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Abstract - Selecting a deployment architecture for SAP Extended Warehouse Management (EWM) is among the most
consequential and least reversible decisions in an SAP S/4HANA supply chain execution program. However, published
guidance rarely advances beyond feature checklists. Since SAP S/4HANA 1610, EWM has been available as an embedded
component within the digital core, and since S/4HANA 1809 FPS02, a dedicated instance can operate as decentralized EWM,
the architecture designated for future releases. The two models differ fundamentally in master data integration, transactional
communication, posting behavior, performance isolation, availability, release governance, and cost of ownership. This article
brings together these differences into a practical decision framework based on lessons learned from eight end-to-end EWM
implementations. The projects were carried out across pharmaceutical, food and beverage, industrial manufacturing, retail,
and distribution industries, covering embedded EWM releases from 1709 to 2309 as well as decentralized deployments on
SAP SCM EWM 9.5 and SAP S/4HANA platforms. This framework helps organizations choose the deployment approach that
best fits their needs. It considers Client requirements, Automation process, system integration, ERP landscape complexity,
Business readiness for change, user adoption, and cost. The framework was evaluated using several implementation scenarios
to confirm its effectiveness and applicability. In addition to identifying the correct deployment model, the framework provides
approximate ranges for outcomes related to productivity, accuracy, and cost, enabling a better evaluation of business value.
The analysis shows that most EWM values are independent of the deployment method, as they arise from the application itself.
At the same time, the choice made regarding deployment determines the method of protecting that value, the cost of operating
it, and the speed at which it reaches its destination. The process of selecting a deployment is proven to be a strategic action
within enterprise architecture and has a significant impact on warehouse operations for a decade or so; it must never be
regarded as a reversible technical formality.

Keywords - Decentralized EWM, Embedded EWM, Enterprise Architecture, SAP S/4HANA, Warehouse Management Systems.

mainstream maintenance for SAP Business Suite 7, and with
it classic SAP Warehouse Management (LE-WM) in SAP

1. Introduction
Warehouse management occupies an unusual position in

the enterprise application landscape. It is transactionally
intensive in a way few other domains are, since a single
distribution center can generate hundreds of thousands of
warehouse task confirmations per day. It is operationally
unforgiving because a warehouse that cannot confirm picks
cannot ship, regardless of how healthy the rest of the
Enterprise Resource Planning (ERP) estate may be. These
two properties, transaction intensity and operational
criticality, sit at the heart of the architectural question this
article addresses: should SAP Extended Warehouse
Management run embedded inside the SAP S/4HANA core,
or as a decentralized system on its own instance? The
question has gained urgency for three reasons. First,

OOE)

ERP 6.0, ends in 2027, while LE-WM inside S/4HANA is
delivered only as a compatibility pack with usage rights
through the end of 2025, after which Stock Room
Management remains as a deliberately limited successor for
basic warchouses [4, 6, 13]. Organizations running WM,
therefore, face a forced architectural decision, not merely an
optional upgrade. Second, SAP has consolidated its
warehouse roadmap on the S/4AHANA code line, and since
1809 FPS02, a dedicated S/4AHANA system can itself be
deployed as decentralized EWM, the stated architecture for
all future releases [9]. Third, the deployment decision has
long-term impacts. Important elements such as master data
distribution, delivery integration, RF infrastructure, MFS
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interface, and cutover planning are designed based on the
selected deployment approach. Once the solution is live,
changing this approach typically requires significant effort,
time, and cost. Despite these stakes, practitioner experience
helps to treat the embedded-versus-decentralized question as
a feature comparison. This article contends that it is better
understood as a multi-criteria architecture decision, and it
contributes a structured framework for making that decision.
The framework is based on the author's implementation
experience across eight EWM programs and is cross-
referenced against SAP's official architectural documentation
and training curriculum.

2. Literature Review

The literature on deployment decisions can be divided
into three areas. The first checks existing warehouse
management systems and their integration with enterprise
resource planning platforms. The second consists of SAP-
experienced practitioner knowledge covering embedded and
decentralized EWM projects. The third addresses enterprise
architecture and technology decision-making more broadly.
Reviewing these areas helps establish the current state of
knowledge and highlights the gaps that still require attention.

