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Introduction: The relevance of green intralogistics

Logistics accounts for approximately 7% of global green- Warehousing 1S
house gas emissions. For a long time, public debate increasingly
focused almost exclusively on the transport sector, .
particularly on truck fleets, cargo ships, and air freight. becomzng a fOCY/LS
However, another area is increasingly coming into focus: Of decarboniza-
o o o . . i

Around 2(?/0 of Iog|st|cs related .emISSIOI’.WS .orlgmate in tion eﬁorts — and
warehousing, i.e, in storage and intralogistics

s emerging as one
Sustainability as an investment of the ]eey levers for
S _ o reducing logistics
The role of sustainability in the warehousing and logistics o
industry has changed significantly. While a few years ago EMiSSIoNns.
it was primarily discussed as a driver of innovation and a
strategic topic for the future, today the focus is increas-

ingly shifting to operational efficiency and economic via-
bility. The market now evaluates sustainability measures
using the same criteria as other investments. As a result,
decarbonization strategies often face a conflict of objec-
tives between ecological ambition and economic ratio-
nality. In practice, a purely ecological motivation is rarely
sufficient.

Structural conditions

Added to this are structural challenges. Numerous stake-
holders, diverging interests, and increasing regulatory
requirements make it clear that

there can be no one-size-fits-all solution. New standards
such as CSRD, CSDDD, and ESRS are increasing the
pressure on companies to reliably document sustainability
performance. At the same time, strategic influence often
ends at the warehouse wall. Especially in 3PL structures,
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Introduction: The relevance of green intralogistics

decision-making authority over building infrastructure
often does not lie with the operational user. As a result,
these locations are sometimes inadequately accounted
for in company-wide emissions reporting, even though
they play a central role in operations.

Additionally, infrastructure decisions have long-term
effects. Investments in building envelopes, energy tech-
nology, or warehouse automation often shape logistics
sites for 15 to 30 years. Particularly in retrofits, the scope
for action is significantly constrained by structural and
architectural conditions. A portion of the emissions is
thus effectively already “embedded.” At the same time,
there are currently no uniformly defined standards for
calculating the carbon footprint of warehouse buildings.
This not only hinders comparability but also delays the
transformation due to a lack of prioritization and control
mechanisms.

Dimensions of environmental sustainability

Given this complexity, a key question arises for many
companies:

How can the diverse requirements and influencing fac-
tors be translated into a feasible strategy for CO, re-
duction at their own logistics sites?

A first step is to systematically understand the relevant

dimensions of sustainability. Fundamentally, the levers for
decarbonizing a logistics site can be categorized into two
areas: buildings and surroundings, and logistics and oper-

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Regulatory require-
ments, differing
responsibilities, and
long investment
cycles make sus-
tainability in the
warehouse a strate-
gic challenge.



Introduction: The relevance of green intralogistics

ations. A logistics center is not a static entity, but rather
a complex system of energy, material, and process flows.
The following overview highlights the key factors that can
be used to systematically reduce a site’s environmental
impact.

Electricity
Consumption

Heating & Cooling &
Ventilation

Environmental
Sustainability of t
Warehouse

Water

\_4-—

Construction & Beyond
Life Cycle

Green Spaces and

Materials Travel & Commuting

- Buildings & surroundings Logistics and Operations

Figure 1: Dimensions of Environmental Sustainability at Logistics Sites

The basic energy and resource requirements of a logistics
site are largely determined by its building structure and
the design of its surroundings. These include, in particu-
lar, energy consumption for heating, cooling, lighting, and
ventilation, as well as the building envelope and the con-
struction materials used therein. Aspects such as water
consumption, land use planning, or the life-cycle assess-
ment of buildings also influence the overall environmental
footprint.
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Introduction: The relevance of green intralogistics

In the area of logistics and operations, actual energy and
resource consumption arises from the operational pro-
cesses within the warehouse. Key levers here include,
for example, the electrification of industrial trucks, ener-
gy-efficient warehousing and material-handling technol-
ogy, intelligent control of automated systems, and the
management of packaging materials and consumables.
In addition, circular economy approaches are becoming
increasingly important, for example through recycling,
the reuse of materials, or the cross-site utilization of
resources.

