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Abstract: Several authors agree on the importance of integrating sales and operations (S & OP) when
it comes to improving the management of organisations. Thus, the relationship between S & OP can
be critical from a competitive point of view, and therefore strategic. However, most of the literature on
this topic focuses on the field of repetitive manufacturing. Consequently, this work aims to enhance
the scarce literature related to S & OP in organisations that produce make-to-order (MTO). The
present study is an analysis of cases of two industrial companies managed according to the theory of
constraints. In both cases, the relationship between sales and operations was initially poor. Their
approaches were mainly founded on their experience and intuition, as well as on simple data. The
development of a new approach, integrating S & OP, has demonstrated the potential advantages of
integrated management. As a result, we have identified some aspects of interest from a managerial
perspective. Furthermore, we consider the findings of this study to be relevant to improving the
competitiveness of this kind of organisation.

Keywords: project management; sales and operations; drum-buffer-rope (DBR); theory of constraints
(TOC); demand-driven adaptive enterprise (DDAE); demand-driven MRP (DDMRP)

1. Introduction

The evolution of the business environment has led to an increase in both the com-
plexity and competitiveness of organisations [1]. Bennet and Lemoine [2] defined the
entrepreneurial space as being volatile, uncertain, complex, and ambiguous (VUCA). In
these conditions, adaptiveness to change is an essential quality for companies to survive
today. Customer satisfaction is a factor that has acquired growing influence in terms of
competitiveness, and three aspects define it: product variety, speed and compliance relia-
bility [3]. To maintain their competitiveness, companies must improve their competence in
these for the long term [4,5].

The sustainable enterprise capital management approach [6,7] suggests, “the faster
an enterprise achieves and maintains a balance between its capitals” (namely tangibles,
financial capital, structural capital, market capital, human capital, and social capital). Con-
sequently, the efficiency of management is a balance between goal achievement efficiency or
the “point of balance between capitals” [7]. The authors warn that the search for objectives
often hinders the balance between the capitals. So, often, a goal is strived, and only later
does the search for the balance between the capitals begin.

The demand-driven adaptive enterprise (DDAE) model arose in response to the VUCA
environment to provide a complete model for management [8]. It is composed of three
components that together cover operational, tactical, and strategic levels of management.
The DDAE approach aims to address all three managerial levels consistently through
configuration-feedback-reconciliation cycles, and S & OP is a key process within this
framework. Importantly, DDAE incorporates a flow-based method for the operational
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level: the demand-driven operating model (DDOM). It is aligned with the DDAE approach,
aiming at improving ROI performance by protecting and promoting flow.

From this perspective, the sales and operations (S & OP) approach is an aspect of
special interest. Ling and Goddard stated that a consistent connection between the de-
partments of a company, based on aligned overall perspective, might provide significant
benefits that could not be achieved separately [9]. Furthermore, to get results, it is essential
to address any aspects that might cause organisational misalignments, such as mutually
inconsistent incentives or objectives. Organisational alignment is a key component of
S & OP that requires understanding and consistency at different levels, functions, and
decision areas of an organisation regarding its objectives [10]. Consequently, an advanced
S & OP approach can benefit operational management practices [11].

One critical aspect when dealing with supply chains is the type of products to be man-
ufactured. The characteristics of products strongly influence the production approach [12].
Depending on their features, these may be ‘functional’ (characterised by “stability, pre-
dictable demand and low margins”) or ‘innovative’ (signified by “short life cycles, high
variety, and more unpredictable demand”) [12]. Functional products should be manufac-
tured through efficient supply chains, typically manufacturing-to-stock (MTS). In contrast,
responsive supply chains are more suitable for innovative products, which is the case
for manufacturing-to-order (MTO) companies. This study addresses the development of
S & OP capabilities through the DDAE model in two MTO companies that manufacture
products on-demand with little or no repeat orders. These companies fall into the MTO-
VMC (versatile manufacturing companies) category, a context in which simultaneously
achieving high levels of productivity and on-time delivery (OTD) is difficult. Being aware
of this, the organisations undertook the search for a suitable method. In both cases, the
analysis carried out led to the conclusion that the drum-buffer-rope (DBR) method of the
theory of constraints (TOC) would meet their needs [13]. However, although they initially
considered that the problem was operational, the holistic approach of the TOC opened
their eyes. In this way, not only did they start implementing the DBR method, but also
oriented the company towards organisational alignment. Thus, both companies embarked
on an improvement process framed in the DDAE development path, starting at the first
stage of the model.

Nowadays, where the uncertainty and complexity of the market are high, it is crucial
to identify good practices to develop competitive advantages. The DDAE experience and
results achieved to date constitute a contribution of interest to academics and professionals
for several reasons. On the one hand, it shows the itinerary followed by two organisations
in their evolutionary process. The experiences from real-world applications help to under-
stand the underlying problems and implications from a holistic point of view. Likewise, the
investigation provides practical details on how to address DDAE implementations. Hence,
this study is of interest for organisations in general, but especially for MTO organisations.
On the other hand, DDAE is a promising but still emerging method. Consequently, the
existing literature is very limited. Nevertheless, it is expected that there will be a significant
development of the literature in the next few years, as happened with demand-driven mate-
rial requirements planning (DDMRP) [14]. Consistently with this objective, the application
of the DDAE model to VMC organisations contributes to filling the gap in the literature, as
there are no reported experiences of application to MTO organisations.

The purpose of this study is to increase and expand knowledge related to the applica-
tion of the DDAE model, particularly in the context of MTO manufacturing. It is intended
to make additional contributions to the existing literature in response to other authors’
suggestions, namely conducting more case studies on the application of DBR in the context
of MTO [15–17] and developing additional works based on integrated approaches to the
problem, beyond the typical perspective based exclusively on cost and benefit parame-
ters [18]. To this end, we describe the transformation process at two boiler-making VMC
companies within the framework of the DDAE model. The research compiles the journey
of both companies from the initial situation to the first results obtained within S & OP,
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covering steps 1 to 3 of the DDAE development path. In brief, it involved rethinking
their production models, adopting a DDOM based on DBR, and consistently aligning the
organisations towards overall objectives through the S & OP approach.

