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CO2-neutral sugar factory, in affordable steps*

CO2-neutrale Zuckerfabrik – in lösbaren Schritten

Kasper Gehl Larsen, Arne Sloth Jensen

1	 Introduction

Sugar factories that are emitting thousands of t CO2 do not 
have a future. Politicians and consumers do not find this 
acceptable. If the beet sugar factory is to be CO2 neutral, it is 
difficult not to see that beet pulp has to be sacrificed, unless 
you go 100% electrical with CO2 neutral power. Beet pulp is a 
feed for animals, so no matter how the beet pulp is used for 
energy production, do it in the most efficient way. Recently 
the rise in gas prices due to the Russian/Ukrainian war is also a 
sign of why sugar factories should utilize the pulp themselves, 
so that they can be independent of highly fluctuating gas 
prices. (CO2 emissions from the lime kiln are needed for juice 
purification, so lime kilns and other smaller CO2 emitters on 
the sugar factory are not considered here). 
There is increasing pressure from the political side to reduce or 
eliminate CO2 emissions. In accordance with the Paris Agree-
ment, several countries are obliged to reduce CO2 emissions 
considerably. The goal is 100% reduction by 2050. In other 
words, only CO2-neutral energy sources have to be used in the 
future.
Consumers are willing to pay more for products that have 
caused less pollution. 
Companies purchasing sugar will increasingly demand that a 
greenhouse gas protocol be made. These protocols are divided 
into three scopes: 
1.	 Own emissions 
2.	 Emissions from purchased electricity 
3.	 Suppliers’ emissions
As producing beet sugar requires a lot of energy, it is obvious 
that Scope 1 will be high for a sugar factory. If the factory is 
electrified, but only electricity produced with high emissions 
per kWh is available, Scope 2 will increase remotely. 

The first step for a sugar factory to become CO2 neutral is to 
replace the existing drum drier with a steam drier. The cost 
of this is approx. €250 a year per ton of CO2 reduction. In 
this first step, the CO2 emissions of the factory. are reduced 
by approx. 33% The second step is to burn the steam-dried 
sugar beet pulp in the boiler, and the factory will be CO2 neu-
tral, except for the lime kiln. There will be some excess sugar 
beet pulp, depending on the efficiency of the sugar factory. 
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Der erste Schritt für eine Zuckerfabrik, CO2-neutral zu 
werden, ist der Ersatz des vorhandenen Trommeltrockners 
durch einen Dampftrockner. Die Kosten hierfür belaufen 
sich auf ca. 250 € pro Jahr und Tonne CO2-Reduzierung. In 
diesem ersten Schritt werden die CO2-Emissionen der Fabrik 
um ca. 33 % reduziert. In einem zweiten Schritt werden die 
dampfgetrockneten Zuckerrübenschnitzel im Kessel ver-
brannt, und die Fabrik wird mit Ausnahme des Kalkofens 
CO2-neutral. Je nach Effizienz der Zuckerfabrik wird es 
einen gewissen Überschuss an Zuckerrübenschnitzeln geben. 

Schlagwörter: Zuckerfabrik, CO2-Emissionen, Zuckerrüben-
schnitzel, Verdampfungstrockner, Biogas

* Paper presented at the 7th ESST Conference in Reims/France, May 23–25, 2022.

The main problem is that the sugar producer is Scope 3 in 
regard to its clients. Most of the clients are big companies 
with ambitious plans to reduce their CO2 emissions. They 
have already worked a lot with Scope 1 and 2. Soon they will 
demand that the sugar producer start to reduce CO2 emissions 
themselves. 

