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ABSTRACT

The implementation of collaborative approaches in supply chains 1s an objective of many
companies. The proposal of this work is to present a model that favors horizontal integration
at the tactical-operational level of the supply chain. The model is based in the principles of
logistics flow management; and in the balance of demand, supplies, capacities and stocks.
The main contribution of the research is the practical application of collaborative planning
as a daily tool for integration between all supply chain echelons. The results obtained in the
case studies show that this type of approach improve the efficiency and effectiveness of the

logistics system.

1. Introduction

Several authors agree that to achieve competitive
differentiation in the modern environment, efficient
and comprehensive supply chain management is re-
quired [1-3]. This implies a joint strategy for all sup-
ply chain processes, such as efficient resources man-
agement and the constant generation of added value
for the end customer. A relevant element in supply
chain efficiency is the satisfaction of the service levels
expected by customers, maintaining adequate levels
of inventories [4]. These large inventories generate
serious fiancial and organizational problems for the
entities, generating debt chains that demand increas-
g levels of working capital that cannot be financed
[5].
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As opposed, even when Information and Com-
munication Technologies allow to obtain the infor-
mation at any time and point in the supply chain, they
are not used to their maximum capacity [6, 7]. This
situation 1s sometimes generated by the inconsistency
of organizational solutions with technological innova-
tions (managerial crisis) [8, 9]. The current pandemic
situation has shown that not all supply chains, even if
they have implemented technologies, have the neces-
sary resilience to adapt quickly to changes in demand
or supply [10]. Therefore, it is nevitable to investi-
gate how organizations can use real-time information
[11] to coordinate flows in a multi-echelon supply
chain [12].

Otherwise, a study of the situation of supply chains
and logistics systems in Cuban companies of various
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sectors recognized that; there are difficulties in col-
laborative supply chain planning where the planning
of production, replenishment, logistics, and distribu-
tion are separate tasks. Also, the need to developing
the vision of the company as a single flow of materi-
als, information, and money is recognized [13, 14].

Taking ito account the managerial crisis and the
Cuban situation described so far, it is necessary a
management model that guarantees:

e A tactical-operative collaborative planning
where the planning of production, supply,
logistics and distribution are carried out in an
mtegrated way.

*  The supply, production and distribution are
made according to the customer's demands
with the mmimum possible inventory.

e The vision of the logistics system as a single
flow of materials, money and information.

When the existing management models are ana-
lyzed, important advances can be distinguished n the
collaborative field. However, none are 1identified that
can fully meet the above-mentioned requirements.
Some models are focused on specifics issues, for
example, on the minimum operational costs of the
supply chain [15]. Others are based on solutions that
only cover a part of the chain [16], or a lot of infor-
mation 1s needed in advance [17]. There are models
that focus on one collaboration variable, such as de-
mand, capacity, cycles, or information management.
Others are solved with complex solutions (need very
specialized knowledge) such as fuzzy logic or behav-
1oral neural networks.

These models are rather a plan for systematic
mmplementation of improvement programs [18]. In
today's dynamic and highly changing environment, it
1s necessary to take these collaborative efforts to an
operational level. Despite this, these models i gen-
eral, focus on the strategic-tactical analysis [19] than
on the tactical-operational management. To enable
collaborative planning at the operational level, tools
that allow joint decision-making in a fast, consen-
sual, holistic way for the entire logistics system are
required [12]. According to the authors, one way to
achieve this 1s to combine the concepts of collabora-
tive management and logistics flow management as
part of a single strategy.

Based on this reflection, it 1s identified as a sci-
entific problem to be solved: What elements and
characteristics should make up a collaborative man-
agement model of the logistics flow that guarantees
an increase in the effectiveness and efficiency of the
logistics system? Therefore, the objective of this

research 1s to design a Collaborative Management
Model of Logistics Flow (CMMLF) that favors hor-
izontal collaboration in the supply chain at the tacti-
cal-operational level and guarantees high efficiency of
the logistics cycle.