2.1. WMS-ERP Integration in the Academic Literature

A consistent theme across the academic literature is that
warehouse execution requires specialized functionality that
ERP systems do not natively provide, which is precisely
what motivates a distinct WMS and, in turn, an integration
problem between the two. Tomasz Wozniakowsik maintains
that the operational and hardware-related requirements of
warehouse operations make it necessary to have a separate
WMS and that the resulting integration will be unavoidable
rather than optional, presenting integration risk as a primary
implementation issue [18]. Wang and Zhao show, within the
context of an automated digital factory, that there are
substantial measurable improvements in storage capacity,
handling capacity, response rate, and error rate when ERP
and WMS are integrated via an intermediate-table
architecture, at the same time bringing the manufacturing-
execution-system layer into prominence as a coordination
point [19]. Foundational operational-science work by
Bartholdi and Hackman establishes the throughput and
travel-optimization principles that any WMS, SAP EWM
included, ultimately operationalizes [20]. The fact that the
WMS value is real and can be measured is established,
together with the point that integration represents the main
technical risk; the text does not deal with the specific
architectural decision regarding whether to locate the WMS
within the ERP or to run it as a separate system, since it
regards the two as fundamentally different platforms.

2.2. SAP-Specific Practitioner Literature
There is little research available on the implementation
of SAP EWM, the main information being found in

publications by practitioners and in SAP's documentation.
Generally, these sources outline the differences between
embedded and decentralized EWM architectures and
examine their technical features. According to SAP's
guidance on enterprise architecture, there are two primary
deployment methods for organizations using SAP ECC or
SAP SCM as their initial system [1]. Nevertheless, the
discussion tends to center on architecture and functionality
rather than offering a systematic framework for deciding how
to proceed with deployment. At the same time, the SAP
EWM system-architecture FAQ and SAP Learning materials
establish canonical distinctions in master data handling,
availability, and scalability [2, 3]. Consulting analyses agree
on a common rule of thumb: embedded EWM is suitable for
single-ERP estates that have a moderate volume and limited
automation, while decentralized EWM is appropriate for
high-volume, heavily automated, or 24x7 operations that
need fault isolation and independent maintenance [10, 11, 13,
16]. This body of work is authoritative on the individual
dimensions. Still, it has two drawbacks: usually it gives the
dimensions in the form of an undifferentiated checklist rather
than as a weighted model, and it seldom makes the
distinction between criteria which act as genuine gates—that
is, ones which completely rule out one option—and those
which only slightly influence a balanced judgment.

2.3. Enterprise-Architecture Decision-Making and the
Research Gap

If two strands are considered as a whole, there is a clear
gap. While academic literature shows rigor in terms of
integration and measurable value, it overlooks the difference
between embedded and decentralized systems, a feature that
is particular to SAP's architecture after 2016. In contrast, the
practitioner literature is precise about that distinction.
However, it relies only on qualitative heuristics, lacking a
method for reproducible scoring, an explicit gate-versus-
weight structure, or validation based on a wide range of
implementation evidence from various industries. Moreover,
neither method regularly connects the architectural decision
to quantified economic value or clearly specifies which value
factors depend on the mode of deployment, and which are
common to both models. The article fills that gap by
presenting a weighted decision framework that accounts for
the gates, based on eight complete-cycle implementations in
five industries and cross-referenced with the sources
mentioned above, and by converting the final judgment into
indicative ranges for productivity, accuracy, and cost.

3. Evolution Of SAP Warehouse Management

Architecture

Understanding the two deployment options requires a
brief account of how SAP's warehouse portfolio arrived at its
current shape, because several of EWM's apparent
idiosyncrasies  are  inherited from  that history.
Figure 1 summarizes the trajectory.
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Fig. 1 Evolution of SAP warehouse management deployment architecture, 1993-2027

Classic Warechouse Management entered the market in
1993 as part of SAP R/3 and matured over more than two
decades as the bin-level inventory and transfer-order engine
of SAP ERP. To address performance and availability
concerns in high-throughput sites, SAP later permitted WM
to be installed as a standalone decentralized system,
receiving replicated inbound and outbound deliveries from a
host ERP and returning posted goods movements the same
way. This decentralized WM pattern established the
integration grammar that EWM would inherit.

The SAP Extended Warehouse Management system was
first presented in 2005 as part of the Service Parts
Management solution and was later developed into a
standalone application on the SAP SCM (NetWeaver)
platform. From the beginning, it was designed as a
decentralized system: master data moved from ERP via Core
Interface (CIF) using Queued Remote Function Calls
(qRFC), and every ERP document relevant to warchousing
had a corresponding EWM delivery document. Although
various releases up to EWM 9.5 improved this model
significantly, they did not change its decentralized nature.