To address these diverse levers in a structured manner, a
clear procedural logic is recommended. At the core is a
four-step approach:

Measure -> Reduce -> Replace -> Offset

This serves as a structuring framework for the develop-
ment of decarbonization strategies and simultaneously
forms the central thread of the following analysis.

Based on this, key areas of action related to buildings,
technical equipment, and operational activities are
examined. The goal is to support companies in identify-
ing relevant levers, prioritizing measures, and deriving a
customized, measurable transformation strategy for their
warehousing and logistics infrastructure.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Many individual
measures fall short
— only a structured,
holistic approach
enables targeted
management of the
transformation.




The sustainability formula:
The strategic compass

The decarbonization strategy proposed here follows a
consistent logic. It is based on a universally applicable
structural principle that takes into account the complex-
ity and individuality of warehouse locations. Regardless
of industry, degree of automation, and location type, the
sustainability formula can serve as the foundation for a
robust decarbonization strategy. Whether a highly auto-
mated e-commerce fulfillment center is being planned
from scratch or an existing distribution center on a
brownfield site is being optimized: The underlying logic
remains the same.

It follows a fixed hierarchy in which each step always
takes priority over the subsequent ones:

1. Measure -> 2. Reduce -> 3. Replace -> 4.0ffset

This formula is intentionally kept simple. It offers a reliable

and stable framework that can be applied with a high
degree of customization to different logistics locations,
organizational maturity levels, and operating conditions.
As a result, it helps structure your own decarbonization
measures and set priorities. The focus shifts toward a
systematic and transparent approach.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse
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The sustainability formula: The strategic compass

The individual steps are briefly outlined below:

Measure

This first step is as essential as

it is critical: creating transpar-
ency regarding current energy
consumption and the resulting
emissions. Based on this, a base-
line is defined that serves as the
planning foundation for all further
measures. The goal is to make a
site’s processes and energy flows
transparent enough to identify
the relevant operational levers.

Reduce

The focus here is on increasing
efficiency. This includes, in par-
ticular, energy efficiency, material
flow efficiency, and space effi-
ciency. Technical and process
optimizations reduce baseline
consumption even before the
underlying energy source is taken
into account.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

9 Replace

In this step, the actual transition
to sustainable alternatives takes
place. This includes, in particu-
lar, the use of renewable energy
sources and the use of environ-
mentally friendly materials.

Offset

Even with the consistent imple-
mentation of all measures, emis-
sions often remain that cannot
currently be completely avoided
for technical or economic rea-
sons. These remaining emissions
can be offset in the final step
through certified offset measures.



The sustainability formula: The strategic compass

m - T
= -

Measure the Reduce Switch to Offset
emissions consumption renewable unavoidable
baseline and increase resources emissions
efficiency

Figure 2: Four-step decarbonization logic - from building emissions transparency to
targeted offsetting

However, it is important to note that the sustainability
formula is not a strictly sequential process that must

be followed in its entirety from step one through four. In
reality, decarbonization measures develop in parallel and
iteratively. While transparency regarding energy flows is
still being established in some areas, efficiency measures
can already be implemented or sustainable technolo-
gies introduced elsewhere. What matters is not the strict
sequence of individual measures, but the underlying logic
of priorities - without hindering pragmatic improvements
in day-to-day operations.
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1. Measure: Assess and analyze the status quo

Every effective decarbonization strategy begins with the
question:

Wo entstehen in unserem Gebédude heute Energiever-
brauche — und wo verlieren wir unnétig Effizienz?

Ohne belastbare Ausgangsbasis bleibt jede MalBnahme
spekulativ. Erst wenn Energieverbrauche und Emissionen
transparent quantifiziert sind, entsteht Steuerungsfahig-
keit. Wer elektrifiziert, modernisiert oder investiert, ohne
die tatsachlichen Verbrauchstreiber zu kennen, riskiert
Fehlallokationen. Deshalb ist die strukturierte Erfassung
und Analyse des Status quo die Voraussetzung fur fun-
dierte Entscheidungen.

