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1. Challenges
Thermal waste treatment plants prevent uncontrolled waste disposal as well as the
uncontrolled incineration and the formation of exponential dangerous greenhouse
gas emissions created by landfills (Figure 1).
To ensure and secure a clean environment for the future, due to globally rising waste
generation, the role of thermal treatment has to be one key element.

Figure 1:

Source:

Alternatives to thermal waste treatment: plastic pollution at the Red Sea coast one of the
highest biodiverse maritime ecosystem, metal recycling by uncontrolled incineration
in Agbogbloshie, landfilling producing methane emissions

Public images with courtesy to wikipedia

From a total of more than 392 million tonnes of waste is approximate 11 % (46 million
tonnes) treated in waste treatment plants in EU-28 [2]. The sale of the generated electricity and heat represents a fundamental cornerstone in the economic management
for the operators of their plants. With the cost-covering production can additional
waste disposal fees for households, municipalities, the industry and trade be avoided
or at least mitigated.
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Initiated by the political position to establish volatile power plants namely from photovoltaic and wind [12], plant operators face volatile electricity prices [11]. At the same
time, the requirements of power grid operators for flexible power feed-in are clearly
increasing [4], which is in contradiction to the continuity-oriented combustion process
of waste treatment. The conflict dramatically worsens in the future. The analysis of real
plant data clearly shows that the operators have less time to sell electricity profitable,
even when the average electricity price remains constant (Figure 2).
Furthermore, the concrete measures of the public and corporate climate policies intensify the prevention of CO2 emissions. The European Emission Trading System applies
for waste treatment plants in Denmark, Sweden and partly Norway already today. The
Netherlands adopt branch targets to capture and utilize CO2 emissions of waste. In
Germany there are sector targets for the waste management under discussion to cut by
law 4 million tonnes out of annual 10 million tonnes greenhouse gas (GHG) emissions
by 2030. Throughout Europe and by means of the Paris Climate Agreement worldwide
are necessary programs under construction.
Besides the prevention of methane emissions from wastes as implemented by thermal
waste treatment plants becomes the reduction of carbon dioxide the major challenge
of the branch in long-term.
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Feed-in of electricity and sorted power price of an example thermal waste treatment
plant, year 2017 (red line), mid-term prediction (blue line)
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Thermal waste treatment plants are committed to the environmental responsibility of
society. Therefore, waste is being disposed of safely and materials are recovered and
reused as much as possible. The target to recycle 65 % of municipal solid waste in the
year 2030 [8] is a chance for the thermal waste treatment whose importance has to
increase as part of the circular economy.

2. New paths of added value for operators by methanol

If one looks at the individual material flows generated, it becomes evident that in
addition to electricity and heat, carbon dioxide (CO2) is also formed in the flue gas.
In recent years, carbon dioxide changed more and more from a climate polluter to an
important raw material, which can be tied up in new material cycles.
The use of this raw material as a carbon source in a bulk chemical, which is then
recycled, increases the carbon recycling rate of the entire waste management system.
After receipt of mixed waste with organic and inorganic carbon, the incineration has to
be understood as a unit which separates carbon from waste as an exothermal process.
Self-generated electricity runs electrolysis to provide pure hydrogen (H2) and oxygen
(O2). A CO2 capture unit supplies pure CO2 from the flue gas. This pure syngas of
CO2/H2 get fed into the methanol synthesis.
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The market-driven implementation of this demand requires new alternative added value
paths. This challenge has been taken up by bse Engineering Leipzig GmbH (BSE) who
has developed a holistic solution together with specialized partners.
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Raw methanol (methanol + water) will optionally be purified with a distillation unit to
the required quality e.g. global IMPCA standard. Methanol (CH3OH) is the simplified
representative of the alcohol group and used in different sectors and as one of the five
organic bulk chemicals for the industry.
Since 1923, the catalytic production of methanol is well-known by BASF and is successfully operated worldwide.
In the synthesis of methanol, three chemical reactions take place simultaneously:
CO2 + 3 H2 ←→ CH3OH + H2O

(1)

CO + 2 H2 ←→ CH3OH

(3)

Waste Incineration

CO2 + H2 ←→ CO + H2O

(2)