The transition into the S/4HANA era altered the
topology without completely changing the internal
architecture. When S/4HANA 1610 was released, SAP
incorporated the EWM code line into the digital core,
removing the separate instance and the CIF for master data
move from S/4 to EWM. With the FPS02 update in 1809,
SAP allowed a dedicated S/4AHANA system to function as
decentralized EWM, thereby replacing the SCM platform as
the strategic foundation for standalone deployments [1, 14].
A minor result of this development is that embedded EWM
still remains, internally, a decentralized application: even
within a single S/4HANA system, deliveries are still sent
from the logistics core to the EWM component. What the
embedded model provides is the possibility, on a release-by-

release basis, to remove that boundary for certain processes,
most clearly seen in the case of synchronous goods
movement postings.

4. Materials and Methods

The study uses a design-oriented method based on
practical experience. The evidence it relies on consists of
eight complete SAP EWM implementations carried out by
the author in five different industries: pharmaceutical, food
and beverage, industrial manufacturing, retail, and
distribution. Five of these were embedded deployments on
S/AHANA releases from 1709 to 2309, and three were
decentralized deployments, one of which was an SCM-based
EWM 9.5 system linked to a non-SAP host ERP and the
other an S/4AHANA-based decentralized EWM that serves a
global pharmaceutical template. The architectural facts have
been checked against SAP's official product documentation
and enterprise-architecture guidelines [1, 2, 8] as well as
against the existing body of work by practitioners and
academics on WMS-ERP integration [10, 18, 19].

The analysis proceeds in three stages. First, the two
deployment models are characterized along the dimensions
that recur in architecture workshops, producing the
comparison consolidated in Table 1. Second, the dimensions
are reduced to eight decision criteria, each of which is
assessed on a scale from 0 (strongly favors embedded) to 4
(strongly favors decentralized) and is given a weight
according to the importance agreed upon by the stakeholders,
with two of the criteria being designated as gates that can
override the weighted scoring; this results in the framework
as shown in Table 2. Third, the framework is applied to a set
of anonymized scenarios taken from the implementation
portfolio, and the qualitative judgment is converted into
estimated economic ranges. The method is intentionally
made reproducible so that any architecture team can re-run
the scoring for its own warehouse network.
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4.1. Embedded EWM Architecture

In the embedded model, the EWM is part of the same
S/4AHANA instance, which also covers materials
management, sales and distribution, production, quality
management, and finance (as shown in Figure 2). Three
architectural characteristics result from this co-location:
products, business partners, and batches are each defined
only once, without the need for a CIF or replication layer;
delivery distribution between the core system and EWM

takes place within the same system; and any warchouse
upgrades are carried out at the same time as the ERP
upgrades. Since S/4AHANA 1709 and all subsequent feature
packs, synchronous goods movements have enabled a receipt
or issue recorded in inventory management to be posted
directly and synchronously in EWM, thereby creating or
completing the warehouse task within the same logical unit
of work. This feature is available only in the embedded
deployment.

SAP S/4 HANA - Single Instance

Logisti Fi E EWM
ogistics & Finance Core mbedded EW RF Devices
MM, SD, PP, QM, FI Warehouse Orders & Tasks - ITS Moblle/.Moblle
< > Applications
e  Purchase & Sales Order e POSC/LOSC
e  Production Order e Waves, PPF, RF
e Inventory Management Frameworks, MFS Layer .
(MIGO) e Bin-level Inventory Automation
< > MFS - PLC
> Conveyors
AGV, AS/RS

|

!

Replication)

Shared Master Data — Products, Business Partner, Batches (No CIF/No

SAP HANA Database — One System, One Lifecycle, One Transport Landscape

Fig. 2 Embedded EWM within a single SAP S/4HANA instance, showing shared master data, internal delivery distribution, and synchronous goods
movement postings

4.2. Decentralized EWM Architecture

In the decentralized approach, EWM is operated on its
own instance, currently using a dedicated S/4AHANA system
and in the past relying on an SCM-based EWM 9.x system,
with one or more host ERP systems to which it is connected
(as shown in Figure 3). The hosted system continues to be
responsible for purchasing, sales, production planning, and
inventory valuation; physical execution is the responsibility
of the decentralized EWM. Master data is replicated in one
direction, either by means of CIF and qRFC to a target based

on SCM or by means of ALE/IDoc distribution or the Data
Replication Framework to a target based on S/4AHANA [2,
14]. The model provides performance isolation and
availability, since the warehouse continues to operate
through host downtime, and landscape flexibility, since a
decentralized EWM can serve multiple hosts, including non-
SAP systems [11, 16]. In one of the author's programs, a
decentralized EWM 9.5 executed all warehouse operations
for a manufacturer whose system of record was an AS/400-
based legacy ERP.
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Fig. 3 Decentralized EWM on a dedicated instance serving SAP and non-SAP host systems through explicit master data and delivery integration
contracts

5. Results and Discussion
Table 1 brings together the architectural comparison
across the various dimensions that arise in deployment

workshops. The sections that follow look at the instances
where implementation experience most frequently goes
against initial intuitions.