Ziel dieser Phase ist es, vollstandige Transparenz uber
Energieflisse und Emissionen entlang der relevanten pro-
zesse zu schaffen. Dabei geht es nicht nur um absolute
Verbrauchswerte, sondern um Zusammenhange: Wo ent-
stehen Emissionen? Welche Prozesse treiben sie? Welche
Kosten sind damit verbunden? Wo entstehen Lastspit-
zen? Wo stehen Verbrauch und Leistungsanforderung in
keinem Verhaltnis?

Gerade in Bestandsimmobilien oder 3PL-Setups ist Trans-
parenz oft fragmentiert. Betreiber verantworten die
Gebaudeinfrastruktur, Nutzer die operative Technik. Ohne
klare Datengrundlage bleibt unklar, wer welchen Hebel
besitzt und wo Verantwortung beginnt oder endet.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

A reliable data
foundation pro-
vides transparency
regarding energy
flows and is a pre-
requisite for well-in-
formed decisions.
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1. Messen: Status Quo erfassen und analysieren

Eine wirkungsvolle Analyse im Lager erfolgt typischer-
weise in drei Ebenen:

Strukturiertes Energieaudit: Ein systematisches und
regelmaiiges Untersuchen der Emissionen bzw. des
Energieverbrauchs bewertet den Ist-Zustand von
Gebaude, Technik und Betrieb. Es identifiziert ineffi-
ziente Anlagen, unnotige Dauerverbrauche, Uber-
dimensionierte Systeme sowie Betriebszeiten ohne
Leistungsbedarf.

Granulare Verbrauchserfassung (Submetering):
Gesamtverbrauchswerte reichen nicht aus. Erst die
differenzierte Messung einzelner Bereiche oder Tech-
niken (bspw. Fordertechnik, Kiihlzonen, Ladeinfra-
struktur) macht eine Ursachenanalyse maglich. Sub-
metering schafft Transparenz auf Prozessebene.

Kontinuierliches Monitoring und Zielsteuerung:
Minutengenaue Verbrauchsdaten in Verbindung mit
definierten Zielwerten machen Energie zu einer aktiv
gesteuerten GroRe. Abweichungen werden sofort
sichtbar, Effekte von Optimierungen messbar. So wird
Energieeffizienz Teil des operativen Managements —
nicht nur Teil des Nachhaltigkeitsberichts.

Erst wenn wir verstehen, welche Prozesse die grof3ten
Emittenten sind - sei es die Heizung der Halle oder die
Lastspitzen der Fordertechnik - kbnnen wir gezielte Prio-
ritaten setzen.
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Only when we
understand which
processes are

the largest emit-
ters — whether it’s
the heating of the
warehouse or the
load peaks of the
conveyor systems —
can we set targeted
priorities.
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2. Reduce: Systematically leverage efficiency potential

m the warehouse

Once transparency regarding energy flows and consump-
tion drivers has been established, the most operationally
effective step begins: targeted reduction.

Where do we start to significantly and sustainably
reduce our site’s energy consumption without compro-
mising performance?

Two key levers work in tandem here: On the one hand, it
involves optimizing material flow and space utilization. At
the same time, the energy efficiency of technical systems
must be increased.

Material flow as a driver of organizational efficiency

An inefficient material flow causes unnecessary travel,
transfers, and wait times, as well as incorrectly sized con-
veyor lines and higher overall costs. This results in more
transport, more operating hours, more personnel, more
space, and higher energy consumption

Targeted layout and process optimizations can

intra-facility transport distances can be reduced,
lead times shortened,

space can be used more productively,

improve equipment utilization, and

enable growth within existing building structures.

Especially in brownfield environments, intelligent reorga-
nization determines whether a site can be further devel-

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Optimizing mate-
rial flow and space
utilization not only
reduces costs but
also lowers energy
requirements per
process step.
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2. Reduce: Systematically leverage efficiency potential in the warehouse

oped or whether operations must be relocated to new
buildings. Effective material flow optimization thus not
only increases logistical performance but also reduces
energy consumption per unit stored and moved. However,
even the most effective structural optimization cannot
replace systematic efficiency improvements in major
technical energy consumers.

