifi cant 
differences in the commodity production and the costs of production, discuss the 
current choices of inputs and comment on the possible ways how to increase revenues 
per hectare of the arable land currently used for sugar beet in European Union and 
especially in Croatia.
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Sugar cane is produced almost exclusively for sugar production, which is then 
used as either a fi nal product or as a commodity for other industries, like alcohol pro-
duction. There are also some signifi cant by-products, like molasses, which are then 
used as food for cattle or by other industries. Sugar beet is also almost exclusively 
produced for sugar production with similar by-products, but there are some signifi -
cant differences in the ways these crops are produced regarding the soil, vegetation 
and the latitude. Also, sugar cane has less sugar (standard content of sugar is 12% 
on average), while sugar beet is more abundant in sugar (an average content is 16%). 
(Dahlia , 2009).

Cane is produced in tropical and subtropical areas (between the latitudes 33°N 
and 33°S) and it is perennial plant, while sugar beet grows in a humus rich and well-
drained soil in the temperate areas. Unlike sugar cane, sugar beet is a biennial plant 
which in turn means it requires annual sowing costs which then increases the costs of 
production (Czarnikow Sugar 2011/12 database). Given the agricultural prerequisites, 
sugar cane and sugar beet are not switchable from one to another on the same soil. 
The only way is to specialize in some other culture and import the other which yields 
less profi t per hectare. It is the principle of the Ricardian theory of international 
trade. Furthermore, the transportation costs of the sugar cane and sugar beet dictate 
that the sugar factories are built near the commodity growing areas.

This paper will examine several aspects of sugar production; fi rst, the microe-
conomic effi ciency of the choice of inputs for sugar production will be examined; 
secondly, the possible alternative uses for potentially vacated land in European Union 
will be discussed; fi nally, the effi ciency of the sugar beet production in Croatia will 
be discussed, with respect to the revenues per hectare and metric tons per hectare.

Sugar Production Optimization

Sugar production is based either on sugar beet or sugar cane. The other inputs, such 
as energy, capital, etc., will be ignored for the time being. Furthermore, sugar cane 
and sugar beet are perfect substitutes. The perfect substitutes production function is 
based on the CES production function:𝑞(𝑥1, 𝑥2) = (𝛼𝑥1𝜌+𝛽𝑥2𝜌)  
with ρ = 1. Hence the perfect substitutes production function is:𝑞(𝑥1, 𝑥2) = 𝛼𝑥1+𝛽𝑥2

If S stands for sugar, C for sugar cane and B for sugar beet, all measured in metric 
tons, the production function is:

1𝜌
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The international price setting standard for sugar cane and sugar beet are set for 

12% sugar content cane and 16% sugar content beet (Dahlia, 2009). Hence α = 0.16 
and β = 0.12 and the fi nal production function is:𝑆(𝐵, 𝐶) = 0.16𝐵+0.12𝐶

Average sugar cane price on the Indian market in 2013 was €29.50. The prices 
in the other sugar cane producing countries were similar. Sugar beet prices varied a 
lot (see Table A3), but these prices do not take into account the subsidies obtained by 
the government. UK secretary for agriculture published the real price of sugar beet: 
63€ per metric ton. 

In the year 2013 the world sugar production was 179 million tons. The problem of 
expenditure minimization then becomes:min𝑇𝐸(𝐵,𝐶) =63𝐵+29.5𝐶
subject to 179∙109=0.16𝐵+0.12𝐶

Since marginal rate of technical substitution is 

  
MRTSBC =

MPB

MPC

=
0.16
0.12

= 1.333  

and the commodity price ratio 63/29.5 = 2.136, there is no interior solution. The 
solution is a corner solution, B = 0 and C = 1.492·109. In other words, the total sugar 
amount produced in 2013 could have been produced with 1.492 billion tons of sugar 
cane.

The production of sugar beet in 2013 was 246 million tons and production of 
sugar cane was 1.164. The commodity costs in 2013 were:𝑇𝐸2013=63∙0.246+29.5∙1.164=€49.84 𝐵𝑖𝑙𝑙.

If only sugar cane were used, the same amount of production would have been 
produced with the following costs (according to the results of the expenditure mini-
mization): 𝑇𝐸′2013=63∙0+29.5∙1.492=€44.01 𝐵𝑖𝑙𝑙.
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Figure 1: Equilibrium in the world production of sugar in 2013

Figure 1 shows the actual (A) and the optimal (B) production point. It would be 
more effi cient if production of sugar beet were stopped and all the sugar produced 
using sugar cane. That shift would cause an 11,7% decrease in costs.

