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SOLINDARITY is an EU-funded project with the aim to develop and demon-
strate the feasibility of an integrated Solar Energy-based Heat Upgrade Sys-
tem (SEHUS) for the deep decarbonisation of industrial processes with temper-
atures up to 280°C.

SEHUS combines High Vacuum Flat Solar Panels (HVFPs), High-Perfor-
mance Photovoltaic Panels (PV), a novel High-Temperature Heat Pump (HTHP),
Thermal Energy Storage (TES) and Waste Heat Recovery (WHR).

The system is being validated across three industrial sectors, food and bever-
age, pulp and paper, and rubber and plastics, located in different European cli-
mates in Germany, Greece and Italy.

The pulp and paper industry is highly energy-intensive, particularly du
ing the drying phase of production.

The SOLINDARITY pilot site for the pulp and paper sector is located at Ko-
motini Paper Mill, in Greece, a producer of tissue paper rolls.

In tissue manufacturing, mechanical dewatering initially increases the dry sol-
ids content of the paper sheet to around 40-50% and the remaining moisture
must be removed through thermal processes to reach 92-95% dryness. This
drying is typically achieved using a Yankee dryer, which operates with satu-
rated steam at approximately 8 bars, or a high-velocity impingement hood
that blows hot air at 190-200°C.
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These processes require a continuous supply of high-temperature heat. At
the Komotini site, this demand is mainly covered by biomass, while a fuel-oll
boiler is used only as backup for approximately 2-3 production days per month,
for example during biomass boiler cleaning. Therefore, the main opportunity is
to further increase renewable heat utilisation, improve efficiency, and reduce
relionce on backup fossil-fuel operation. They are also exposed to rising energy
prices and carbon costs, while facing increasing regulatory pressure under EU
decarbonisation targets. As a result, the sector needs reliable alternatives co-
pable of delivering medium-grade heat in the range of 150-280°C without
compromising process stability.

Figure 1. Pictures of the demo site located in the industrial area of Komotini, in North Eastern Greece.

3. How the SEHUS can optimize the
Pulp & Paper sector?

SEHUS addresses the drying process challenge directly by:
e Providing renewable medium-temperature heat, since the solar ther-
mal panels generate pressurised hot water up to 150°C.

e Upgrading temperature via HTPT. The reverse Brayton high-tempera-
ture heat pump can elevate temperatures up to 320°C, enabling supply
of process heat up to 185°C.
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e Integrating waste heatrecovery. Recovering and upgrading waste heat
from the process improves overall energy efficiency.

e Enhancing system flexibility. Thermal energy storage allows better load
management and reduced dependence on fossil-based backup sys-
tems.

e Supporting electrification. The PV panels provide electricity to power the
HTHP and reduce grid dependency.

The integration of SEHUS in pulp and paper processes offers a combination of
environmental, economic and strategic advantages.

In terms of emission reductions, the system enables a significant decrease in
fossil fuel consumption in high-temperature drying processes, leading to lower
CO, emissions and supporting compliance with the EU Emissions Trading Sys-
tem (ETS) as well as corporate climate targets.

From an energy cost perspective, the use of renewable energy sources and
improved system efficiency helps reduce exposure to volatile fuel prices while
enhancing long-term cost predictability.

SEHUS also contributes to operational efficiency by optimising heat integration
within the plant and increasing overall system performance through the recov-
ery and reuse of waste heat.
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Finally, adopting such an integrated solution supports industrial innovation,
positioning early adopters as sustainability leaders, strengthening EU indus-
trial competitiveness and aligning operations with broader EU climate and in-
dustrial strategies.

For the KOMOTINI paper mill, the preliminary design and simulation work fo-
cused on integrating the SEHUS system into the drying process while maintain-
ing stable operation at the required hood temperature (~195°C).

Initial simulations showed that direct integration of the high-temperature heat
pump (HTHP) into the drying air stream could lead to temperature fluctuations.
For this reason, the system was reconfigured, and the HTHP is now used to pre-
heat the boiler feedwater, allowing stable process operation while still reaching
the required temperature levels.

The system configuration was optimised through dynamic simulations, leading
to a thermal capacity of 400 kW, combined with a 15 m?®thermal energy storage
(TES) system. This setup enables improved utilisation of solar energy and sup-
ports operation beyond daylight hours, particularly under summer conditions.

From a performance perspective, the HTHP is expected to operate with a coef-
ficient of performance (COP) of approximately 1.66 during summer conditions
and 1.47 during winter operation, while maintaining stable heat supply to the
process.

In addition, simulations indicate that the system can deliver more than 7 hours
of solar-driven heat in summer and more than 5 hours in winter, demonstrat-
ing its capability to significantly contribute to the thermal demand of the pro-
cess.
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The integration of waste heat recovery (WHR) from the flue gas stream further
enhances system performance, as the recovered heat is used to preheat the
feedwater prior to the HTHP.

Overall, the selected configuration demonstrates that the SEHUS concept can
be integrated in a stable and efficient way, delivering high-temperature heat
while increasing renewable energy utilisation and reducing dependence on
conventional fuels and reduce reliance on conventional fuel-based heating.

The KOMOTINI case demonstrates the potential of SEHUS as a robust and
adaptable solution for decarbonising energy-intensive processes in the
pulp and paper sector.
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