
Klaus Baernthaler, ANDRITZ, outlines the development of the 
European cement industry’s first pilot CCUS plant.

T
he chemical processes 
involved in the 
production of cement 
make it one of the 

world’s most significant 
sources of carbon dioxide 
(CO2) emissions. According 
to a 2021 report published by 
Imperial College, every tonne 

of clinker emits up to around 
0.6 tonnes of CO2 during 
the calcination process.1 
In fact, the Global Cement 
and Concrete Association 
(GCCA)reports that the 
cement industry contributes 
around 7 – 8% of global 
man-made CO2 emissions.2 

That puts cement ahead of the 
aviation industry, and beyond 
the emissions of any individual 
country, other than China or 
the US.

Clearly, curbing CO2 
emissions from cement 
production will make a 
crucial difference in helping 



the world achieve its net zero objectives to 
limit global warming. There are possibilities 
to make reductions along the value chain, for 
example by replacing fossil fuels with renewable 
energy and green hydrogen, developing more 
energy-efficient kilns, and introducing innovative 
low-clinker cements. However, these measures 
cannot eliminate CO2 emissions completely. This 
is because a large proportion of CO2 emissions 
result from the calcium carbonate (CaCO3) 
contained in the clinker, which reacts to form 
calcium oxide (CaO) and releases CO2 into the 
atmosphere. So, there is a significant gap that 
will have to be addressed by carbon capture 
and storage (CCS) technology. 

The challenge is that CCS is still in its infancy, 
especially within the cement industry. According 
to the cement tracking report published by the 
International Energy Agency (IEA) in September 
2022, only around 0.1 megatonne (Mt) of 
cement emissions are being captured today.3 
That means CCS deployment must increase 
drastically within this decade, and must be 
capable of capturing almost 180 Mt in 2030. 

Rohrdorfer Zement pioneers carbon 
capture in Germany
One cement manufacturer that is rising to the 
CCS challenge is Rohrdorfer Zement which 
produces high-grade building materials to cover 
regional demand at sites in Germany, Austria, 
Italy, and Hungary. The company has already 
taken a pioneering approach to achieving 
CO2-neutral production. For example, it was 
among the first to use a scrubbed gas catalytic 

converter for denitrification (removal of NOx 
– nitrogen oxide and nitrogen dioxide) from 
kiln emissions and, with the aid of a power 
station, to convert the waste heat from cement 
production into electricity.

The Rohrdorf site in Bavaria, Germany 
has already seen major developments in 
decarbonisation. In 2022 it was producing 
cement with 45% less CO2 than in 1990. This 
was achieved by optimising cement types and 
fuel use. The aim is to achieve a reduction of 
65% by 2030. The remaining 35% can only be 
reduced by capture. 

Under its own initiative, Rohrdorfer has 
invested around €3 million in Europe’s first 
carbon capture facility for the cement industry. 
This pilot plant has been developed with 
ANDRITZ as the engineering, procurement, 
and construction (EPC) contractor. Driven by 
innovation and technology, ANDRITZ supports 
sustainable solutions that extend well beyond 
the scope of carbon capture. The plant, which 
started operation in the fall of 2022, is now 
capturing 2 tpd of CO2, which is being used as 
a valuable commodity by the chemical industry 
in the region. 

There are two main drivers for Rohrdorfer’s 
investment in the carbon capture pilot, as 
Helmut Leibinger, head of the company’s net 
zero emissions team explains:

“Currently, we enjoy free status under the 
emission trade system (ETS). That means we 
have a free allocation of certificates for the 
carbon dioxide we leak into the atmosphere. 
But this is being phased out, so it will be 

Figure 1. Europe’s first carbon capture plant in the cement industry is now operating at Rohrdorfer 
Zement’s Rohrdorf site near Rosenheim in Germany. Copyright: Rohrdorfer (plant) and Myrzik und 
Jarisch (tower).
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prohibitively expensive for this to continue. 
Our aim therefore, is to find a way to 
decarbonise our production by 2038. We saw 
the potential for carbon capture from ANDRITZ’s 
previous experience in other industries, but 
we were not yet ready for a full-scale project, 
especially as we felt that we couldn’t just ‘copy 
and paste’ from, say, the oil and gas industry. 
We needed to carry out a proof of concept to 
verify the technical, qualitative, and economic 
conditions for CO2 capture and conversion in 
the cement industry.”

“Furthermore, our industry needs to start 
seeing the potential of carbon dioxide as a 
valuable asset rather than a problem that has to 
be disposed of. This project is demonstrating 
how it can be transformed into methanol, 
ethylene, or formic acid, becoming a starting 
material for many products that are currently 
derived from petrochemicals.” 

Amine-based carbon capture
Rohrdorfer Zement’s pilot plant is based on a 
liquid amine process that ANDRTIZ currently 
regards as the most mature and commercially 
viable approach for a large-scale plant. It uses 
amines – an organic compound derived from 
ammonia (NH3) – to ‘scrub’ the CO2 from the 
flue gas. At lower temperatures the amines bind 
to CO2 and absorb it. When heated they desorb 
it, yielding close to pure carbon dioxide.

This process offers the combination of both 
a high removal rate – up to 95% is a good 

practical value, and a high purity CO2 product – 
up to 99% without purification.

ANDRITZ has conducted extensive testing and 
further tests are planned to optimise the process 
for application in both cement plants and other 
types of industrial facilities. 