Table 1. Architectural comparison of embedded and decentralized SAP EWM deployment models

Dimension Embedded EWM Decentralized EWM
. ) o Replicated one-way via CIF/qQRFC or ALE-
Master data Shared natively; no distribution layer IDoc/DRF
Goods posting Synchronous MIGO-to-EWM available Asynchronous; delivery round-trip mandatory
Performance Shares resources with a full ERP workload Dedicated, contention-free sizing
Availability Coupled to ERP maintenance windows Operates through host downtime
Release strategy Single lifecycle with the ERP Independent cadence; leads or lags ERP
Multi/non-SAP host Not applicable Serves several SAP or legacy hosts
Infrastructure cost Lowest; single landscape Higher, second landscape and monitoring

5.1. Integration Effort is Asymmetric, Not Merely Larger

It is commonly said that decentralized deployments
require more integration. The more precise statement is that
they require a different category of integration. Embedded
programs still configure delivery distribution, document
determination, and process-oriented storage control; what
they omit is the cross-system layer of distribution models,
queue supervision, and master data reconciliation. That layer

is not exotic, but it is permanent, existing on day one and on
every day of production operation thereafter.

5.2. Synchronous Posting Changes the User-
Experience Calculus
Before the introduction of synchronous goods

movements, there was a significant expense associated with
any adoption of an EWM system, that is, having to retrain
non-warehouse staff who had for years been posting receipts



Vinaykumar Sharma & Rajashiva Ramalingam / IJCTT, 74(8), 9-17, 2026

as part of their regular core transactions. The synchronous
posting feature of the embedded model eliminates that cost in
the situations it applies, so that the core transaction continues
to serve as the point of interaction for people. Meanwhile, the
EWM system carries out bin determination and task creation
behind the core transaction. Architects should therefore
consider not only the system's characteristics but also how
the impact of changes is distributed among different user
groups, since this is an area in which embedded EWM has an
advantage that no decentralized deployment can match.

5.3. Automation Intensity Interacts with Sizing and
Cadence

The integration of material flow systems involves the
warehouse =~ management  system sending  direct
communications to the programmable logic controllers that
control the conveyors, the automated storage and retrieval
systems, the automated guided vehicles, or the cranes. The
author has implemented automation related to MFS in an
embedded environment that includes AGV fleets, conveyor

routing, and a gantry crane system. The pressure that
automation exerts is not due to a lack of a feature but is the
result of two factors: the latency budgets for telegrams
become more restrictive when it comes to tolerating resource
contention, and the upgrade schedules of automation vendors
seldom match the corporate ERP release schedules. As a
result, highly automated and high-throughput facilities tend
to opt for decentralized deployments [13, 16].

5.4. A Decision Framework for Deployment Selection

The analysis is reduced to eight criteria, each of which is
assessed regarding the warehouse network being evaluated
(see Table 2). The architecture team assigns each criterion a
score on a scale from 0 (strongly in favor of embedded) to 4
(strongly in favor of decentralized), multiplies this score by
an agreed weight, and then adds up the results. The reason
for using arithmetic in this way is not to create a false sense
of precision but to ensure explicitness: each weight is a
recorded indication of what the organization values.

Table 2. Decision criteria and the conditions under which each favor a deployment model.

Criterion Favors embedded when Favors decentralized when
Throughput/latency Volumes within HANA sizing; no sub-second High volumes with tight MFS latency
latency budgets needs
oy Hours accommodate ERP maintenance windows 24x7 operation must survive ERP
Availability ;
downtime
ERP landscape Single S/4AHANA is the sole host Multiple ERPs or a non-SAP/legacy host

Release cadence

ERP and warehouse share one calendar

Warehouses must adopt feature packs
independently

Automation

Manual or lightly mechanized

Dense MFS-controlled automation

User change impact

Non-warehouse roles keep core transactions

Warehouse users are a distinct population

Operations capability

Limited basis/integration capacity

A mature 24x7 monitoring organization
exists

Cost posture

Cost minimization dominates

Availability and independence justify the
second landscape

Deployment Evaluation — Per Warehouse Network

v

GATE 1
Hard 24x7 availability mandate?