2	 Is electrification an option?

Electrification is where electrical power replaces the combus-
tion of fuel. The electrical power available to the factory can be 
more or less CO2-neutral. It all depends on how the electrical 
power is produced. Producing power with coal creates more 
CO2 emissions than solar or wind. 
The benefit of electrifying operations is that there are no emis-
sions (locally).
Electrification can be in the form of electric cars, where 1 kWh 
of power will replace the consumption of 3.5 kWh of fuel. For 
home heating there can be installed heat pumps, whereby 
1 kWh of electricity can produce 3 kWh of heat; this will 
replace the consumption of 3 kWh of fuel. Heat pump tech-
nology can be used in the sugar industry as vapor compression 
for juice evaporation. 
If steam drying of pulp is introduced in a sugar factory, the 
factory may lose some power production. The ratio between 
power production losses and heat gain can be as good as 1:20, 
all depending on the current factory setup. It is therefore more 
attractive to install a steam drier for the drying of beet pulp 
than most other options for effective use of power to save fuel. 
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Due to the relationship between the price of electrical power 
and combustible fuel, it is currently difficult to see how to get 
the factory CO2-neutral by electrification alone, without very 
high OPEX.
So, what can be done with the beet pulp to become CO2 neu-
tral? Here are four different cases with a focus on CO2 emis-
sions reduction. Making the factory CO2-neutral in one step 
would be a very big investment, so it is important not to make 
investment projects that later block the next project on the 
way to becoming CO2-neutral. By replacing the drum drier Total emissions: 73,046 t/y Factory total 70,600

220,000 t/y 46,750 t/y Fossil 23,850 t/y Fossil

1.5 kg/FU
4,073 t/y

FU lost in drum dryer: 2,715,556 FU
Slice 1,300,000 t/y 63,816 t/y Barley CO2
Pressed pulp 218,214 t/y 90 % 1.1 kg/FU
PP DS 28 % 150,325 t/y 2,987 t/y
Energy on beet 680 MJ/ton 450,976 GJ 901 g/FU

CO2 Emissions to produce: 2,446 t/y

Dried beet pulp
8,673 t/y

Energy requirement 884,000 GJ 63,816 t/y
Methane requirement 17,000 t/y 90 %
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42,543,704 FU 

17,000 t/y
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Fig. 1: Case 1: Pulp is drum dried and sold as feed

with a steam drier approx. 1/3 of the factory energy consump-
tion will be reduced. Step 2 is to use a CO2 emissions-neutral 
fuel, which could be pulp or perhaps wood pellets. The four 
cases are: 
1.	 Drum dry and sell the pulp
2.	 Steam dry and sell the pulp
3.	 Steam dry and burn the pulp
4.	 Make biogas from the pulp
All four cases were calculated for a 10,000 t/d factory, slicing 
1.2 mn t of beet in 120 days, and producing 220,000 t sugar. 

Fig. 2: Case 2: Pulp is steam dried and sold

Total emissions: 47,942 t/y Factory total 47,942

220,000 t/y 47,942 t/y Fossil

Slice 1,300,000 t/y 67,889 t/y
Pressed pulp 218,214 t/y 90 %
PP DS 28 % 150,325 t/y
Energy on beet 697.345238 MJ/ton Energy consumption: 22,549 GJ

Dried beet pulp

Energy requirement 906,549 GJ 67,889 t/y
Methane requirement 17,434 t/y 90 %

1.50 kg/FU
45,259,259 FU 

17,434 t/y
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Case 1 is business as usual. The boiler and the drum drier are 
using methane, which results in CO2 emissions. As there is a 
loss of pulp dry substance in the drum drier, some cattle feed 
is burned. This feed will have to be produced somewhere else 
by farming. This part contributes to 2446 t CO2 emissions per 
year. The factory total CO2 emissions are 70,600 t/a.
In Case 2 a steam drier is installed. This leads to an increase in 
emissions from the boiler house of 1192 t CO2, while 23,850 t 
CO2 emissions from the drum drier are saved, and as there is 
no loss of dry substance in the steam drier no additional ani-

Total emissions: 47,942 t/y Factory total 47,942

220,000 t/y 47,942 t/y Fossil

Slice 1,300,000 t/y 67,889 t/y
Pressed pulp 218,214 t/y 90 %
PP DS 28 % 150,325 t/y
Energy on beet 697.345238 MJ/ton Energy consumption: 22,549 GJ