Energy efficiency as a technical lever

Even with an optimal layout and perfectly designed mate-
rial flow, reducing energy consumption remains a techni-
cal challenge. In practice, the greatest opportunities for
improvement are concentrated in four dominant ener-
gy-consuming areas of a logistics site.

Lighting: Lighting is one of the most visible — and at the
same time, one of the fastest to optimize — energy con-
sumers in a warehouse. Modern LED technology, intel-
ligent control systems, and consistent use of natural
light can significantly reduce energy consumption while
improving the quality of work.

Heating, ventilation, and air conditioning (HVAC): In
large-scale logistics facilities, building climate control
accounts for a significant portion of total energy con-
sumption. Measures here range from structural improve-
ments to the building envelope, through differentiated
temperature zoning to more efficient heating and ventila-
tion systems.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Magjor technical
consumers such as
lighting, HVAC, and
conveyor systems
significantly deter-
mine a site’s energy
consumption.
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2. Reduce: Systematically leverage efficiency potential in the warehouse

Vehicles, warehousing, and material-handling tech-
nology: Internal transport processes represent another
significant source of energy consumption. Electrified
industrial trucks and energy-efficient automation solu-
tions can significantly reduce energy consumption per
movement and per order. The way technical systems are
operated also has a major impact on energy consump-
tion. Demand-based control of conveyor lines, intelligent
driving strategies, or energy recovery in automated sys-
tems reduce unnecessary load peaks and energy losses.

Structured energy management: The primary lever lies in
energy management itself. Only through systematic data
collection, clear responsibilities, and defined energy met-
rics can efficiency measures be permanently measured
and controlled.

To address these areas of action concretely, we have
summarized the most important efficiency measures for
logistics sites in a structured manner. In the

appendix to this whitepaper, you will find a concise
catalog of measures that highlights typical optimization
potential in the areas of lighting, HVAC, vehicles, and
warehouse technology, all the way through to energy
management.

The overview is intentionally designed as a practical

checklist and can be used directly as a self-assessment
for your own facility. It enables you to systematically verify

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

A structured catalog
of measures makes
efficiency potential
visible and directly

implementable.

T

14



2. Reduce: Systematically leverage efficiency potential in the warehouse

which measures have already been implemented or

planned, and where additional efficiency potential exists.

Furthermore, it can also serve as a guide for defining
technical requirements in requests for proposals or for
evaluating external operators and service providers
based on clear efficiency criteria.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

The checklist is
suitable as a basis
for efficiency audits
in your own ware-
house or at service
providers.

e
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3. Replacement: Options for COz-neutral

energy consumption

This step in the sustainability formula comes into play
when efficiency measures reach their limits and long-
term climate goals need to be achieved. Conventional
technologies and energy sources are replaced with more
sustainable alternatives. For logistics sites, this applies in
particular to the power supply, heating and cooling sys-
tems, as well as the propulsion concepts for intralogis-
tics equipment and vehicles outside the building. Typical
examples include the use of renewable energies, the
electrification of industrial trucks, and the use of alterna-
tive heat sources.

This highlights the cumulative nature of the decarbon-
ization strategy, as replacing existing systems can only
be done effectively by taking the overall strategy into
account. Only after energy demand has been reduced
can the full benefits be realized. If this sequence is not
followed, there is a risk of financing oversized systems or
maintaining unnecessary capacity. The replacement

is therefore not an isolated technological step, but a logi-
cal continuation of the measures previously implemented.

Green electricity as the cornerstone of climate-neutral
logistics sites

Electricity from renewable energy sources is of funda-
mental importance for climate-neutral logistics sites.
On-site electricity generation via photovoltaic systems on
logistics rooftops is already the norm in new construction.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

The use of new tech-
nologies should be
based on optimized
energy require-
ments to avoid over-
sizing and ineffi-
ciencies.
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3. Replacement: Options for CO2-neutral energy consumption

Nevertheless, there are further opportunities to expand
local electricity production. For example, facade-mounted
or generally vertical modules increase utilization during
seasons with low sun angles. Similarly, open spaces such
as freight yards, parking lots, or adjacent green areas

can be used for additional photovoltaic installations. For
brownfield projects, or specifically for buildings with lim-
ited remaining structural capacity, there is the option of
integrating ultra-lightweight modules onto the roof

To achieve the highest possible self-consumption of The combination Of

the generated electricity, battery storage systems are
becoming increasingly important, and their price has also local Enersy gener-
fallen significantly recently. They make it possible to store ation, StOT&lge, and
excess energy and use it at a later time, for example, to smart load man-
ensure the operation of equipment or electric vehicle .
charging infrastructure during the evening or night hours. agement increases
At the same time, storage systems can help reduce peak independence fmm
loads in grid consumption and circumvent limited grid

the power grid.

connection capacities.