2. Theoretical background

2.1 Supply chain integration:
some clarifications

The terms coordination and collaboration, or
mtegration and collaboration, are [requently used
synonymously. In this paper, the terms are differ-
entiated: integration 1s the end and the rest of the
concepts, the means. By this definition, supply chain
mtegration mechanisms range from weak market ne-
gotiations, through cooperation and coordination,
to collaboration as the most integrated link between
partners [20].

Some authors point out the tendency to increase
more complex integration relationships and with the
systemic scope of the chain [21, 22]; however, tools
are still being developed and implemented to fulfill
this promise [23]. In this regard, it is considered that
itegration 1s necessary for any business to last. The
determining factor is that even with simple mecha-
nisms, the benefits of integration are guaranteed.
Most of the efforts of companies focus on mternal
rather than inter-organizational integration, even
though they prefer to focus on more collaborative
decision processes mstead of employing individual
optimization models [24]. In Cuba, the emphasis of
business management is also towards internal integra-
tion [25], without an adequate external culture.

2.2 Logistic flow definition

As seen by different authors, the value creation in
the supply chain is achieved through the direction of
several flows. In the literature, the material, financial
and informative flows are treated from various ap-
proaches, but this is not the case with the concept of
logistic flow. This is defined as "the coordinated exe-
cution of the processes that make up the three flows:
the informative, the material, the financial depending
on the product demanded by the end customer" [26];
and it constitutes a phenomenon of economic, social,
and environmental dimensions.

From the definition of logistics flow, it follows that
logistics flow management is nothing more than the
planning, executing, and coordinated controlling of
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the three flows. Its main objective is the proper use of
resources to create value for customers with the low-
est cost and the best possible use of time, and it 1s one
of the elements to develop to achieve competitive
advantages [27]. It also covers the operational level
where business processes are synchronized; to make
the flows as efficient as possible, take advantage of the
capacity and reduce the duration of inventories in the
supply chain [28]. This includes new forms of coop-
eration and communication as well as new methods
and organizational models [29].

The logistics flow management acts on the logis-
tics system, and it uses the system theory as the basic
principle. The logistics system 1s represented as an
open medium that interacts with the environment, fa-
voring the balance of the system. Following this logic,
the logistics system becomes a relative concept. It can
be as complete as desired: the internal processes of
a company, relations with suppliers, an entire supply
chain, a region, or a country [30]. It should always
be conceived as a harmonic chain of processes that
begins and ends with the client, and keep in mind
that it is a complex system [31] that seeks complete
optimization, not an individual process optimum. In
accordance with these definitions, this research ana-
lyzes the collaborative management models that are
applied in the business [32], inter-company, or sup-
ply chain environments.

2.3 Collaborative planning

Collaborative planning is the process of joint deci-
ston-making for the synchronization of independent
and legally autonomous parties, based on the defini-
tion of joint objectives and the exchange of knowl-
edge, information, risks, and benefits [33]. In general,
authors refer to collaborative planning as centralized
decision-making [34]. However, following the logic
of the definition, collaborating is working with other
partners 1n joint planning, which does not exclude
centralize or decentralize way.

On the other hand, in collaboration, there are sev-
eral classifications: according to who exercises lead-
ership, the supplier or the client; and the typography
of the cham, between pairs of nodes or multi-node
(a chient and several providers and vice versa) [35].
In the case of the typology, it is considered necessary
to add the type of extended relationship [23], where
collaboration occurs between three or more nodes,
understanding by these several suppliers, producers,
marketers, and clients.

The collaborative process at the tactical-operation-
al level aims to stabilize operations through proactive

exception management. One of these processes 1s
order management, which in a collaborative environ-
ment provides a common ground to communicate
and define the status of orders, events, exceptions,
and responses [36]. In addition, collaboration at this
level should include the estimation and specification
of demand in the short-medium term, purchases, in-
ventories, and capacities [37].

On the other hand, the increase in resource and
capital limitations makes it necessary to reduce the
working capital used. One way to achieve this de-
crease 1s to ensure the efficiency of the logistics cy-
cle, that 1s, the uninterrupted movement of products
through the logistics system with the least possible
mventory [27, 38].