The present research consists of two case studies and a cross-case analysis. The
implementation of DDAE in both organisations is analysed first. Then a cross-case analysis
of the cases is carried out. To facilitate understanding, the structure follows the three
stages of the DDAE development path. The remainder of this paper is arranged as follows:
Section 2 provides the theoretical background of this study. Section 3 explains the objectives
and research methodology. The individual case studies conducted are reported in Section 4.
Section 5 is a cross-case analysis developed stage by stage. Finally, Section 6 summarises
the conclusions and limitations of the research and suggests directions for further study.

2. Theoretical Background

The current complexity of the market has been defined as VUCA in the introduction.
Organisations must adapt to this new reality, requiring suitable approaches. The DDAE
model is a clear example of this. It is a recently created model born in the VUCA context
which aims to provide a comprehensive response to the present needs of organisations.
The S & OP approach is one of the fundamental aspects of the DDAE framework when it
comes to integrating the different levels of organisations. The potential for improving the
competitive position offered by DDAE depends significantly on the proper adoption of the
S & OP approach. Organisational alignment is an essential aspect in this regard, which
turns particularly complex in the case of MTO organisations, the subject of this inquiry. This
section analyses the theoretical background of the concepts involved in the present study.

2.1. The DDAE Model

The DDAE model arose in response to the VUCA environment to provide a complete
model for management [8]. It is composed of three components that together cover the oper-
ational, tactical, and strategic levels of management, namely the demand-driven operating
model (DDOM), demand-driven sales and operations planning (S & OP), and adaptive
sales and operations planning (see Figure 1). The DDAE approach aims to address all
three managerial levels consistently through configuration-feedback-reconciliation cycles.
Relevant ranges for management and relevant information are crucial to the model [8,19].
Management strongly depends on the timely availability of information, and distortions to
this information may hamper the effective management of the system.

Sustainability 2022, 14, x FOR PEER REVIEW 3 of 18 
 

parameters [18]. To this end, we describe the transformation process at two boiler-making 
VMC companies within the framework of the DDAE model. The research compiles the 
journey of both companies from the initial situation to the first results obtained within S 
& OP, covering steps 1 to 3 of the DDAE development path. In brief, it involved rethinking 
their production models, adopting a DDOM based on DBR, and consistently aligning the 
organisations towards overall objectives through the S & OP approach. 

The present research consists of two case studies and a cross-case analysis. The im-
plementation of DDAE in both organisations is analysed first. Then a cross-case analysis 
of the cases is carried out. To facilitate understanding, the structure follows the three 
stages of the DDAE development path. The remainder of this paper is arranged as follows: 
Section 2 provides the theoretical background of this study. Section 3 explains the objec-
tives and research methodology. The individual case studies conducted are reported in 
Section 4. Section 5 is a cross-case analysis developed stage by stage. Finally, Section 6 
summarises the conclusions and limitations of the research and suggests directions for 
further study. 

2. Theoretical Background 
The current complexity of the market has been defined as VUCA in the introduction. 

Organisations must adapt to this new reality, requiring suitable approaches. The DDAE 
model is a clear example of this. It is a recently created model born in the VUCA context 
which aims to provide a comprehensive response to the present needs of organisations. 
The S & OP approach is one of the fundamental aspects of the DDAE framework when it 
comes to integrating the different levels of organisations. The potential for improving the 
competitive position offered by DDAE depends significantly on the proper adoption of 
the S & OP approach. Organisational alignment is an essential aspect in this regard, which 
turns particularly complex in the case of MTO organisations, the subject of this inquiry. 
This section analyses the theoretical background of the concepts involved in the present 
study. 

2.1. The DDAE Model 
The DDAE model arose in response to the VUCA environment to provide a complete 

model for management [8]. It is composed of three components that together cover the 
operational, tactical, and strategic levels of management, namely the demand-driven op-
erating model (DDOM), demand-driven sales and operations planning (S & OP), and 
adaptive sales and operations planning (see Figure 1). The DDAE approach aims to ad-
dress all three managerial levels consistently through configuration-feedback-reconcilia-
tion cycles. Relevant ranges for management and relevant information are crucial to the 
model [8,19]. Management strongly depends on the timely availability of information, and 
distortions to this information may hamper the effective management of the system. 

 

Figure 1. DDAE model and relevant ranges definitions (Figure 7-1, p. 156). Reprinted with permission
from Ref. [8]. Copyright 2018 Industrial Press, Inc.



Sustainability 2022, 14, 2722 4 of 18

Ptak and Smith [8] define four prerequisites to relevant information, emphasizing
that all of them are needed for this purpose: understanding relevant ranges, tactical
reconciliation between relevant ranges, a flow-based operating model, and a flow-based
metrics suite. These prerequisites are briefly described below:

• Understanding relevant ranges mean that assumptions are valid within suitable periods.
Consequently, assumptions and relevant information related to different ranges may
differ significantly. This is the case for the operational, tactical, and strategic ranges.

• The relevant ranges must be continuously and iteratively reconciled. Thus, when
dealing with the strategy, a company must consider its operational capability and
performance. By the same token, the strategy influences the operational capability.
Finally, to reconcile the operational and the strategic ranges, the tactical range must
operate bi-directionally.

• A flow-based operating model aims at protecting and promoting flow. From this perspec-
tive, flow can be a unifying factor not limited to operations but also between functions.

• To support a flow-based operating model, a company must adopt suitable metrics for
each one of the relevant ranges. Those metrics must be reconcilable between ranges.
In this way, such metrics should assist the company in maintaining organisational
consistency and controlling variability.

In the context of DDAE, work carried out by people who are consistently aligned
is referred to as collaboration [8]. The DDAE model adopts the following definition for
S & OP, which is a key process within its framework [11] (p. 154):

“A process to develop tactical plans that provide management the ability to strate-
gically direct its businesses to achieve competitive advantage on a continuous basis by
integrating customer-focused marketing plans for new and existing products with the
management of the supply chain. The process brings together all the plans for the business
(sales, marketing, development, manufacturing, sourcing and financial) into one integrated
set of plans. It is performed at least once a month and reviewed by management at an
aggregate (product family) level”.