In addition to local electricity generation via photovol-

taics, other technologies can help meet a logistics site’s
energy needs in a climate-neutral manner. An overview of
key options for decarbonizing the energy supply — rang-
ing from additional power sources to alternative heating
and cooling systems and the electrification of technical
equipment — is summarized in Figure 3.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse 17



3. Replacement: Options for CO2-neutral energy consumption

In the area of heating, cooling, and ventilation, electric
heat pumps in particular are considered a key technol-
ogy for climate-neutral logistics sites. Depending on

site conditions, they can be combined with geothermal
energy, thereby enabling an efficient supply of heating
and cooling. In addition, electrically powered surface

or zone heating systems, such as underfloor heating or
radiant ceiling panels, are used. Where available, the use
of industrial waste heat from internal processes or neigh-
boring facilities can also make a significant contribution
to reducing energy demand.

@ Electricity Heating/cooling ﬁ- MHE & Others
* Heat Pumps « Electrification of industrial trucks and yard
+ Photovoltaics « Electric panel and zone heating logistics
* Wind Energy « Infrared heaters . EleCt”f'Cat'(_)n of Hegvy-Duty
. . Transportation on Site
» Biomass/biogas plants * Geothermal L
» Charging infrastructure for fleets and plant
+ CHP systems * Solar thermal operations
» Battery Energy Storage Systems (BESS) « CHP systems « Hydrogen Solutions for Special
« Purchase of Certified Green Electricity « Heating plants using biogenic fuels Applications
» Long-term electricity procurement via « Waste heat recovery » Energy Storage in Production Media
PPAs + Thermal energy storage  Greywater reuse in technical applications

« District heating/cooling/steam

Electricity from renewable energy sources is essential for the transition to climate-neutral logistics sites

Figure 3: Options for CO2-neutral energy consumption

Miebach Whitepaper — Unleash Sustainability in Your Warehouse
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3. Replacement: Options for CO2-neutral energy consumption

The technology surrounding the logistics site also plays

a role in decarbonization. While many intralogistics sys-
tems and conveyor technologies are already electrically
powered today, there is often still potential — particularly
in plant traffic and site-specific transport and operational
processes — to switch from fuel-powered vehicles to elec-
tric alternatives.

A key prerequisite for this is the establishment of a
high-performance charging infrastructure on-site. This
not only enables the operation of electric yard vehicles
but also forms an important foundation for the long-term
electrification of the company’s own commercial vehicle
fleet. The provision of charging infrastructure is there-
fore considered one of the key levers for the decarbon-
ization of logistics transport processes. However, since
this whitepaper focuses primarily on measures within
warehouse and building operations, the topic of charging
infrastructure is only touched upon here. It remains, none-
theless, a central building block for the holistic decarbon-
ization of logistics networks.

Various forms of energy storage provide additional flexi-
bility in the energy system. In addition to battery storage,
thermal storage or storage in production media (such

as compressed air or nitrogen) can also be used to shift
energy over time and optimize load profiles.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Depot charging
infrastructure is a
key enabler for the
electrification of

transport logistics.