Dried beet pulp

Energy requirement 906,549 GJ 67,889 t/y
Methane requirement 17,434 t/y 90 %

1.50 kg/FU
45,259,259 FU 

17,434 t/y
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Dry substance
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mal feed has to be produced by farming. The total CO2 emis-
sions of the factory are reduced from 70,600 t/a to 47,942 t/a. 
This was the easy step, but the factory is not CO2-neutral yet.
In Case 3, the beet pulp is steam dried and 75% of the dried 
pulp is burned in the boilers. Of course, whether the figure 
really is 75% depends on the factory, but at a normal European 
factory around 75% of the energy in the pulp is needed in the 
boilers to supply the factory with 100% of its steam needs. 
This means that only 25% of the pulp is exported to the world 
feed market. The animal feed that is burned in the boilers will 

Fig. 4: Case 4: Biogas is produced from the pulp

Fig. 3: Case 2: Pulp is steam dried and used as fuel
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have to be produced somewhere else by farming. This part con-
tributes to 31,232 t CO2 emissions. The factory is now CO2-
neutral. There is no need for new boilers. Coal-fired boilers can 
be retrofired and, in the case that the factory boiler uses gas, 
new burners can be installed. These new burners can burn the 
gas produced from a hot thermal gasifier at 400 °C. These hot 
thermal gasifiers are available on the market. Another benefit 
of burning beet pulp is the possibility to use wood chips or 
other fuels depending on the prices and availability. In any 
case beet pulp will always be available. 
In Case 4, all pressed pulp is used for biogas production. With 
above mentioned model factory, the biogas plant can produce 
10,662 t methane per year. This is not enough to supply the 
factory with 100% of its steam needs, so additional gas must 
be purchased. Furthermore, as all pulp is used for biogas, all 
the beet pulp has to be replaced by other animal feed on the 
world feed market. There used to be a EU programme  to subsi-
dize biomethane production from beet pulp. In this case, it has 
been about €6.9mn per year. It looks like these subsidies will 
be reduced in the future, especially when the EU realises they 
are subsidising to “burn animal feed at a low temperature” in 
an inefficient manner. At the same time, the model factory 
is emitting 17,430 t CO2 emissions per year, so the goal of 
becoming CO2-neutral is not achieved.
When one compares Case 4, where biogas is produced, with 
Case 3 where the pulp is steam dried and 75% of the pulp is 
burned, it can be seen that biogas can produce approx. 63% of 
the energy needed. 
By steam drying and burning the pulp in the boiler or in a 
thermal gasifier there is enough energy for 133% of the energy 
the factory needs. In other words, if the beet pulp scarified, it 
should steam dried and then burned as this is approx. twice as 
efficient as biogas production. 
In Figure 5 a comparison of the four cases can be seen. The 
CO2 emissions from the factory is the blue colour. The orange 
is external emissions that are the consequences of the factory 
pulp handling. Whether or not the external emissions should 
be included here is debatable, but one reason for includ-
ing them is to make comparisons easier. It does not matter 
whether the CO2 emissions are generated by the factory or 
an external party. Either way, they will contribute to global 
warming. 
Making the investments as shown here from Case 1 to Case 2 
does not block future investments. From Step 2 it will be pos-
sible to go to Step 3 and become CO2-neutral. 

Fig. 5: Comparison of the four cases – CO
2
 emissions per year by process-

ing 1.2 mn t beet

Table 1: Cost of CO2 reduction – wind turbines vs. steam drier vs. ther-
mal gasifier

Wind turbines 
(Project Rød-

sand wind park)

Steam drier Thermal gasifier

Installed MW 207
Investment in €mn 500 12 30
CO2 saving in t/a 700,000 22,658 48,000
Saved CO2 in €/(t · a) 714 530 625
Benefits Fuel saving; no 

dust/VOC
Fuel flexible; 
“cheap”