The synthesis gas which is not converted to methanol in one loop gets feedback to
the reactor via a cycle gas compressor after condensation of the raw methanol. This
establishes a stoichiometric balance of CO/CO2/H2 that is identical to all methanol
plants worldwide.
The re-circulation of the gas ensures a more than 95 % conversion of the carbon dioxide. This reaction can be reliably operated even with a fluctuating supply of hydrogen
[5]. The hydrogen is provided by electrolysis. When electricity from the generator of
the thermal waste treatment plant is demanded by the power grid, the electrolysis is
throttled and the added value of the electricity is regenerated in the electricity market.
The required carbon dioxide is supplied from flue gas of the thermal waste treatment by
amine scrubbing on demand for the methanol synthesis. This reduces CO2 emissions
by up to 15 % and increases the carbon recycling rate of up to 15 % since the generated
methanol is returned in the product cycle.
The local utilization of available resources from waste is a chance for re-industrialization
in the global methanol market where the EU becomes a minor player in the classical
production from fossil resources. The global trade flow of methanol from natural gas
is dominating by the USA and China.
In addition to the usage as bulk chemical [3], the versatile methanol has a new premium
market. The biogenic fraction of municipal waste is counted as feedstock for biofuel
under the existing EU regulation [7]. After 2020 also the remaining non-renewable
fraction is able to be accounted for in the premium transport fuel market [9].
In addition to significant economic advantages for the thermal waste treatment plant
with interconnected methanol plant (Waste to Energy plant, WtE), there are also positive technical effects and solutions for future-proof operation:
• Own production of fuel for auxiliary co-firing
• High purity oxygen as the end product of electrolysis (e.g. use in combustion to
increase the waste throughput)
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• Participation in the balancing market through the provision of flexible power capacities while the main process runs continuously
• Creation of synergies at the site, for example by heat recovery (exothermic reaction
of the process synthesis and low temperature of the electrolysis for pre-heating of
waste or district heating)

The core competency of BSE is the process design of the methanol synthesis unit on
basis of the kinetics of a tailor-made BASF catalyst [1] as well as the engineering of the
methanol plant including integration and optimization to the WtE plant. Together with
market leaders for the single process steps the company has secured the implementation
with industrial available equipment [6].

Figure 4 :
3D model 10 MWel methanol
synthesis (FlexSynthesis), reactor
is highlighted

Already today it is possible to address the challenges of the branch with economic measures and create the re-use of carbon-containing materials as new industrial symbiosis.
This is possible since methanol is an indispensable material in modern society which
is used in many products of daily life. By recycling of carbon-rich streams receive the
processing industry for the first time the perspective to large volumes of sustainable
alternatives to fossil resources. The steady increasing recycling rate will be an extra
chance for WtE plants that recover carbon via the methanol technology if chemical
recycling is in place.
Standard module FlexMethanol 10 MW
Waste incinerators consist of state-of-the-art utilities since the 1880s that have been
fine-tuned according to most restrictive and modern pollution prevention regulations
in the EU. It becomes clear that the carbon capture and utilization process must be as
well state of the art with industrial available equipment.
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FlexMethanol consists of package units of the main processes from Aker Solutions ASA,
state-of-the-art reactor manufacturer, state-of-the-art pressure alkaline electrolyzer
supplier and Sulzer Chemtech AG. The nameplate capacity is based on the connected
load to the electrolysis of 10 MWel which produces an approximate 1 t/h methanol in
IMPCA quality. Based on the electrical energy used in the electrolysis and stored in
methanol produced chemical energy, the methanol plant has an efficiency of 55 %. From
1.82 MWh of electricity, an equivalent of 1 MWh (lower heating) are stored as methanol.
The synthesis is an exothermal process. The waste heat can be used in further process
steps. The individual operating units and external units are thermally interconnected
which increases the overall efficiency of FlexMethanol up to 74 %.
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Synthesis

Oxygen

Figure 5:
Raw Methanol

Flexible units in the methanol
synthesis

One major requirement of the process is being able to operate for the Frequency Control
Market (PRL). This is based on two assumptions:
• The revenues of the PRL cover the technical depreciation of non-productive times
• The analysis of the historical frequency-based operation in zones with high shares
of renewable energy proved a full-load availability of almost 300 days per year for
the negative side of the battery (electrolysis + methanol synthesis)
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This is reason enough to look closer into the flexibilization concept. Only the power
consumption and together with the inline methanol production needs to be flexible.
The plant consists of two interconnected operating units, which are of interest in the
qualification for any power control market, which is the
• electrolysis
• methanol synthesis.
The other parts of the system
• CO2 capture
are of minor importance for the use of the methanol plant in the power control market.
Electrolysis
Alkaline water electrolysis as a long-practiced process in the industry is the cornerstone of the production of chemical energy storages or basic chemicals. It is technically
mature and can be operated under moderate conditions. With the help of electrical
energy, H2 and O2 are produced:
2 H2O → 2 H2 + O2

(4)