—
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3. Replacement: Options for CO2-neutral energy consumption

Sustainable materials and resources

In addition to energy, material and resource consumption

also plays a key role in the sustainability performance of a

logistics site. Packaging materials are particularly relevant

here, as they are increasingly coming into focus due to

regulatory requirements (e.g., PPWR, extended producer Eﬁﬁcient use Of
responsibility), rising raw material costs, and ESG report- .
ing obligations. ;Dadeaglng mate-
rials affects not
Packaging has an impact through direct material con- only resource con-
sumption, its influence on transport volume, handling .
effort, the degree of automation, and waste streams sumptzon but also
along the entire supply chain. Sustainable materials are processes, space
therefore not merely a procurement or CSR issue, but reo]uirements, and

also affect operational processes, space utilization, trans-

port efficiency, and cost structures. tmnsport eﬁ%czency'

As with energy supply, a clear logic of priorities applies
here: First, material usage should be reduced, for example

through optimized packaging dimensions, thinner mate-
rials, or standardized load carriers. Only in a second step
does the question of substitution with recyclable, bio-
based, or reusable materials arise.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse 20



3. Replacement: Options for CO2-neutral energy consumption

Reusable concepts, in particular, only realize their full
potential when there are stable, closed-loop systems and
sufficient circulation rates. For this reason as well, a holis-
tic view of the life cycle, process compatibility, and return
logistics is crucial within this complex of materials and
resources.

An overview of typical measures for material reduction,
material substitution, and the implementation of reus-
able systems can be found in the appendix to this white-

paper.

As an interim conclusion for this whitepaper, it can be
stated that the “replace” step transforms an efficient
site into a “greener” one. However, this step is only suc-
cessful if it builds on previously implemented efficiency
measures and is embedded in an overarching energy
and site strategy.

In practice, a combination of local energy generation and
intelligent management usually proves to be the most
effective approach. Only when all technical and economic
possibilities for replacement have been exhausted does
the final step of the sustainability formula, offsetting
unavoidable residual emissions, come into play.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Sustainable itmpact
arises from the
interplay of renew-
able energy and
intelligent energy
management.
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4. Offsetting: The final step, not the first

Even with the consistent implementation of efficiency
measures and technological transitions, not all emissions
can be completely avoided in practice. Even very ambi-
tious decarbonization strategies eventually reach tech-
nical, economic, or infrastructural limits. In such cases,
residual emissions remain that cannot be further reduced
in the short term. This is precisely where the final step

of the sustainability formula comes into play: offsetting
unavoidable emissions.

It is important to emphasize that while these offset mea-
sures play a role in a comprehensive decarbonization
strategy, they should never form its core. Their function is
not to mask structural shortcomings in energy efficiency
or in the technological approach. Nevertheless, it is clear
that, depending on the energy balance at each individual
location, residual emissions must be offset through cer-
tified nature conservation projects elsewhere in order to
achieve the stated “net-zero” goal.

It is precisely for these reasons that the much-discussed
sequence of steps in the formula is so crucial: Offsetting
serves as the final step in a consistently implemented
decarbonization strategy. It ensures a completely clean
energy balance, while the actual transformation of the
site is achieved through efficiency improvements and the
use of sustainable technologies.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse

Offsetting measures
address remaining
emissions but do
not replace struc-
tural improvements
in operations.

-
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&

Since we are convinced that sustainable
substance at a site can only be achieved through
genuine changes — to the building envelope
and in logistics processes — this whitepaper
deliberately focuses on the first three phases.

As neutral experts in logistics and
intralogistics, our core competence lies in the
strategic and technical optimization of your
site.

The market for carbon offsets, on the other
hand, is a separate area of expertise.
However, we support you in creating the
necessary transparency so that you can
precisely quantify your offset requirements.

Miebach Whitepaper — Unleash Sustainability in Your Warehouse



Conclusion: From a catalog of measures to
a customized decarbonization strategy

The path to a climate-neutral logistics site is a key stra- .
tegic decision. In an industry where investment deci- COWL}%L’VZZ@S that

sions for buildings and facilities have a lifespan of 10 to act early can turn
30 years, decarbonization today is synonymous with risk

_ compliance require-
management and securing the future.

ments into a stra-
The measures presented in this whitepaper highlight the tegic competitive
enormous potential for greater sustainability in intralogis-
. ' S o / o advantage.
tics. However, a mere list of possibilities does not consti-

tute a strategy. The path to a climate-neutral site is not a /
standard product, but a tailored response to the specific

conditions of a site.

Progress is not achieved through the isolated use of indi-
vidual technologies, but through their intelligent coordi-
nation. Each measure must be evaluated in the context of
the site, for example with regard to brownfield or green-
field structures, grid connection capacities, or operating
models. Clear prioritization and integration into a robust
roadmap that combines short-term quick wins with long-
term infrastructural transformation are crucial.