The DDOM effectively links the actual demand and S & OP, the tactical range of the
DDAE model [8]. In other words, it matches the operational capability and the strategic
requirement. Thus, it generates real-time signals based on the actual demand. The DDOM
strongly depends on DDMRP, “A method to model, plan and manage supply chains to
protect and promote the flow of relevant information and materials. DDMRP is the supply
order generation and management engine of a demand driven operating model” [20]. The
three components of the DDMRP are demand-driven MRP, demand-driven scheduling,
and demand-driven execution [14].

The key aspects of each stage are summarised below:

• Stage 1 is typically the starting point for most companies. In this context, the manage-
rial approach to maximising overall results is mainly focused on minimising costs and
maximising resource usage. The flow concept is neglected or even ignored.

• Stage 2 is the first step to becoming a demand-driven company. The aim is to enhance
overall performance. The main operational driver is flow, orientated towards enhanc-
ing OTD. The concepts, criteria, and metrics of stage 2 are not compatible with those of
stage 1. Consequently, the move to the second stage entails a change in methodology,
which in turn implies a change in their way of thinking.

• Stage 3 is the first step towards a demand-driven organisation. It requires DDOM
to be fully implemented, and its focus is on improving flow performance based on a
tactical analysis beginning with S & OP.

• The aim of stage 4 is to “Leverage the DDOM capability across the enterprise and into the
market”. Thus, the entire organisation must understand it from an overall perspective.

• Stage 5 deals with adapting and improving the organisational capabilities of the
organisation facilitating the flow between the participants in the supply chain.
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The model defines a five-stage implementation path to guide companies through the
progressive adoption process (see Figure 2).
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2.2. The S & OP Approach

S & OP is a key process within a company that aims at reconciling the market demand
and the production capacity [22]. Within this framework, companies consistently develop
the plans they need at different decision levels; thus, they typically cover a period of up to
the next eighteen months [23]. According to the traditional view, the objective of S & OP is
to respond to the market demand efficiently (i.e., in terms of cost, time, and quality) [24]

Conceptually, S & OP has been around for many years, even though little was pub-
lished about it until relatively recently [25]. Although Singhal and Singhal [26] placed the
origins of S & OP in the 1950s, the term itself was developed in the 80s [9]. Its originators
suggested that a consistent connection between the departments of a company, based on
aligned overall perspective, might provide significant benefits that could not be achieved
separately. Importantly, they highlighted the necessity to address any aspects that might
cause organisational misalignments, such as mutually inconsistent incentives or objectives.

Traditionally, the areas of a company directly involved in supply chain manage-
ment (procurement, production, distribution, and sales) have worked independently, and
organisational misalignment has resulted in consequences across businesses [27]. Organi-
sational misalignment occurs when the different functions of a company pursue distinct
objectives [28]. As a result, different viewpoints influence their decisions and behaviour.
Organisational alignment is a key component of S & OP that requires understanding and
consistency at different levels, functions, and decision areas of an organisation regarding
its objectives [29]. Thus, the adoption of an advanced S & OP decision support system
can benefit operational management practices [18]. Performance measurement is a critical
aspect to success within S & OP [30–32]. From this perspective, some authors claim that
sometimes the objective should include other parameters beyond the traditional cost/profit
optimisation, such as service level [18] or OTD performance [33]. Thus, the need for specific
and mutually consistent supply chain metrics has been identified as a necessary aspect
that can improve the integration of the different functions of the organisation, thereby
contributing to increasing organisational alignment.

The issue of reaching an integrated response has spurred interest [1]. Several authors
agree that it can significantly enhance organisational performance [18,23,27]. Guo et al. [10]
reported the influence of cross-functional integration on a company’s performance, stating
that it was critical for different performance dimensions across an organisation. From
this standpoint, Kathuria, Joshi, and Port [29] emphasised the significance of positioning
when implementing strategies, which “is fostered by aligning and adjusting key systems,
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processes and decisions within the firm”. They explained that organisational alignment
could be vertical (involving the various levels of a company) or horizontal (being cross-
functional and intra-functional). They concluded that organisational alignment requires
a consistently integrated approach. Grimson and Pyke [25] focused on the potential
of combining operations and sales, suggesting that the impact of an integrated vision
combining these two functions could be more significant when factoring in the benefits of
operational cost reductions and revenue growth from sales, respectively.

The context of the application is another relevant aspect within the S & OP framework,
as it may lead to diverse results and consequences. Olhager, Rudberg, and Wikner roughly
describe S & OP as a sales plan and a production plan, which must be balanced [34]. Devia-
tions between sales and production plans will be reconciled in different ways depending
on the production approach. Thus, the mechanism to compensate deviations in MTS
companies is stock, whereas in the case of MTO firms a backlog plan will be required. As
organisations must have proper capacities to cover the demanding needs of the market,
planning is a crucial issue. Stadtler and Kilger [35] established three levels of planning
within the S & OP view, considering the importance of decisions and the corresponding
time horizons: long-term, medium-term, and short-term. The long-term corresponds to the
strategic level, concerning the decisions regarding the future of the supply chain. Conse-
quently, the time horizon covers several years. The medium-term deals with the planning
of flows and resources at an aggregate level, over a horizon that can range from a few
months to a year. Finally, the operational level focuses on the short term (days or weeks),
considering execution and control at a detailed level.