In alkaline electrolysis, an alkaline solution of demineralized water and potassium
hydroxide (KOH) is used as the electrolyte. Larger systems are modular in design,
whereby the individual modules can be operated independently. This increases redundancy and flexibility. Each module can be operated in the power range between 10
and 120 %. Typical process parameters are a temperature of 50 to 80 °C and pressures
of up to 40 bar.
This system concept ensures the required characteristic data under the condition of
the necessary number of operating hours. Nevertheless, the concept of the methanol
plant is designed in such a way that, depending on the start-up concept, the plant is in
a short-term capable of processing power increases as described below.
Since a complete start-up from cold standby is not possible within 30 seconds, a hot
standby is defined for the individual operating units, in which they remain until switched to full-load operation (electrical power transformation = 100 %). This hot standby
is defined for the electrolysis at a temperature of 40 °C and a pressure of 40 bar. The
minimum power consumption corresponds to 10 % of the power at full load. Here a
short-term overload of 120 % is possible.
The electrochemical processes in the modules react almost instantaneously to changes
in the supplied electrical power. The possible power increase is about 10 % per second.
The complete load shedding is guaranteed within 5 seconds. The supply of demineralized water is secured by a storage tank.
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High flexible methanol synthesis (FlexSynthesis)
The core of the methanol plant is the operating unit for methanol synthesis. This consists
essentially of the gas compression, the methanol reactor, and the product condenser. In
the gas compression, supplied gas is compressed to operating pressure. In the reactor
occurs the conversion of the synthesis gas. In the product condenser, the product is
separated from unreacted synthesis gas.

Waste Incineration

The reactor is operated at a temperature of 235 ° C and a pressure of 40 to 80 bar. In
these conditions, 14 to 30 % of the gas is converted per cycle.
The synthesis gas flows through the catalyst (Cu/ZnO/Al2O3) filled reactor. The product
gas that is produced in this way consists mainly of the products methanol and water
and unreacted synthesis gas. The entire gas stream is cooled in a condenser so far that
methanol and water condense and are separated from the stream. By-products such
as ethanol are also condensed out. The remaining gas is fed to a cycle gas compressor,
in which occurring pressure losses are compensated. This unreacted synthesis gas is
mixed with fresh gas and recirculated to the reactor. This ensures that the entire fresh
gas is completely converted.
The methanol synthesis is coupled via the supply of hydrogen with the electrolysis,
whereby the flexibility is to be secured to the same extent as in the electrolysis.
The recycle gas loop of the methanol synthesis ensures that the system responds quickly
to changes. The flexibility of the process is given by the variability of the conversion by
pressure and temperature.
Also for the methanol synthesis, a hot
standby is to be defined. This lower partload limit is defined on the one hand by
the application limits of the compressor
and on the other hand by the maintenance of the methanol synthesis without
the additional use of external energy. The
exothermicity of the reaction is sufficiently high even during the partial load
operation that the temperature level can
be maintained in all process stages. The lower partial load limit amounts to approx.
10 % of the nominal fresh gas quantity in
accordance with these boundary conditions. In addition, all system components
are dimensioned accordingly, that even
an additional amount to the nameplate
capacity of 20 % can be processed.
Figure 6:
Source:
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Just catch model 10 by Aker Solutions

Aker Solutions ASA

The operational capability of the compressors is guaranteed by a bypass.
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CO2 capture via amin scrubbing
To supply the methanol synthesis with CO2, a separate CO2 capture can be provided.
This requires the presence of a CO2 source (such as flue gas). The separation of the
CO2 from flue gas takes place by means of amine scrubbing. The amine scrubber was
developed for the large-scale capture of CO2 from flue gas (Carbon Dioxide Capture
and Storage, CCS) as well as from biogas with the goal of maximized CO2 capture.

This CO2 capture, unlike CCS, is aimed at the on-demand provision of pure CO2. To
increase flexibility or to reduce the steam demand, several prefabricated modules can be
used. The CO2 separation is hardly flexible as a thermal process and must be operated
at a partial load of at least 50 %.
Distillation for best methanol quality
The purpose of the distillation is the purification of the raw methanol, which is produced in the methanol synthesis. For this, the methanol must be separated from water
and longer-chain hydrocarbons. For this purpose, a distillation applies. This can be
done in several stages:
1. Separation of dissolved gases and low-boiling components
2. Methanol Separation
3. Separation of water and high boilers
This system configuration also corresponds to the state of the art. As a further thermal
process, the distillation can be operated in the load range of 50 to 100 %. In order to
ensure the flexible upstream processes, the distillation is preceded by a buffer tank in
which the raw methanol is temporarily stored.
Flexible methanol offtake – Facing traditional markets with sector coupling
The individual offtake contract secures that the thermal waste treatment achieves a
basic compensation that is higher than the marketing of the electricity via the power
grid. To ensure an economic production there must be a triggering price for the production fixed that is above the power price. The purchaser of the methanol from the
waste treatment plant stems from the transport fuel market to secure the highest prices.
Methanol is used for the production of Methyl tert-butyl ether (MTBE) that is an
indispensable component of gasoline. MTBE is added to gasoline and therefore does
methanol not compete with other GHG-reducing fuels like ethanol. Therefore, a unique
market situation for methanol exists as a fuel component as well as a perspective as a
sustainable chemical.
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The core of CO2 capture consists of absorption and a desorption column. In the absorption column, a washing solution is passed in counter flow against the flue gas. It only
absorbs CO2. The loaded solution is fed to the desorption column, where the bound
CO2 is boiled out (desorbed) and fed to the methanol synthesis.
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Figure 7:

