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Inside a pioneering project: How BASF
turns waste heat into carbon-free steam

BASF Ludwigshafen, Germany

At its Ludwigshafen site in Germany, BASF SE is imple-
menting one of Europe’s most ambitious projects to de-
carbonize industrial process heat. In close collaboration
with GIG Karasek and PILLER Blowers & Compressors,
a large-scale heat pump is being built to convert pre-
viously unused waste heat into carbon-neutral steam.
Beyond reducing up to 100,000 tons of CO- annually, the
project also serves as a scalable international benchmark
for the green transformation of industry.

Carbon-free steam from waste heat:

Large-scale heat pump in action

BASF aims to achieve carbon neutrality by 2045 in
Germany and by 2050 worldwide. A key strategic focus is
the decarbonization of steam generation at its Ludwigs-
hafen site, where approximately 14 million tons of steam
are required annually - for reactors, drying, and sepa-
ration processes, among others. Currently, using fossil
energy for steam production generates around 1.4 million
tons of CO,, accounting for nearly 30% of the site’s total
emissions.

A forward-looking system decision

BASF already covers half of the steam demand at its
Ludwigshafen site through low-carbon heat recovery
from chemical processes. To further decarbonize steam
production, the company evaluated various steam gene-
ration concepts - placing particular emphasis on part-
load capability and system availability.

The innovative CompriVAP heat pump system from
GIG Karasek, combined with high-performance
VapolLine® radial compressors from PILLER at the core
of the setup, proved to be the optimal solution for that
project. Specifically designed for industrial steam pro-
cesses, the system is being deployed at this scale for

” We're talking about one of the
most powerful industrial heat pumps
worldwide - and yet, in terms of our
overall CO, emissions, it's just a small
piece of the puzzle!”

Tim Lerch
Project Execution Owner at BASF

the first time - both in Ludwigshafen and worldwide.
Start-up is scheduled for 2027.

“The decision was driven primarily by considerations
of cost-effectiveness and decarbonization,’ explains
Alexander Fronz, Project Manager for the large-scale
heat pump project at BASF. “Equally important were the
system'’s high operational reliability and technical flexibi-
lity - qualities that made CompriVAP the most compelling
solution for this project, given our specific requirements.”

Technology initiative with pilot character

CompriVAP harnesses previously untapped waste heat
from one of the steam crackers in Ludwigshafen to produce
carbon-free steam. This steam is distributed via the site-
wide steam network, with formic acid production - due to
government funding - serving as the primary consumer.
With a thermal output of 50 MW, the system generates
up to 500,000 tons of steam per year and avoids appro-
ximately 100,000 tons of CO: emissions. As a technical
pilot project on an industrial scale, it remains unique
worldwide.
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One of the world's most powerful industrial heat pump systems is being
implemented at BASF's Ludwigshafen site in Germany. © BASF SE

’ ’ For this first-of-its-kind application,
the priority is not on pushing individual
components to the limits of technical
feasibility, but on delivering a fully in-
tegrated solution that ensures reliable
performance.’

Alexander Fronz
Project Manager for the
large-scale heat pump project at BASF

KEY FACTS ABOUT
THE HEAT PUMP SYSTEM

¢ Energy source: Previously unused waste heat
from steam cracker

¢ Output: Carbon-free steam
(up to 500,000 tons/year)

¢ Capacity: 50 MW thermal
CO, reduction: ~100,000 tons/year

¢ Application:
Primary: Formic acid production
Secondary: Other consumers within the
steam network

¢ Highlight: First project of this scale worldwide

*

For Tim Lerch, Project Execution Owner at BASF, the
project is more than just a technical pilot: “We're talking
about one of the most powerful industrial heat pumps
worldwide - and yet, in terms of our overall CO2 emissi-
ons, it's just a small piece of the puzzle. But an important
one: Being able to implement a viable heat pump solution
at this scale is, for me personally, a true milestone.’

CompriVAP: Integrated system design instead of a
stand-alone solution

CompriVAP is not a single machine, but an integrated
heat pump solution that combines proven technologies
into one high-performance system. The concept is based
on mechanical vapor recompression (MVR), where steam
is brought to a higher energy level using electrically dri-
ven compressors and then supplied as process heat.