Since it was coined, S & OP has evolved across different stages until the present day,
transcending the intra-organisational scope [36]. The basic S & OP design described in
handbooks [9,37] can be applied in most organisational contexts. However, the detailed
design depends on the context because the specific problem that S & OP must solve may
differ between contexts, as different S & OP designs may be required to solve the same type
of problem in different contexts. [38] The overall S & OP problem has not been characterised
in one single model [18,38]. On the contrary, the cases reported in the literature deal with
partially integrated approaches or with specific cases. On the other hand, S & OP has been
developed by practitioners to a large extent [25]. Despite the growth of academic literature
about this subject during recent years, gaps between industry needs and academic research
still exist [30]. Several authors claim new approaches capable of dealing with integrated
management within the S & OP framework. For example, Pereira suggests developing new
procedures that allow the integration of other decisions into the models [18]. The literature
evidences the high level of correspondence between the overall S & OP view and the DDAE
model. Section 2.1 demonstrates that the foundations of the DDAE model are in line with
this perspective. Importantly, flow, ranges (i.e., strategic, tactical, and operational), and
metrics are noteworthy in both views. All this justifies the interest in developing DDAE
model implementation case studies, to contribute to the development and expansion of the
literature on the subject.

2.3. MTO

MTS typically manufacture a small variety of products in high quantities with short
delivery times. Inventory usually plays a key role in this type of environment [39], in a
way that allows the purchase and manufacture of products to begin before an order is
placed [40]. As defined by Amaro, Hendry, and Kingsman [41], for MTO manufacturing,
orders are placed for basic designs. Customisation is a key feature, and manufacturing
begins after an order is generated. Consequently, it is not possible to accurately forecast
demand for products that are manufactured only after a customer’s order is confirmed.
In terms of purchasing, only raw materials or components that are regularly used can be
purchased in advance and stored. It means that the use of inventory as an aid for production
management [39] is limited and highly dependent on the characteristics of each case. MTO
companies can either be repeat business customisers (RBCs) or versatile manufacturing
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companies (VMCs) [41]. RBC companies produce customised products that are ordered
and produced more than once. Compared to RBCs, VMCs produce a wider variety of
products with little or no repeat orders. Thus, the characteristics of VMC organisations
make it very difficult to achieve high levels of productivity and OTD simultaneously [42].

The environment in which MTO companies operate is becoming increasingly com-
plex [43]. To increase competitiveness, these organisations must increase their OTD relia-
bility. It involves improving their efficiency throughout the entire order-delivery process,
especially to the customer inquiry stage [40]. Typically, MTO companies adopt a job shop
arrangement to manufacture a wide variety of products in small quantities. It is consistent
with their reactive approach. In other words, the ability to adapt to customer needs in
terms of flexibility, quality, and OTD is essential to be competitive in MTO contexts [1,44]

There are clear parallels in multi-projects and MTO, especially considering the dif-
ficulties in managing resources for simultaneous activities. There are clear parallels in
multi-projects and MTO, especially considering the difficulties in managing resources for
simultaneous activities. Thus, an organisation must deal efficiently with the activities
required to reach its objectives [45]. Tenhiäla and Ketokivi [46] analysed operational MTO
performance and focused on product customisation, order management, and operational
performance. They found that managerial practices and information processing were very
different depending on the level of customisation required, concluding that the use of
certain project management (PM) practices was important when dealing with high levels
of customisation. Furthermore, several attempts to apply the PM approach to MTO have
been reported in the literature, given the similarities between the two [45].

2.4. DBR

The companies analysed decided to implement DBR, the TOC production management
method [13]. DBR pursues comprehensive management of the production system focused
on its constraint(s), called the drum. According to this perspective, the drum must govern
the system. The drum’s production program is developed to meet the organisation’s needs,
and the rest of the system is subordinated to this plan. The rope is the link between the
production program and the entrance to the process. This way, the materials are timely
supplied to the system following the overall priorities. Finally, a buffer protects the drum
against variability. The buffer is a part of the program produced before its need date in
the drum. The availability of materials at this point guarantees the on-time supply of the
necessary orders to the drum, consequently allowing it to work non-stop.

The DBR approach is consistent with the DDAE-DDOM perspective [44]. DDOM
is based on DDMRP, and one of the underlying foundations of DDMRP is TOC. Thus,
although DDMRP is suitable for organisations that work with stock, the DDOM is equally
valid for other types of organisations, such as MTOs. As materials management lacks
prominence in the case of MTO-VMC organisations, DDMRP cannot be applied regularly.
The focus should be on manufacturing order management. As a result, in MTO-VMC con-
texts only two of the three components of DDMRP are relevant: demand-based scheduling
and demand-based execution.

3. Materials and Methods
3.1. Objectives and Research Methodology

The capital goods sector is of great importance in the Basque country. There are many
MTO-VMC SMEs, and the boiler-making industry is of particular interest. The study of the
literature has revealed the lack and the need for additional bibliography. Thus, this study
aims to deepen practical knowledge of the application of the DDAE model in this industry.

The definition of the unit of analysis and the case selection process are keys to the case
study method. In this study, the unit of analysis was the company, and case selection was
based on three criteria:

• Manufacturer firms were selected from the Basque country.
• We chose MTO-VMC firms.
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• The companies had to be engaged in the capital goods sector.

Each of the previously stated three criteria was verified before the execution of the
cases. Other practical issues, such as the willingness to participate and accessibility, were
also considered. The case companies have similar sizes, production processes and skills.
However, the characteristics of their products are different and involve significant differ-
ences from the production point of view. These differences mainly concern the management
of production capacity, delivery times, and costs. Hence, we believe that the analysis of
both cases provides a broad overview of the essential aspects of this context.

Given the characteristics of this inquiry, we chose to conduct it using the action research
(AR) methodology [47]. Consequently, the research is addressed through an approach
largely applied in the field of operations management [48]. AR is a variant of case study
research, in which a researcher is directly involved in their research activities [49–51]. The
very nature of the DDAE model (see Figure 1) requires activities to be organised based on
configuration-feedback-reconciliation cycles to progressively pass levels, which adequately
fits the AR approach developed by Coughlan and Coghlan [50]. It is summarised in Figure 3.
Furthermore, observations obtained from both academics and practitioners are part of this
work [52–54]. A brief description of the stages in the particular context of this research is
provided below:
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• Context and purpose: the researchers, in collaboration with the managers and the
key functions involved, conducted an initial analysis for each company. As a result,
both companies decided to launch an implementation project and develop their im-
plementation plans. The general approach was based on a weekly meeting of the
implementation team. Key members of the company and researchers composed the
implementation team. Depending on the new needs, the assistance of additional
participants or different sessions was occasionally required.