To achieve the combination of the aforemen-
tioned objectives, at the discretion of the authors,
there must be a logistics flow management model
that allows the collaboration of the participants of the
logistics system and that meets the following require-
ments:

e It plans and controls supplies, production,
distribution, and returns in an integrated
way.

e Itallows determining the moment, term, and
quantity in which each process of the
logistics system must be executed according
to the end customer's requirements.

e It 1s independent of the type of demand
management strategy (pull or push) and the
material flow management method used.

e It supports the planning of multi-echelon
networks and considers alternative process
flows, as well as the efficiency with which
they operate (in terms of technology, quality,
and performance).

e It ensures the integrated and dynamic
balance of demand, supplies, inventories,
and the logistics system's capacities at the
tactical-operational level.

e It fully manages material, informational and
financial flows.

e Identify the possible failures and their effects
on the logistics system based on a real-time
simulation.

3. Materials and method

For the development of a model that meets the re-
quirements set out above, several scientific research
methods are used. The historical-logical method al-
lows studying the evolution of planning and control
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methods in supply chains, as well as practical expe-
riences of collaboration in them. Each component
of the management techniques described in the lit-
erature 1s analyzed, which allows us to synthesize the
common elements that must make up the new mod-
el, distinguishing those that are not present in the
rest of the models studied. The inductive-deductive
method allows applying elements described i the
literature to the proposed model, while the analysis
of some case studies allows generalizing the results
obtained in the application objects.

The semantic modeling 1s used to develop the
concept of the logistics flow collaborative manage-
ment (section 2.1), and the graphic is used in the rep-
resentation of the model in a diagram (section 3.1)
and the mathematical model implement a set of lin-
ear equations for the logistic system balance (section
3.2), added to the equations of the Line of balance
technique applied to the logistic system. Likewise,
linear algebra is used for the relational representa-
tion of capabilities in complex networks of processes
(section 3.2).

The model is based on the system approach since
it considers the application object as a complete sys-
tem (section 3.3), be it a company, a logistics system,
or a complete supply chamn. Fmally, simulation 1s
used for decision-making because before making a
measure effective, the possible results in the logistics
system are analyzed in the model itsell.

3.1 Conceptual basis of the proposed model

The proposed model is based on the combination

of the concepts of collaborative planning and logistics
flow. Collaborative planning is the joint planning and
control process where all the actors of the logistics
system participate and that responds to the common
objectives of the system [39]. On the other hand, lo-
gistics flow management 1s the planning, execution,
and coordinated control of the three flows (material,
mformation, and finances), [40], through dynamic
decision-making in the logistics system direction.

Then, the combination of these concepts defines
the logistics flow collaborative management as a
means for the planning, execution, and coordinated
control of the material, informational and financial
flows. Joint and dynamic decision-making between
the actors of the logistics system 1s encouraged to
meet the common objectives of effectiveness and
efficiency.

4, Results

The Collaborative Management Model of the Lo-
gistics Flow (CMMLEF) is a tactical-operational tool
for daily collaborative planning in all supply chain
partners.

4.1 Collaborative Management Model of the
Logistics Flow

The CMMLF is a model to plan and control the
logistics system based on the final customer's de-
mand (Figure 1). The core of the model is the Line
of balance [41] as a generalization from the produc-

Logistic flow
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Figure 1. Collaborative Management Model of the Logistics Flow (CMMLF)
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tion planning to the logistics system planning. All

processes n the network (sales, distribution, produc-

tion, supplies, and services providers) are planned

mn a coordinated way, taking into account lead time,

cycle, inventories, capacities, and cost of all of them.

The planning and control subsystems act in
the process network, which is represented
by material flows (includes energy and return
flow), financial, and informational (includes
the feedback of the system).

Influenced by the economic, political, legal,
and environmental location, as well as the
level, the
qualification, and the organizational level.

automation personnel
The pillars that support it are Information
and Communication Technologies, as
support for real-ime and collaborative
management between  processes;  the
computer system, where the mathematical
relations of the logistic flow balance are
programmed; and the organizational system
as an expression of management procedures.
These constitute the influence variables for
the model application.