What sets this system apart from conventional heat
pumps is explained by Martin Schmid, Process Engineer
at GIG Karasek and involved since the beginning of the




Concentrating the Essentials

, ’ Every component has to fit -
not only for optimal efficiency
but also across a wide operating
range”

Oscar Lino Sgrott Junior

, , Unlike many commercially available
heat pump solutions, which are primarily
designed for hot water production,
CompriVAP has been purpose-built from
the ground up for steam generation.”

Martin Schmid

© GIG Karasek

’ ’ As a partner, we don’t just supply

BASF with individual components -
we deliver a holistic solution that
proves its value technologically,
economically, and operationally in
the long run.”

Markus Putz
Project Manager at GIG Karasek

© GIG Karasek

Process Engineer at GIG Karasek

project: “Unlike many commercially available heat pump
solutions, which are primarily designed for hot water pro-
duction, CompriVAP has been purpose-built from the
ground up for steam generation. The technology is based
on mechanical vapor recompression, which was specifi-
cally developed for steam applications - and this is exactly
where it shows its full potential’

While the individual components used are proven tech-
nologies, the real challenge lies in integrating them
into a stable, continuously operating overall system.
This creates specific demands for risk management -
both in terms of process engineering and control strategy.

The project leads therefore deliberately chose not to pur-
sue overly ambitious efficiency targets in order to develop
a solid, feasible system. ,For this first-of-its-kind applica-
tion, the priority is not on pushing individual components
to the limits of technical feasibility, but on delivering a
fully integrated solution that ensures reliable perfor-
mance,” says Alexander Fronz.

Collaborating as equals

A project of this scale cannot be realized single-handed-
ly. For the implementation of the large-scale heat pump,
BASF deliberately relied on experienced partners in this
field.

GIG Karasek - system responsibility from

concept to start-up

In this project, GIG Karasek is responsible for both pro-
cess development and implementation as an EPC ser-
vice provider (Engineering, Procurement, Construction).
Building on a preceding feasibility study, the company
oversees all project phases - from conceptual design
to construction and start-up of the system. Its scope of
supply includes both standard components and project-
specific, customized system parts.

“Our focus is not only on the optimal sizing of individual
system components, but above all on their functional inte-
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gration into a perfectly tuned overall system, emphasizes
Markus Putz, longtime Project Manager at GIG Karasek.
“As a partner, we don't just supply BASF with individual
components - we deliver a holistic solution that proves
its value technologically, economically, and operationally
in the long run.’

PILLER Blowers & Compressors:

High-performance compressors at the core

For mechanical vapor recompression, PILLER's proven
VapoLine® is used. As part of the project, the compa-
ny developed an 11-stage compressor solution - divided
into two cascades (6+5 units) to ensure better control
of steam dynamics and to minimize risks from oxygen
ingress.

As early as the initial project phase, BASF and PILLER
jointly defined the requirements - a close coordination
that not only enabled a specifically tailored compres-
sor architecture but also drove internal innovations.
“Every component has to fit - not only for optimal effici-
ency but also across a wide operating range,” emphasi-
zes Oscar Lino Sgrott Jdnior, Senior Process Engineer at
PILLER. “Our goal was to reliably cover part-load condi-
tions without bypass or recirculation - while at the same
time guaranteeing the assured performance parameters.
The 11 VapoLine® compressors are individually tailored to
BASF's requirements.’

One particular challenge was the transition from air-
cooled to water-cooled drives during the ongoing engi-
neering process. Nevertheless, it was possible to stan-
dardize key components such as electric motors across
all units - an enormous advantage for maintenance, spa-
re parts logistics, and overall plant availability.

The next exciting phase is already on the horizon: in about
a year, all 11 machines are scheduled to be delivered and
installed within just three days - a logistical milestone
crucial to the project’s progress.

Senior Process Engineer at
PILLER Blowers & Compressors

TECHNOLOGICAL HIGHLIGHTS

The heat pump combines proven components
(falling-film evaporators, flash tank, 11-stage com-
pressor cascade) with five innovative features:
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Oxygen-free steam through hybrid plant design

Combination of open steam generation loop and
closed flash loop

Falling-film evaporator separates pressure and
vacuum zones, preventing oxygen ingress

Pure water as a safe working medium

No use of other synthetic or natural refrigerants
Minimized operational risks and high
environmental compatibility

Flexible operation with part-load and
restart capability

Variable frequency drives for seamless adjustment
to waste heat availability

Standby system enables 200+ electricity
price-optimized start-stop cycles per year