• Data gathering: the researcher, as a participant, directly observed and accessed data
and information. The main information sources were participant observation, docu-
ments, and software.

• Data feedback: the data and information available were reported to the company
(typically every week) and shared with other researchers involved in the study.

• Data analysis: it was conducted regularly, in collaboration with the company (typically
every week). The joint data analysis enables combining the practitioners’ know-how
and the theoretical knowledge of the researchers. Thus, the appropriateness of the
data for the case was guaranteed.
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• Action planning: definition, prioritisation, and planning of actions to be deployed and
implemented. This part was influenced by both resource availability and the response
of the software supplier.

• Implementation: execution of the actions defined in the previous point as defined in
the plan.

• Evaluation: assessment of the progress of the action plan to get an overall picture of
the situation, as well as data and information valuable for the next cycle.

• Monitoring: this meta-step looked for a timely and precise perspective of on-going
actions and the overall progress. Initially, the approach was mainly based on the
weekly meeting. However, at stage 2 a monthly meeting was also implemented to
analyse overall results and look for improvements and opportunities. Apart from the
implementation team, the foremen and the key employees involved in the S & OP
participate in this meeting.

This study focuses on corporate transformation carried out by two boiler-making
companies in Spain’s Basque country. Both companies began this journey at the lowest
level of the DDAE model; thus, they have developed new capabilities as they have pro-
gressed through the model. This analysis is based on two-year observation periods at each
organisation. The details are discussed in the next section.

3.2. Case Studies

The cases analysed in this study share several common features. Both companies are
industrial boiler makers that manufacture products for other organisations. Their process
begins with their customers providing a specification for their orders. The companies
then complete the engineering work (design plans and bills of materials) and the materials
purchasing and production, which may vary depending on the characteristics of the
product. The implications of these features will be detailed in each case.

OTD is an important aspect of the boiler-making industry. Both companies were aware
of this and tried to orientate themselves towards it. However, neither of them achieved a
consistent and efficient managerial approach. Each section of their businesses was managed
almost autonomously, causing purchasing and production orders to be placed as soon as
they were available. In addition, they were driven by ‘productivity and cost-orientated
metrics’ (e.g., minimising the hours needed to complete each manufacturing order). This
approach typically led to the companies reaching both high levels of productivity and low
overall OTD service levels—far below the expectations of their respective managers.

After disappointing results had continued over time, the companies decided to conduct
studies to improve their performance. They found that their approach to production had
been strongly based on local criteria. This caused misaligned practices that conflicted with
their main objective (i.e., high level of service). Consequently, the organisations decided
to undertake organisational change. Firstly, they adopted an operational model based
on the DBR approach. After implementing and adjusting to their new approach, they
continued to implement an integrated managerial approach, framed on the DDAE model
(see Figure 1). At the time this study was developed, both organisations had taken their first
steps into stage 3 of the DDAE development path. The case studies in Section 4 analyse the
stage-by-stage progression of the companies. The results of the case studies are discussed
in Section 5 based on a cross-case analysis.

4. Results
4.1. Case 1

Company 1 designs and manufactures customised large structures in small batches
(often unitary). Its acquisition of raw materials strongly influences delivery times, which
may vary considerably depending on the characteristics of the materials ordered. Thus, the
delivery time for one product typically ranges from 1 to 6 months. In addition, one order
may comprise several deliveries and take more than a year to complete.
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4.1.1. Stage 1: Operational Efficiency—Cost

The initial underlying criterion in batch manufacturing is economical. It assumes that
producing larger batches will result in better purchasing prices and fewer hours spent on
completing orders. In other words, the company was expected to improve productivity
and costs, thereby achieving better overall results.

An initial assessment uncovered several unexpected factors. Furthermore, it was
revealed that the organisation was not even aware of the consequences of its decisions. First,
minimising the hours required to complete an order entailed placing all manufacturing
orders that were necessary for completion. A customer order might comprise one or
more manufacturing orders, each one associated with a specific delivery date (progressive
deliveries). Consequently, once the corresponding manufacturing orders were placed, large
volumes of semi-finished products would build up, consuming more capacity than was
needed at that moment. In addition, these capacity peaks often required additional capacity
to meet internal milestones, which necessitated overtime or the use of subcontractors.
Finally, from the perspective of service, the impact on workflow was negative. Only the
first order progressed continuously until completion. The rest of the orders remained stuck
in the process for a long time, obstructing and hindering the workflow. In brief, while the
productivity level of each section was high, overall OTD performance was poor.

4.1.2. Stage 2: Operational Efficiency—Flow

The DDOM shown in Figure 4 was applied in response to the problems posed in
the previous section. The heart of the system was the job shop, managed through the
DBR approach and focusing on the strategic drum (i.e., the process of machining). The
drum was protected against uncertainty by the drum buffer (a time buffer), which gave the
programme reliability and stability. The post-drum processing was handled similarly by
another checkpoint (C2) and the shipping buffer (also a time buffer), which was located
between the end of the production process and shipment to protect shipment dates.
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Figure 4. The demand-driven operating model implemented in Case 1. Note: The control point C1
connects the design and production (job shop) processes. The drum D limits the capacity of the entire
system and sets the overall production rate. Both C1 and D are decoupling points protected with
time buffers.

The rest of the system was organised around the DBR within the DDOM and the
DDAE frames, as shown in Figure 1. The design department provided drawings and
bills of materials to the job shop. The C1 control point managed the connection between
the design and production (job shop) stages. This was another decoupling point with its
corresponding time buffer, which contributed to the timely delivery of documentation
and materials.