The aim of this programme is to obtain all 
the necessary information to design an amine 
process that is best suited for the cement 
industry.

There are alternative technologies under 
development, such as dry membrane 
technology. However, this only offers a clear 
advantage at moderate CO2 efficiencies typically 
between 50 and 70% with a product purity of 
around 95%.

Figure 2 shows a schematic of the carbon 
capture process at the Rohrdorf site. 

The process begins at stage 1 with the 
emission source. Following denitrification 
(NOx), desulfurisation (SO2) and dedusting 
(particulates) in the pre-scrubber (2), the 
exhaust gas from the cement kiln is cooled and 
transferred to the CO2 capture unit.

In the absorption unit (3), the CO2 is removed 
from the flue gas at 40˚C by the scrubbing 
liquid. To speed up the process, the absorber 
contains internal elements that enhance 
absorption.

At this point, the gas, from which the CO2 
has largely been removed, is discharged into 
the environment. It is now mainly comprised of 
nitrogen (N2), oxygen (O2), and steam (H2O).

Figure 2. Schematic of the amine-based carbon capture process developed by ANDRITZ. 
Copyright: ANDRITZ.
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The main heat exchanger (5) heats the enriched 
scrubbing liquid and cools down the lean liquid.

In the desorption unit (4), the CO2 is released 
from the scrubbing liquid with steam heated 
above 120˚C. 

At the Rosenheim site the released carbon 
dioxide is then compressed and filled into gas 
bottles.

The pilot plant has been designed for a CO2 
capture rate of more than 2 tpd. The two largest 
elements are the absorption unit, 17.8 m high, 
and the desorption unit, 12.4 m high. The plant 
can treat around 250 Nm3/hr (normal m3/hr) of 
flue gas. After drying and purification, the CO2 is 
compressed at 60 – 80 bar and pumped into gas 
bottles.

Other resources required for the plant 
are electrical power and cooling water. One 
interesting additional challenge during the project 
was the need to construct a dedicated cooling 
plant due to the lack of cooling water. Overall, 
the plant consumes around 140 kW, including the 
power consumption of the CO2 compressor and 
the chiller to produce the cooling water. 

Since the pilot plant started operation in the 
fall of 2022 it has been subjected to testing and 
optimisation of the various elements to ensure 
that it can deliver high-quality CO2 on a safe and 
consistent basis. 

The gas produced is close to food-grade. This 
opens up future possibilities for Rohrdorfer to 
supply the food and beverage industry, such as 
for the carbonisation of drinks.

One focus for optimisation is the amine solution 
which is ANDRTIZ’s ‘secret sauce’ for the 
process. Modifying the composition can enhance 
both the energy efficiency of the plant and the 
longevity of the solution.

Producing formic acid from captured 
CO2
Once the CO2 capture process had been 
sufficiently tested, Rohrdorfer’s engineers and 
designers expanded the plant to produce formic 
acid, a versatile chemical. Since 2021, they 
had perfected this process in the company’s 
own laboratory to be optimally equipped for 
production in the pilot plant. Around 1800 l of 
formic acid can be obtained from the 2 t of CO2 
captured per day. This is supplied to chemical 
plants in the region, for example, and serves as 
the basis for products such as cleaning agents, 
disinfectants, or de-icing agents. Furthermore, 
formic acid can be used as a reagent to activate 
cements with a low clinker content. 

Infrastructure is key to the future 
expansion of carbon capture
The pilot plant is expected to run for the next 
two to three years to refine and optimise the 

process and examine its long-term stability. 
The next expansion stage of the facility will 
capture 48 tpd. Ultimately, the plan is to recover 
1500 tpd – the total CO2 emissions of the site’s 
cement production. However, this will present 
infrastructure challenges as Helmut Leibinger 
says:

“The crucial factor in the expansion of our 
facility is the maximum amount of energy 
available for the scrubbing process. We 
anticipate that the full-size plant will double 
or even treble the site’s load on the local grid 
supply. That is why we are working very hard 
to make this process more and more efficient 
with the aid of heat pumps and heat recovery, as 
well as by purchasing electricity from renewable 
sources in the future. This increased demand 
for electricity requires a rapid expansion of 
the grid, which is a general prerequisite for 
the decarbonisation of the industry. We see 
the provision of this infrastructure as the 
responsibility of the public sector. 

“There is also the question of how we store 
and transport the huge amount of CO2 we would 
be capturing. This is a concern not only for us 
but for the whole industry, as the technology 
rolls out to sites across Europe. Making the 
CO2 available for industrial use will require 
major new pipelines to be constructed. But that 
is a challenge that can only be addressed at 
government level.”

Ready for the ‘moonshot’
Planning for the cement industry to achieve net 
zero might seem like something of a ‘moonshot’ 
programme right now. However, the success 
of this pilot project shows that the technology 
is available now to capture carbon dioxide 
effectively. Even better it can be put to good use 
by industry. In essence, the time is right to stop 
thinking of carbon emissions as a burden, but 
rather to embrace them as a valuable resource. 
Together with its customers like Rohrdorfer, 
ANDRITZ is stepping up its activities to use 
technologies to reduce CO2 emissions. All the 
potential solutions feature highly efficient and 
well-integrated energy cycles, especially for 
industrial customers, as well as the delivery of 
the CO2 at the required purity and pressure for 
future commercial use. 
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