Additional revenue of methanol production

Additional to the existing fuel standards (that utilize methanol) gains methanol a new
context as a transport fuel for the sector coupling. Methanol got into the focus of the
projects MEEMO (Methanol from renewable Energy for Mobility with Plugin-Hybrid
vehicles, funded by the Federal Ministry of Economic Affairs and Energy by decision of
the Parliament of the Federal Republic of Germany; Support Code: 19I18007) and C3Mobility (Closed Carbon Cycle Mobility - Climate Neutral Fuels for Future Transport)
as power-based fuel and as starting point for synthetic fuels. Goal of the MEEMO Project that is lead by Daimler AG, is to evaluate methanol as high blend fuel (e.g. M100).
As Sector coupling describes the Federal German Ministry of Economic Affairs and Economy:
The electricity supply serves the demand for energy in households (heat and cold) and transport
(drive and side units), as well as in industry and commerce/trade/services (heat, cold and transport).
Sector coupling contributes to the goals of the energy transition when energy from renewable
sources is used in an energy-efficient manner, thereby replacing fossil fuels. [10]

The value of methanol ranges depending on the Greenhouse gas saving as biofuel, the
target market, and location. In the representational WtE plant amounts the biogenic
feedstock 53 %, so that the corresponding charges of methanol are biofuel. The remaining amount is low carbon methanol for chemical applications or rather recycled carbon
fuel. This depends on the implementation of the EU Directives on the member state
level which will apply from 2021 on. Based on default values of biomethanol revenues
at the generator get secured with a price of approximate 83 EUR/MWh (Figure 7).
338

Methanol Production at Waste to Energy Plants

27

Formaldehyde
18

MTO
Gasoline Blending

9

Acetic Acid

9

DME

8

MTBE / TAME

8

Others

7
4

Methylamines

3

Biodiesel

3

Chloromethanes

2

MMA

2
0

Figure 8:

5

Waste Incineration

Solvents

10

15
methanol usage

20

25

30

%

Methanol usage, red bar = transport fuel use

Sources: Own illustration and Nash; 2016; Methanol: Some Key Questions Answered; World Methanol Conference; Budapest

Special characteristics of the plant:
• mild process conditions of the methanol synthesis (40 bar, 240 °C)
• cost reduction by reduced weight of the reactor
• use of pure gases
• no hydrogen compression
• no hydrogen storage required
• conversion of inlet CO2 into a product
• no costly water-gas shift reactor
• skid-mounted and pre-fabricated units
• proven catalyst from BASF
• no tars, no waste from the plant
• use of biodegradable amines
• equipment and package units from global leaders
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4. Conclusion
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The CO2 to methanol technology is a mature solution for the thermal waste treatment
branch to current and future challenges by the utilization of self-generated energy
and flue gas. The power market-led flexible operation of the methanol plant leads to a
significant increase in technical and economic flexibility of thermal waste treatment
plants. With help of the flexible methanol production, operators can cover their costs in
a long-term perspective. By use of the efficient CO2 on demand technology a sustainable
greenhouse gas reduction takes place. Additional to that a recycling product is generated. As a rule of thumb, 15 % of CO2 emissions get cleared by use of the own electrical
generator potential. The recycling rate of carbon is increased by the same amount.
By providing short-term reserve capacities, it is possible to avoid forced shutdowns
by the grid operator as well as unfavourable compensation of power price by feed-in
to the grid.
In the consequence the WtE plant utilizes the majority of the own produced energy.
This concept defines flexibility new as system efficiency by which the power grid gets
deblocked from fossil-fuel power. This maximizes the transfer of (volatile) renewable
electricity in the grid. The thermal waste treatment plant becomes a multi-output plant
that diversifies its revenues by:
• flexible power supply to the mains,
• optionally frequency services (generator and methanol as a battery) and
• thermal recycling to provide carbon containing materials.
The engineering of the flexible methanol plant on basis of the BASF CO2 to methanol
catalyst is provided by BSE. It can be prefabricated and delivered by the leading companies of the individual process steps.
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