The progressive development and implementation of the model involved a deep
change in the mindset of the company. This enabled it to move from a cost-based approach
to one that was flow-based in design, purchasing, and job shop activities. The new approach
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also provided multiple advantages from a managerial perspective. Planning, programming,
and reporting became easier, enabling permanent updating of data and information. Thus,
the system provided clear visibility based on priorities at all levels, aligned towards the
overall objective. Furthermore, the time buffers provided protection against uncertainty,
making the system more predictable and stable. In addition, the margin of capacity
available in non-buffer resources enhanced the reactivity of the company. As a result, the
time previously spent reacting to emergencies and unexpected situations was significantly
reduced, thereby facilitating better system management.

The information reported by the company proved that results had been significantly
improved. The flow-related results over the period observed were 100% OTD and 10%
average lead-time reduction. Other metrics were also improved, namely 20% less work
in process, 20% fewer purchase orders in progress, 25% fewer manufacturing orders in
progress, 40% less material in the job shop and 20% fewer quality issues. The company also
reported that although there had been an increase in working hours during the processes
preceding the bottleneck, these were accomplished at regular capacity.

4.1.3. Stage 3: Approaching the DDAE

After the DDOM was established, the performance level of the organisation was
monitored over time, with a focus on the main metrics. The global performance and stability
levels reported were significantly higher than in past results. Furthermore, the better results
were sustained over time, confirming that the DDOM had led to an improved overall
performance. However, occasional situations that altered the company’s performance were
reported. Problems that originated outside the operational model were identified, such
as order commitment dates sometimes causing workload peaks and valleys, challenging
the operational capabilities of the DDOM and thereby reducing its performance. When
discussing this issue with the sales department, it was discovered that the department’s
main metric—its monthly sales figures—had had a significant impact on the system. This
metric was directly linked to the annual sales objective, which sought to achieve the
necessary sales to meet the company’s annual objective.

In this way, the monthly figure determined the result for the period, while the accu-
mulated annual figure provided an aggregate view of the year. Hence, this indicator was
exclusively economic and had no relationship whatsoever with capacity or time. Under
these conditions, the sales department lacked the motivation to coordinate sales within the
organisation’s capabilities. Besides, neither this indicator nor any other information had
warned of such problems. As a result, the distribution of the resulting workload made the
organisation’s aligned management difficult, as by not considering the time factor, the sales
generated significant disorders in the production system. In summary, the target monthly
sales indicator had been a source of misalignment in the system that had a direct impact on
the DDOM’s performance, making evident the need to align the different components of
the organisation beyond the DDOM.

4.2. Case 2

In the case of Company 2, standard raw materials could be acquired in one or two
weeks, and orders were completed in three or four weeks. The work lasted a few days at
each stage (sometimes even hours). Thus, this operational scenario was significantly more
dynamic than in Case 1.

4.2.1. Stage 1: Operational Efficiency—Cost

The organisation’s approach was to start work on jobs as soon as possible, in the belief
that doing so would contribute to compressing schedules. Section managers would then
aim to reconcile resource utilisation with delivery dates. However, the study carried out led
to similar conclusions to Case 1, proving that this approach was counterproductive. Placing
orders as soon as possible increased work in progress (WIP), thereby making it difficult to
manage each manufacturing section. The metrics, orientated towards local productivity
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enhancement, led managers to prioritise orders with the highest chance for fast completion
(i.e., those with the greatest materials availability). On the other hand, jobs were assigned
to maximise the number of tasks running simultaneously. Finally, the only time reference
was the order delivery date, which turned into the only order prioritisation criterion.

The feeling was that the combination of these criteria would enhance each depart-
ment’s productivity, thereby improving the overall result. However, an assessment showed
that such an improvement was an illusion. Delivery date was found not to be a valid
criterion for priority management at the operational level. The very nature of each job
determined the time required, and the delivery date did not provide significant information
for decision making at the section level. Furthermore, the WIP made work management
more difficult, especially in terms of priorities. Likewise, maximising the number of
on-going activities entailed longer deadlines, as the concentration of resources had been
minimised. In summary, the initial approach resulted in good local results alongside poor
overall results, proving the ineffectiveness of the previous model and the existence of
organisational misalignment.

4.2.2. Stage 2: Operational Efficiency—Flow

The same approach used in Case 1 was also applied here. Hence, the DDOM was
similar to the previous model (see Figure 5), in that the heart of the system was the drum
schedule, which was managed through DBR. It was the basis for setting the priorities
for the rest of the organisation, which were updated every day with the assistance of the
information system. Compared to Case 1, the main differences were:

• The drum was the assembly welding resource (in Case 1, it was the process of machining).
• Once the job shop works were completed, some external operations were still required.

The post-DBR processes were subordinated based on overall needs as in the design
process. The control point C2 connected the job shop and the post-DBR activities,
managing deliveries to external operation suppliers.

• Two additional control points managed post-DBR activities consistently with the
delivery dates: C3 controlled the flow of incoming orders from the external operation
suppliers, whereas C4 managed the timely assembly and shipment of orders.

Sustainability 2022, 14, x FOR PEER REVIEW 13 of 18 
 

Once the software was fully available, the managers became aware of the advantages 
of the approach. As in Case 1, tasks related to planning, programming and reporting were 
easier and the information provided by the system proved to be valuable for managing 
various areas of the company. Thus, the company obtained highly accurate and valuable 
information that provided unprecedented visibility. Furthermore, in the early stages of 
implementation, everything seemed to point to a general improvement in the organisa-
tion’s performance. Nevertheless, the preparation of the system for use coincided with the 
outbreak of the COVID-19 pandemic. A substantial drop in sales made it impossible to 
work within conditions suitable for testing the full capabilities of the system in real con-
ditions. Thus, there are not yet any conclusive results available. 

 
Figure 5. The demand-driven operating model implemented in Case 2. Note: The approach, repre-
sentation, and symbols for Case 2 are the same as in Case 1. The control point C1 connects the de-
sign and production (job shop) processes. The drum limits the capacity of the entire system and 
sets the overall production rate. The control point C2 connects production (job shop) and post-
DBR external processes. C1, C2, and the drum are decoupling points protected with time buffers. 
Post-DBR operations and final assembly are managed through control point C3. 