Yes

v

GATE 2
Multi-ERP landscape or non-SAP host?

A\ 4

Decentralized
EWM

Yes

v

Weighted multi-criteria scoring

v v !

Embedded Hybrid
EWM Estate

Fig. 4 Deployment selection logic: gate criteria resolve before weighted scoring, and hybrid outcomes are permitted per warehouse network
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Two structural rules complement the weighted scoring
(Figure 4). First, availability and ERP landscape act as gates
rather than weights: a hard 24x7 mandate, or a host
landscape that is not a single S/AHANA system, effectively
decides for decentralized regardless of other scores. Second,
the framework should be applied per warehouse network, not
per enterprise; hybrid estates, in which regional manual
warehouses run embedded while a flagship automated site
runs decentralized, are the norm rather than the exception
above roughly five warehouses.

5.5. Application Scenarios From Industry Practice

Four anonymized scenarios illustrate the framework
resolving in different directions. The decision in the global
pharmaceutical template for decentralized S/AHANA EWM
was determined by the landscape and release-independence
criteria, as it was not possible for a single embedded instance
to support a phased global rollout on heterogeneous hosts. In
an industrial manufacturer with a non-SAP AS/400 host, the
landscape criterion was absolute, because embedded EWM
was structurally unavailable without an S/4AHANA core. In a
food manufacturing plant characterized by a high degree of
automation, the criterion for automation tended towards

decentralization, but was eventually settled on embedded
automation through the use of a single ERP system,
compatible operating hours, and a lean operations team. In
two of the most recent single-instance distribution programs,
the criterion concerned with the impact of user changes was
the deciding factor, since the synchronous posting of goods
movements maintained the methods currently in use among
the production and quality staff.

5.6. Value Realization

The business significance of the architectural assessment
only arises when it is expressed in economic terms. Table 3
enhances the qualitative comparison by providing indicative
value-realization ranges, compiled from publicly reported
implementation results, vendor value-engineering practices,
and the author's own portfolio [17, 19], along with the
dependence of each lever on the deployment decision.

These ranges are intended as figures for use in
constructing a business case and not as guarantees, since the
actual results achieved depend largely on the maturity level
of the system being replaced.

Table 3. Indicative value-realization ranges by lever and dependency on the deployment decision

Value lever Range Deployment dependency
Picking/putaway productivity +10-25% Common to both models
Labor efficiency with LMS +5-15% Common to both models
Inventory accuracy >99% Common to both models
Shipping/order accuracy >99.5% Common to both models
Dock-to-stock cycle time —20-40% Common to both models
Storage utilization +10-20% Common to both models
Downtime revenue protection site-specific Decentralized only
Landscape run-cost avoidance one landscape Embedded only
Change-management avoidance training budget Embedded only

A transparent illustration makes the arithmetic concrete.
A distribution center which employs 120 pickers working at
a rate of 28 US dollars per hour over 2,000 annual hours
involves direct picking labor amounting to roughly 6.7
million US dollars; it therefore follows that each increase in
task productivity of ten percentage points is equivalent to
about 670,000 US dollars per year, meaning that a gain of
plus 10 to 25 per cent translates into an annual benefit of 0.7
to 1.7 million US dollars.

On the side relating to deployment, a site which ships
$250 million each year over 6,000 operating hours has a
shipped value of about $42,000 per hour, meaning that
twelve hours of annual ERP maintenance work amount to
roughly $500,000 of revenue exposure that the decentralized
model eliminates, whereas the embedded model completely
avoids the running costs of a second production environment,
a cost which is typically in the mid-six figures per year. In
economic terms, the choice regarding deployment is a matter
of which form of protection the organization prefers.

6. Conclusion

Embedded and decentralized EWM are not simply
different versions of the same product; they are two different
architectures that share the same functional core but have
opposite relations to the enterprise surrounding them. The
model focuses on the benefits of simple landscape design,
the use of common master data, and its uniquely valuable
feature of synchronous posting, although this comes at the
cost of tying the warehouse to the ERP's performance limits
and release schedule. The decentralized model obtains its
benefits in the form of isolation, availability, freedom with
respect to the landscape, and independence in terms of
release, but does so at the cost of requiring a second
landscape and involving a permanent obligation concerning
integration and operations. In an economic sense, most of the
value drivers associated with EWM are independent of
deployment and stem from the application itself. At the same
time, the choice of deployment determines the method of
protecting that value, the operating cost, and the speed of
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delivery. The framework described in this article turns this
trade-off into an explicit, weighted, gate-aware assessment
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