At the same time, regulatory pressure is continuously
increasing due to requirements such as the CSRD or
ESRS. However, companies that act early can turn com-
pliance requirements into a competitive advantage. A
prerequisite for this is a solid data foundation: Only those
who understand their current status can strategically
chart a path to climate neutrality.
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Appendix: Catalog of measures to increase
energy efficiency at logistics sites

2. Reduce

The following catalog of measures highlights typical levers for reducing energy
consumption at logistics sites. The measures are based on frequently identified
efficiency potentials in warehouse projects and can serve as a guide for site anal-
yses or internal improvement programs.

Lighting

[ | LED retrofit: This is a so-called “quick win,” as significant benefits
can be achieved with relatively little effort. Replacing inefficient light
sources with modern LED technology can save up to 90% in energy.

[ | Smart Control: By using motion and presence detectors as well as day-
light sensors, (artificial) light is used only where and for as long as it is
actually needed. Depending on the system and the level of automation,
this technology can also control light intensity, enabling even more
finely tuned lighting control.

[ | Use of daylight: The use of artificial lighting mentioned above can be
further reduced through the optimal use of daylight, e.g., by optimizing
window systems or using skylights. In new hall construction, it may
also be worthwhile at this point to review the building’s alignment or

orientation.
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Appendix: Catalog of measures to increase energy efficiency at logistics sites

Lighting (continued)

a

Dark Warehouses: In principle, this warehouse concept follows natu-
rally when the optimizations mentioned above are implemented to the
fullest extent, as it involves the strategic shutdown of unused lighting
in unoccupied or fully automated areas where no people are present
or where there is sufficient daylight.

Optimization of Exterior Lighting: As described above, the surround-
ing area must not be overlooked in a serious decarbonization strategy.
Timers or twilight sensors can also help reduce emissions in this area.

Optimization of building illumination: General minimization of building
illumination for advertising purposes.

Heating, ventilation, and air conditioning (HVAC)

a

Insulation: Improving the insulation of building envelopes — including

walls, ceilings, and floors — as well as the use of insulated high-speed
doors should be the focus in this area. Loading docks should also be
inspected and, if necessary, modified.

Sun protection measures and shading solutions: These issues can
be addressed either naturally (landscaping -> green spaces, etc.) or
through the use of sun protection collectors and window films.
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Heating, ventilation, and air Conditioning (HVAC) (continued)

g

Temperature zoning: Different areas of the warehouses (e.g., order
picking vs. replenishment storage) have varying requirements for envi-
ronmental conditions. Heating or cooling should therefore always be
tailored to specific needs. A first step could be to review the target
temperature and adjust it if necessary. The use of smart thermostats
and sensors can be helpful in this regard.

HVLS fans: To save on heating costs, particularly in very tall ware-
houses, this type of fan can be used. They ensure better air circulation
and temperature distribution. The former can be further optimized in
combination with an automatic door control system.

Heating systems: In the medium term, decentralized heating sys-
tems are a sensible option to enable direct and targeted heating, as
explained in the points above.

Process Waste Heat: Waste heat from technical systems or production
can also be utilized for the heating system.

Vehicles, warehousing, and material handling

d

General use of energy-efficient machines and processes

a

Layout optimizations reduce internal transport and increase logistical
efficiency without structural building modifications.
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Industrial trucks:

g

Electric Drives: A systematic shift toward electric drives in industrial
trucks. Alternative drives are also a realistic option in special cases, but
so far, the focus appears to be largely on optimizing battery technology.

Charging management: Optimizing charging cycles to avoid load peaks
and preserve battery life. Also relevant in terms of grid fees.

Assistance systems: Use of route optimization software to avoid unnec-
essary empty runs, as well as speed limits for manual control.

Driver training: Bicycle training for employees — raising awareness of
energy-efficient riding and traffic flow in internal transport.

o O O O

AMR/AGV solutions: Transition to automated industrial vehicles, as
these generally have lower fuel consumption because they can be
operated in a more powerful and consistently energy-efficient manner.
Energy savings are particularly evident in fleet applications through
communication and advance planning with other crossing vehicles.