Nevertheless, the system was tested and adjusted for different situations as the mar-
ket recovered. It worked as expected, although workload conditions were still below nor-
mal levels. It was found that the method aligned the different sections with the global 
objectives, reaching promising performance results. Furthermore, the system behaved 
very similarly to that in Case 1. Thus, even though additional tests in full-load conditions 
are still required, we do not see any reason to think that it would not work properly. 

The result of the assessment carried out from a managerial perspective is highly co-
incident with Case 1. The new model has aligned reliably the entire organisation towards 
its main objective, which is OTD. The key is to promote flow through suitable use of re-
sources by focusing on the appropriate priorities. Moreover, this approach is coherent and 
manageable both at general and local levels (i.e., company and section or department). 
The DBR program set the dates and priorities in the buffer reliably and the priorities for 
the rest of the organisation unfolded accordingly. 

The availability of information was a critical aspect, and the information system was 
a key component for getting valuable and updated information. This allowed resources 
to be managed according to the necessary priorities and adapted to the real circumstances 
of each moment (e.g., availability of materials). Another important matter was the need to 
adapt to changing conditions. The inherently short lead times of the orders caused this 
context to be very dynamic; thus, it required frequent monitoring and continuous decision 
making. Consequently, it was necessary to hold daily coordination meetings between 
managers. 

As a result of the work carried out, the managers highlighted that their organisation 
had significantly increased its reactivity. Besides, the early results made evident the need 
for a means to get answers systematically. Thus, the company initiated a tactical analysis 
of the new model to gain wider alignment beyond the operational level. Despite the deli-
cate market conditions caused by the pandemic, the system was ready. 

4.2.3. Stage 3: Approaching the DDAE 

Figure 5. The demand-driven operating model implemented in Case 2. Note: The approach, rep-
resentation, and symbols for Case 2 are the same as in Case 1. The control point C1 connects the
design and production (job shop) processes. The drum limits the capacity of the entire system and
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Once the software was fully available, the managers became aware of the advantages
of the approach. As in Case 1, tasks related to planning, programming and reporting were
easier and the information provided by the system proved to be valuable for managing
various areas of the company. Thus, the company obtained highly accurate and valuable
information that provided unprecedented visibility. Furthermore, in the early stages of
implementation, everything seemed to point to a general improvement in the organisation’s
performance. Nevertheless, the preparation of the system for use coincided with the
outbreak of the COVID-19 pandemic. A substantial drop in sales made it impossible
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to work within conditions suitable for testing the full capabilities of the system in real
conditions. Thus, there are not yet any conclusive results available.

Nevertheless, the system was tested and adjusted for different situations as the market
recovered. It worked as expected, although workload conditions were still below normal
levels. It was found that the method aligned the different sections with the global objectives,
reaching promising performance results. Furthermore, the system behaved very similarly
to that in Case 1. Thus, even though additional tests in full-load conditions are still required,
we do not see any reason to think that it would not work properly.

The result of the assessment carried out from a managerial perspective is highly
coincident with Case 1. The new model has aligned reliably the entire organisation towards
its main objective, which is OTD. The key is to promote flow through suitable use of
resources by focusing on the appropriate priorities. Moreover, this approach is coherent
and manageable both at general and local levels (i.e., company and section or department).
The DBR program set the dates and priorities in the buffer reliably and the priorities for the
rest of the organisation unfolded accordingly.

The availability of information was a critical aspect, and the information system was a
key component for getting valuable and updated information. This allowed resources to be
managed according to the necessary priorities and adapted to the real circumstances of each
moment (e.g., availability of materials). Another important matter was the need to adapt to
changing conditions. The inherently short lead times of the orders caused this context to
be very dynamic; thus, it required frequent monitoring and continuous decision making.
Consequently, it was necessary to hold daily coordination meetings between managers.

As a result of the work carried out, the managers highlighted that their organisation
had significantly increased its reactivity. Besides, the early results made evident the need
for a means to get answers systematically. Thus, the company initiated a tactical analysis of
the new model to gain wider alignment beyond the operational level. Despite the delicate
market conditions caused by the pandemic, the system was ready.

4.2.3. Stage 3: Approaching the DDAE

Due to the dynamic, monitoring the key points of the system over time was prioritised
to determine the coherence of the operational and tactical fields based on objective informa-
tion. Thus, as the system was ready, the tactical analysis of the new model was launched
despite the unusual market conditions caused by the pandemic. The main metric defined
to determine system performance was the level of service, complemented with program
compliance at the control points. These metrics enabled the identification of critical points
and non-compliance causes. The main findings of this stage are as follows:

• The main problems identified were supply delays and overly short customer delivery
times that were often impossible to meet. Both problems were rooted in the unique
market situation, which was expected to be transitory.

• Internal processes did not generate delays in addition to those caused by supplies. On the
contrary, supply delays were often totally or partially recovered by the internal operations.

• The welding process (immediately after the drum) proved to be more efficient than
the preparation processes (immediately before the drum).

• When the materials were supplied on time, the drum program compliance level was
close to 100%.

The results seem to confirm that the system met the requirements of the process for
which it was defined. The data collected indicate that the time buffers and the capacities
defined were suitable. Likewise, the information system demonstrated its ability to generate
timely information that was necessary to manage the system under the model.

5. Discussion

This analysis is framed in the DDAE model. To facilitate reading, the essential aspects
of each implementation experience are organised according to the phases of the model.
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5.1. Stage 1

The suspicion that their performance had been below potential prompted both com-
panies to seek to improve their capabilities. In both cases, this situation resulted in an
external assessment. This enabled the companies to identify reasons why their performance
was below potential and caused them to miss their objectives. The assessment revealed
that their previous processes were based on local perspectives, with cost minimisation
being the main underlying criterion. It led to practices such as grouping purchase and
manufacturing orders into batches to keep costs and manufacturing time to a minimum
or maximise resource utilisation. The performance measures were also consistent with
this vision and favoured and encouraged these practices. However, they were found to
penalise other aspects that had not been identified until that point, and whose impact had
not been correctly assessed. The main objective, OTD, was the most affected aspect. But
other negative consequences, such as unnecessary storage costs or limited cash flow, were
also identified.