Land Owner’s Revenue Maximization

While sugar can be produced by either sugar cane or sugar beet, the land used for 
their production is not switchable; sugar cane grows on all types of soils in tropical 
and subtropical areas and sugar beet requires a quality soil with good drainage abil-
ity and can grow only in temperate zones. Hence if sugar beet producing countries 
decided to stop its production, it should be brought to some other purpose. However, 
these are vast areas of arable land: almost 2.5 million hectares in the European Union 
only. Croatia had 20 000 hectares planted with sugar beet in 2012 (Table A1). 

Therefore an answer to the question of the land use should be made, but special 
attention should be given to each agricultural product market since such wide areas 
would cause large increase in the world production of certain products  which would 
in turn cause disturbances on the markets, decrease in the profi tability of the other 
cultures and farmers’ discontent. Hence it is hardly likely that the Ricardian theory of 
international trade should be applied in this matter. Economically, consumers would 
be better off, but producers could fi nd it very hard to conform to new conditions. 
Also, the price of sugar produced from sugar cane would probably go up since it is 
mostly controlled by Brazil and India.

The switch from sugar beet to other cultures could be done from on the micro 
level: observing the profi tability of sugar beet across EU, it can be seen that it varies 
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a lot (Table A6). Hence the countries with lower beet productivity could shift its 
production to more profi t-yielding cultures such as fruits and vegetables, which are 
labour-intensive. 

Croatia is big importer of food. The only export of Croatian agriculture are manda-
rins (DZS, 2013). Hence Croatia should increase the number of orchards and vegetable 
production. Since Croatia has many other less-profi table agricultural production and 
big areas of unused land, it should fi rst start by using the unused land and substituting 
the low-revenue grain production. In that case, sugar beet production would remain 
stable in Croatia. This analysis though could be the basis for some future surveys.

The second way of improving land use and profi tability of Croatian agriculture is 
raising the productivity. Croatian farmers are far from the most profi table Dutch sug-
ar beet farmers: while Croatian farmer had an income of 2153€ per hectare of sugar 
beet in 2011, Dutch farmer had 3596€ per hectare (Table A5, Figure 2). 

Figure 2: Average revenue per hectare of sugar beet in 2012 in European Union

Source: Eurostat

In 2012 the difference escalated even more showing that Dutch farmer earned 
more than 4700€ per hectare. One part of the low profi tability is lower price (Neth-
erlands in 2012: 60€, Croatia: 45€) but still sugar industry in Croatia pays more for 
sugar beet than it is the case in majority of the EU (Table A3). The greatest problem 
of Croatian sugar beet production is low yields (Figure 3).

One can see from the Figure 3 that Croatia is much below the EU average yields (100%). 
France reaches the highest yields (always at least 20% better than the EU average).
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Figure 3: Productivity of the sugar beet production compared to the European Union 
average

Source: Eurostat

Conclusion

Sugar production in the world uses sugar cane and sugar beet as prime com-
modities for its production and microeconomically speaking they are perfectly 
substitutable inputs. Although beet has greater content of sugar than cane, sugar 
beet is much more costly than cane and as a result of the microeconomic produc-
tion optimization, only sugar cane should be used for its production. However, the 
soil and the areas used for sugar cane and sugar beet are not interchangeable; while 
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sugar beet grows in northern temperate areas, sugar cane grows in southern tropical 
and subtropical areas.

Europe has large sugar beet production and is almost self-suffi cient in the sugar 
production. If the microeconomic laws were applied, 2,5 million hectares of arable 
land would be available for other agricultural production, but there is a problem of 
fi nding the substitutable cultures to be grown on such vast areas of land. It could 
cause slump in prices of the newly produced cultures goods and cause disturbances 
on majority of agricultural markets. Therefore such decision should take many more 
factors into account before deciding to diminish sugar beet production.

Croatia could substitute the land used for sugar beet production, but there is no 
need for it since it already has vast areas of unused land and grows lots of grain 
which is the least profi table of all agriculture. Secondly, its sugar beet productivity 
is much below the EU average (76% of the EU average in 2012). Therefore the 
revenues per hectare could be increased not only by switching to more profi table 
vegetable and fruit production, but also by the improvement of the sugar beet pro-
duction process.
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