The fundamental inputs of the model are
the joint business plan, where collaboration
strategies are specified, and collaborative
demand as an exit from the strategic level
(if a collaboration strategy is defined). Other
entries to the planning subsystem are
customer orders and consumption rates.
The planning subsystem generates the flow
plan and the orders to the processes from the
joint balance of capacities, inventories, and
cycles. Once the orders have been executed,
the processes send the execution reports to
the control

where the

subsystem,
processes' status 1s
updated. In case of deviations between
actual
adjustments are made in the system.

the plan and the execution,
Impact variables: efficiency of the logistics
cycle, inventory turnover, financial resources

release, and customer service level.

4.2 CMMLF objectives and mathematical

modeling

Objectives

(I) Determine the time and quantity to execute
m each process based on the requirements
of the end customer.

(2) Ensure the integrated and dynamic balance
of supplies, inventories, and capacities, to
meet the demand of the end customer.

(3) Manage in an integrated way the activities of
the material, informative and financial flows.

(4) Simulate the variations of the system
conditions and their possible impacts to
meet the demand of the end customer.

(5)  Achieve relocation of customer orders in

response to lack of availability in a process.

Balance equations of the logistics flow

To venity the proper balance of the logistics system

at all times, the system of linear equations described

below 1s formed. These equations relate the balance

of demand (internal and external) of inventories, ca-

pacities, environmental effects, costs and prices in all

the process of the logistic system.

Where:

the final or intermediate product of the
logistics system (=1, 2..., n)

logistics system process (=1, 2..., m)

the process as an internal customer of the
logistics system (=1, 2..., m)

resource or service consumed in system
processes (k=1, 2..., k)

environmental impact of the logistics system
processes (s= 1, 2..., s)

time interval (=1, 2..., t)

PA, =CL +CG,,

Process cycle and lead time (1)

CL,

J

caG

JJ process ' (days)

PA

JJ

Process cycle j (days)

management cycle between process j and its direct client

the lead time of the process j with its direct client process j' (days)
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n
P,»_,-jv, = Z NC,—_,»,-v_,—v * P,wjv,l Process Interrelation (2)
i'=1
P the volume of the product i that process j delivers to the direct client
gt process j in the interval t (units)
P. ., The total volume of the product I' delivered by the process j' in the
rjt interval t
NC o product i consumption index in the process j to obtain a unit of the
iji'j' product i in the direct client process j'
tljj' = tc *PAjj' Process planning horizon (3)
tc Control moment
B =Fyj+Vi " ( *th+z 1 i) Activity level (4)
Ej { the product i lose in process j in the interval t (units)
V demand satisfaction coefficient of the product i by the process j at
ijt the time t
W part of the final demand of the product i provided by the process j
1 (between 0-1)
D the product i demanded by the customers of the logistics system in the
it interval t (units)
PR,,, < CAF,, Capacity balance point (5)
PR the actual volume of product i processed by process j in the interval t
ijt (units)
CAP,-J- t Process j capacity for the product i in the interval t (units/day)
ic
ZPRU' S ZCA ijt Cumulative Capacity Balance (6)
t=to t=to
Z, the initial moment of the period analyzed in the logistics system
1] e = l] ot ZP ijt Z ijt Products inventory (7)
(=to (=to

E

ijt

inventory of product i in process j in the interval t (units)

ZPRZJI_ Z ijt

(=lo (=lo

Demand balance (8)

lc lc lc
Ryji=IEy +1Cy;* Y PRy + Y R = Y RRj, +INy—IRy,

Resources balance (9)

t=o t=to =o
R kjt resources k demand in process j at time t (units)
Iij f resource k consumption norm in process j in the interval t (units / day)

1Cyy;

resource k consumption rate per unit of product i in process |
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RP ;
IN,
IRy,

resource k losses in process j at time t (units)

resource k inventory norm in process j (units)

resource k inventory in process j at time t (units)

m
RTk,lc = szj,lc
j=1

Total resources' demand (10)

RI;,

resource k total demand in the logistics system at time t (units)

ic ic
IR/(j,tC = IR](j,Z‘O + ZRRkj,l‘ - le(j,t

t=to t=to

Resources inventory (11)

the actual volume of resources k received in process j at time t (units)