Warehouse technology

a

Energy-efficient automation: When properly sized, automated ware-
house solutions can significantly reduce energy consumption per
movement and per order.
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Warehouse Technology (continued)

g

Energy Recovery: Storage and retrieval machines and other dynamic
systems should feed braking and lowering energy back into the grid to
reduce peak loads and prevent energy losses.

Intelligent load and travel strategies: Coordinated control of stacker
cranes can specifically reduce concurrency effects, unnecessary empty
runs, and load peaks.

Retrofit: Modernizing existing systems not only reduces energy con-
sumption but also extends service life and adapts systems to changing
logistical requirements.

Conveyor Technology

d

Demand-Based Control: Conveyor lines and sub-systems should
be controlled based on load and shut down when not in use (“Pow-
er-on-Demand”).

Highly Efficient Drive Technology: Modern motors, decentralized 24V
systems, or frequency-controlled drives reduce energy losses and
improve part-load efficiency.

Zone-based conveying concepts: Segmented conveying sections with
intelligent sensors prevent continuous operation and reduce unneces-
sary energy consumption.

Minimizing mechanical resistance: Optimized rollers, low friction losses,
and regular maintenance permanently reduce energy consumption.
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The overarching lever: Energy management

Technology alone is not enough. Structured energy management serves as the

framework for all reduction measures. It creates transparency, helps set priorities,

and enables measurable progress. To achieve this, it is important to develop a

clear strategy.

d

Binding energy policy: Clear goals, responsibilities, and roadmaps pro-
vide direction and establish energy efficiency as a strategic manage-
ment priority.

Regular energy audits: Structured reviews systematically identify
potential for technical, organizational, and process optimization.

Actively involve employees: Targeted employee training and clear
guidelines promote energy-efficient behavior in everyday life.

Monitoring tools: Continuous analysis and an overview of consump-
tion, load profiles, and deviations in digital monitoring tools identify
potential savings.

Integrate energy metrics into performance management: KPIs such as
kWh per order or per handling unit embed energy efficiency into oper-
ational management.

LCC Analysis: Prioritize investments based on the total cost of own-
ership rather than just the acquisition cost. This ensures that both
energy efficiency and cost-effectiveness are given equal consider-
ation.
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3. Replace

Material reduction

[ Reduction in film thickness: lower material usage while maintaining the
same functionality

[ Right-sizing of cartons: less air and filler material

[ Standardization of packaging sizes: fewer variations

[  Optimization of pallet stabilization: stretch wrap used as needed

Material substitution

Use of recycled cardboard: high recycling rate

Use of post-consumer recycled (PCR) plastics: reduction in primary
raw materials

Paper adhesive tapes instead of plastic tape: improved recyclability

Paper padding instead of plastic filler material: easier disposal

oo 00

Linerless printing: Eliminating the need for plastic backing tape in label
printers

Reusable and circular systems

[ Reusable transport containers: e.g., closed B2B loops
[ Folding boxes in the store network: reduced use of single-use items
[ Reusable covers for roll containers: replacement of stretch film
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Reusable and circular systems (continued)

g

Reuse for the same purpose: A cardboard box, or more commonly spe-
cial shapes made of cardboard or paperboard material—such as edge
protectors — can be reused multiple times without any loss of quality.

Reuse in other areas: Cardboard boxes can be used as layer separators.

OO

Reuse as packing material: Cardboard boxes and sheets can be reused
as packing material in the shipping department by using in-house
shredders.

Deposit-based shipping solutions: however, this usually requires a high
turnover rate

Systemische Optimierungen

Automated cutting systems: custom-fit packaging

Shelf-ready or display pallets: Eliminating the need for additional
repackaging

Centralized waste sorting in the warehouse: improved recycling rates

oo OO0

Monitoring of material metrics: Transparency regarding consumption
per shipment
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If you'd like to systematically unlock
efficiency potential in your
warehouse, please feel free to
contact us. We’ll support you with both
the concept and implementation -
for measurable productivity gains and
sustainable cost savings.

Kevin Wicklein
Senior Consultant, Miebach
wicklein@miebach.com
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