Another interesting finding was that PM might assist in identifying deviations. Due
to their background and how they had developed, both organisations lacked a PM cul-
ture and practices. Consequently, by the time the deviations had been identified, it was
too late. However, the analysis also revealed that even if they had detected the devia-
tions earlier, they would hardly have been able to react on time. The existing metrics
and organisational misalignment would have made it impossible to articulate a suitable
response. In brief, the result of the diagnosis made the companies aware of the impact of
their organisational misalignment.

5.2. Stage 2

The assessment led the organisations to change their operational approach, moving
from a cost-based operational model to a flow-based one. They adopted a DDOM based on
DBR and were inspired by the DDAE model, which had proven its effectiveness. The control
points enhanced the control capabilities of the system and the buffers protected performance
against uncertainty. Beyond improving operational results, the DDOM provided substantial
advantages from a managerial perspective. First, it enabled the alignment of different
sections of the company, consistently with the overall objectives. The DBR approach
generated a program for the bottleneck, and the rest of the system was arranged accordingly.
This approach is simple and provides stability to the system. Besides, the information
system now gives daily updated priorities at all operational levels of the organisation. This
information enhances visibility both from both manufacturing (operational) and managerial
(customer order/PM) perspectives.

The metrics have proven to be crucial for the implementation of the DDOM. The
availability of suitable metrics (i.e., consistently aligned towards the global objective)
served for both the purposes of measurement and as an alignment enabler. The metrics
strongly influenced how activities were addressed, and, consequently, the decision making
and processes. By the same token, when the metrics were not aligned with each other and
the main objectives, they become a source of organisational misalignment. This was proven
by the radically different results achieved within the same contexts.

Moving from a cost-based perspective to a flow-based model involved a deep change
of corporate mindset for both companies. The change process took months and involved
several learning sessions and discussions until the key people in the companies were able
to assimilate the concepts. From this perspective, the words of the CEO of Company 2
were especially interesting. He acknowledged that initially, he had not fully understood
the implications of flow orientation, but due to the need to improve, he decided to believe
in it. Indeed, the involvement of key managers enabled the effective transformation from a
cost-optimisation-based approach to a flow-based approach for the entire company. The
CEO explained the change as follows: “Previously, each department was dedicated to
maximising its productivity and focusing on its objectives. Now we ask ourselves these
questions: how can I contribute to meeting the global deadline? Where does the company’s
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problem lie today? What can I do to help solve it?” These questions summarise the new
logic of the system after the DDOM had been implemented.

Interestingly, the first stages of the DDAE model are based on DDOM and DDMRP. In
some cases, it may be enough to manage a company at an operational level. Nevertheless,
in most cases, a scheduling approach is also required. That is the case for MTO-VMC
companies. Given their special characteristics, stock buffers are inexistent, or at best,
residual. In contrast, the other components of the DDMRP approach (i.e., control points
and buffers) became particularly important to provide the reactiveness levels required.

5.3. Stage 3

The implementation of the DDOM enabled both companies to identify their true
potential, including both their capabilities and limitations. From that point onwards, other
limitations preventing the companies from achieving better overall results also became
evident. These limitations transcended the operational scope, making them difficult to
identify across the previous stage. The DDAE model then guided the organisations into
the S & OP realm. However, although both companies used the same DDAE model, they
proceeded in different directions because of the different characteristics of their businesses.

The long average order lead-times of Company 1 made it crucial to have long-term
capacity management, which involved the sales department. The metrics and objectives
related to this issue had to be reviewed and corrected, with significant changes made to
sales procedures that required coordination with manufacturing. In contrast, the short lead
times that characterised Company 2 required more reactiveness. Improving reactiveness
involved enhanced dynamic capabilities, especially when it came to information availability
and decision making. The information system was endowed with more features to respond
to new needs, and manufacturing management was reinforced with daily coordination
meetings to address issues that required a greater level of detail.

In summary, it can be concluded that the initial objectives of both organisations were
achieved through stage 2 of the DDAE model. Furthermore, beyond the attainment of their
operational objectives, entry into stage 3 was an eye-opener for both organisations, which
now see greater development potential and a clear itinerary.

6. Conclusions, Limitations, and Future Research
6.1. Conclusions

The results of this inquiry imply that the management of MTO-VMC activities must in-
tegrate the various visions of the system. In MTO-VMC, organisational alignment is crucial
for high overall performance levels to be reached. To achieve organisational alignment, it is
necessary to take a systemic approach, as an integration level limited to operations may be
insufficient for this purpose. Furthermore, the individual perspectives of the different parts
of a company may be sources for organisational misalignment. The S & OP perspective
goes beyond the operational context, allowing for improved performance. It requires higher
levels of integration and alignment, which also entail further complexity and difficulty. The
literature stresses the difficulties of putting into practice the implementation of an S & OP
approach. The DDAE model has proven to be an adequate guide for this purpose. The
five stages of the model facilitate the understanding and preparation of the transitions
between stages.

Managing a VMC requires consistent integration and subordination of the compo-
nents of a company to its overall goals. Specifically, it involves integrating the perspective
of resource utilisation with deadline control (PM perspective). Regarding resource utili-
sation, it is essential to coordinate design/engineering and production activities within
the overall framework. This results in different objectives and strategies if compared to
those generated from individual procedures. Likewise, orders are typically addressed as
projects. The objectives and plans that result from the project-planning process can also
be a source of organisational misalignment if they are not properly integrated within a
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common framework. In other words, the project approach and the operational capabilities
of the system must be coordinated.

6.2. Limitations and Future Research

Finally, this study has two main limitations. First, the case studies analysed belong
to the MTO-VMC context in the boiler-making sector. Consequently, to strengthen our
findings and confirm their potential for expansion, additional case studies are required
in other contexts. On the other hand, the scope of the studies carried out is limited to the
first three stages of the DDAE model. Additional studies completing other phases would
increase the knowledge related to its potential and applicability. Therefore, we invite other
researchers to carry out additional work in this direction.
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