Maximum efficiency through harmonized
technology

Radial compressors precisely tailored to

load points

Additional energy utilization through integrated
water preheating

5. Intelligent monitoring for high availability

Condition monitoring detects deviations early
and prevents failures

Maintenance-friendly radial compressors reduce
scheduled downtime



Concentrating the Essentials

Visualization of the CompriVAP heat pump solution for
BASF'’s Ludwigshafen site. © GIG Karasek

Stronger together in challenging phases

Close collaboration between BASF, GIG Karasek, and
PILLER was a key success factor during the enginee-
ring phase - especially in critical moments such as the
shift from the originally open to a hybrid system design.
Within a short time, an alternative plant concept had to
be developed, aligned, and integrated into the existing
planning.

“The speed and professionalism with which this was mas-
tered together was truly impressive,’ recalls Alexander
Fronz.

What unites all project partners is a shared under-
standing of the project's importance: it is not just
about technical feasibility, but about proving that
large-scale industrial waste heat utilization works.
As a highly visible flagship project, it is subject to consi-
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derable expectations. This makes active stakeholder ma-
nagement all the more critical to balance internal require-
ments such as cost control and schedule adherence with
the project’s pilot character.

“We all feel the responsibility - and that's exactly what
creates this unique dynamic,’ explains Fronz. ,The teams
are highly capable. We address issues with full transparen-
cyandworktogether as equals. What unites usis the shared
determination to make something truly new possible.”
Without this spirit, he concludes, a project like this would
not be achievable.

Outlook: A blueprint for industrial decarbonization

With the construction of the large-scale heat pump at
its Ludwigshafen site, BASF is taking a new path in the
industrial energy transition - technologically ambitious,
economically viable, and strategically forward-looking.

But the project represents more than a single milestone:
it marks the starting point for a scalable solution with in-
ternational relevance.

The plant demonstrates that industrial waste heat no lon-
ger has to remain an unused byproduct, but can become
a strategic energy resource. The use of water as the wor-
king medium, flexible operation, and the hybrid design
make the system not only innovative but also transferable
to other sites and industries.

The technical experience gained in Ludwigshafen provi-
des the foundation for future projects - both within the
BASF Group and beyond. As one of the first industrial re-

Covering an area of about 64,000 square meters - the equivalent of
13 soccer fields - Steamcracker |l is the largest single plant at BASF's
Ludwigshafen site. © BASF SE

ference systems of this scale, this flagship project opens
up new perspectives for decarbonizing energy-intensive
processes in the chemical, food, paper, and pharmaceu-
tical industries.

What is regarded today as a technological pionee-
ring project will have to become standard tomorrow.
The transformation toward a climate-neutral industry
cannot be postponed - it starts with concrete steps here
and now.

Learn more on our website or
contact: comprivap.gigkarasek@
gigkarasek.at

COST-EFFECTIVENESS & FUNDING:
THE EQUATION FOR THE FUTURE

BASF is already relying on renewable energy; ho-
wever, without government support, the heat pump
project would not be economically feasible - part-
ly due to the high efficiency of existing systems.
With up to €310 million from the German Federal
Ministry for Economic Affairs and Climate Action’s
climate protection contracts, both investment and
operating costs are subsidized until the technology
becomes competitive.

Value creation through decarbonization

The real benefit lies in the improved Product
Carbon Footprint (PCF) of the entire portfolio.
Alexander Fronz highlights the long-term perspec-
tive: “"Green steam will be a competitive advantage
in the future. We are investing today in the infra-
structure of tomorrow. The funding compensates for
what the market does not yet reward - until climate-
friendly products can sustain themselves through
higher margins.’

“License to operate” for the green industry

Starting in 2045, climate-neutral process heat will
become a prerequisite for market access - the
“license to operate” in an increasingly climate-
conscious market. Tim Lerch sums it up: “Projects
like this showcase Europe's innovative strength. It's
about actively shaping technological progress -
and proving that a future-ready industry is not only
emerging elsewhere, but right here at home.’
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customized process solutions and systems according to your requirements.

Regardless of the scope of services, our aim is to optimize your production facilities
with tailor-made solutions in terms of product quality and processes. Where
other companies reach their limits, we find ways to process your material
flows by combining various process steps that have been developed over
decades. A high level of expertise and personal all-round service make
GIG Karasek your reliable partner for unique challenges.
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