Until now, no steam drier has been installed with the aim to  
reduce CO2 emissions. Perhaps, steam driers have been used  
for this purpose after the project was approved. The primary 
argument for installing the steam drier in an existing factory 
is the reduction of fuel costs. Payback time has typical been 
two to eight years. A few projects have been installed due to 
the fact that the existing drum drier exceeded the  limits set by 
local authorities for emissions of particles. In new beet sugar 
factories, the steam drier is the preferred option as the mar-
ginal extra cost compared to a drum drier are a good invest-
ment as fuel is saved. Also, at new factories the authorities do 
not always allow installation of new drum driers. 
At the above mentioned sample factory, the CO2 emissions 
reduction going from Case 1 to Case 2 is approx. 22,700 t/a. 
The cost of the project is €12mn, which equals €530/t CO2 
emissions reduction (Table 1). If it had been a coal-fired 
drum drier, the reduction in CO2 emission would have been 
48,000 t/a. 
Many wind turbines have been installed in recent years. As 
an example, between Germany and Denmark, the Rødsand 2 
project has been installed. This is a 207 MW offshore wind 
turbine farm. The price is half a billion euros and it will save 
the emission of 700,000 t CO2 emissions. So, all in all the 
cost is €714/t CO2 emissions reduction (Table 1). The reason 
for building wind turbines is to reduce CO2 emissions from 
conventional power plants; the price per ton is just very high 
compared to a steam drier in a sugar factory. 
In order to become CO2-neutral in moving from Case 2 to Case 
3, a hot thermal gasifier is needed, if the boiler cannot burn 
the steam-dried pulp. Thermal gasifiers are not a new inven-
tion. In a thermal gasifier the fuel is burned with a reduced 
amount of available oxygen. This means instead of complete 
combustion, where the hydrogen and carbon molecules end up 
as CO2 emissions and H2O, most of them end up as CO, H2 or 
other combustible gases in a 400 °C hot gas. This gas must be 
burned right away in the boilers. 
As a future prospect, in the off season sugar factories with 
a gasifier can produce a gas that can be utilised in a metha-
nol reactor. This power-to-X is not relevant today, but might 
become big business in the future. The fuel in the off season 
could be straw, wood chips or other CO2-neutral fuels.
If the amount of oxygen is further reduced then the by-prod-
uct will not be ash alone but also pulp char. This means the ash 
will be black instead of white. This is carbon binding, and it 
may be possible to sell this as carbon credits one day.
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The CO2 emission savings of replacing the fossil fuel in 
going f rom case 2 to case 3 in this sample factory is approx. 
48,000 t/a. With a coal-fired boiler, the saving would be 
approx. 100,000 t/a. 
It is difficult to say exactly what the price of a thermal gasifier 
project would be. There has been a lot of development in this 
field in recent years, and prices are decreasing. The latest price 
estimate is approx. €30mn capital costs corresponding to 
€625/t CO2 reduction, but this is only the capital cost. 
It may be more expensive to use beet pulp as fuel than straw 
or wood chips for example. It is, however, unlikely that wood 
chips and straw will continue to available at low prices in the 
future, as everybody is struggling to find CO2-neutral fuels. 
The important thing is that the factory is self-supplying beet 
pulp and also has fuel flexibility, which makes it possible to 
always use the cheapest fuel and to be CO2- neutral at the 
same time. 

3	 Energy supply security

The price of CO2-neutral fuel in the future will be difficult to 
predict. A lot of companies will compete to obtain this type of 
fuel. Since sugar factories are using very large amounts of fuel, 
changes in the price of fuel have severe consequences, com-
pared to many other industries. The benefit of using beet pulp 
is that it is always available during production. 
When producing biogas, the pulp must be brought to a large 
storage facility (silo) during the three- to four-month cam-
paign. Through the whole year, the biogas plant will consume 
this stored pulp to produce methane gas. The produced gas 
needs to be purified, so it can be pumped into the national gas 
grid. Then during the campaign, the factory uses gas from the 
gas grid. This poses a big risk: Who guarantees that gas will be 
available during the campaign? If there is a major gas shortage, 
private homes have higher priority than a sugar factory. This 
could potentially lead to a campaign where beet must be left  
with the farmers, and no sugar is produced. 

Fig. 6: Integration of the hot thermal gasifier in a sugar factory

4	 Conclusion

As with all other industries, the sugar industry must be CO2 
emissions neutral sooner or later. One has to be careful not 
to make projects now that will later block the factory from 
becoming CO2-neutral. Steam drying and burning the pulp 
has the highest efficiency, which gives security, since pulp is 
always available at the sugar factory during the campaign. A 
dependency on the gas grid poses a big risk in case of ratio-
nalisation of the gas.
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