Environmental impact (12)

st fc the magnitude of the environmental impact in process j at time t
[ES i impact s generation index per unit of product in process j
rc—1

Qijt :Pijt_ZPRijf ZQN,»J-
to

Batch size (13)

Qijl

batch size to be launched from the product i in process j at time t (units)

QNij The product i batch size standard in process j (units)
Rkj © 2 QRkj Resources batch size (14)
QRkj procurement batch size rule for resource k in process j (units)

i=l1

k n m
Cp=CF; + z pey * RR ;. + z pe;* Z P
k=1 =

Process cost (15)

Cj, process j cost in interval t (pesos)
CFJ- ¢ fixed cost of process j in interval t (pesos)
pe resource k price (pesos /unit)
pe; product | price (pesos /unit)
m
1, = Z Cj,t System total cost (16)
j=l
C]; logistics system's total cost in the interval t (pesos)

Process economic balance (17)

BEJ- economic balance of the process j in the interval t (monetary units)
m
BET, = Z BE), System economic balance (18)
j=1
BET logistics system's total economic balance in the interval t

(monetary units)
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Equation 2, in the case of logistics systems with
complex interrelationships of processes and mate-
rial back-off, 1s replaced by the matrix of relational
consumption indices expressed in equation 19. It
1s obtained from the adaptation of the Leontief In-
put-Output Model [42].

T-A)'+Y

Matrix of relational
consumption indices (19)

A 1s the square matrix that relates the consump-
tion indices for each pair of linked processes (a1);
which translates into the quantity of products that one
process must deliver to another for its operation. I 1s
the unitary matrix of the same index as A; and Y 1s
the column matrix where a unit of demand from the
end customer 1s represented.

4.3 Model applications

The model had been applied to different study
objects (Table 1); this has allowed validating it based
on the results obtained.

As shown in the previous table, the model has
been applied m productions and services supply
chains. Likewise, the system under planning has
gone from internal systems of an enterprise, to a
complete supply chain (more than five partners).
The applications of the model have been carried out
through consultancies projects, in some cases only
for demonstration purposes, and i others as part of
a multidisciplinary team in the supply chain. These
last cases constitute the studies case m which the de-
ductive method 1s applied to generalize the model
and the application procedure.

The implementing process of the model in one of
the case studies 1s briefly described below.

4.3.1 Implementation in Edible oil supply chain

The edible oil supply chain is coordinated by a

Table 1. CMMLF implementation cases. Source: Author's self-made

Commercial Company.

Description of the problem

The edible oil supply chain is confirmed by na-
tional and international suppliers, warehouses for
imported final products, two refining and packaging
factories, subcontracted transportation companies
for distribution and customers. Customers are seg-
mented into commercial customers, wholesalers, and
the population that receives a subsidized amount.

After several years of working to improve supply
chain management, a Chain Management Council
was designed i 2018. This Council 1s in charge of
the strategic, tactical, and operational management,
and 1t 1s formed by five enterprises representative of
each supply chain main echelon.

The solution

To guide the tactical-operational planning and
control process with the model, a procedure is devel-
oped, and the mathematical relationships are imple-
mented in Web software.

The implementation of the CMMLF follows the
procedure in Figure 2 and each of its phases' results
1s displayed for the 2018 year. The 1-liter oil's plan 1s
made with the "LFM" software and the results of each
step are outlined below.

(A) The I-liter oil logistic system 1s shown in
Table 2 and the following parameters are
determined: sequence, demand percentage
that each process executes, column matrix of
relational consumption indices, launch and
delivery batch sizes, and security coefficients
(.= 0.95 and B = 1.05).

(B) The total logistics cycle is calculated and it
1s 129 days and the system management
cycle 1s 188 days.

(C) The planning horizon established 1s one

Objects Classification Product type Scope

Edible oil Product standard supply chain
University books loan (library) service standard internal logistic system
Nuclear medicine production product special supply chain
Medicines supply chain product standard supply chain

Metals products distribution service standard Distribution network

International Journal of Industrial Engineering and Management Vol 12 No 1 (2021)
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year, while the planning interval 1s daily, and

it 1s fulfilled those 365 days> 188 days. )
The daily demand 1s obtained from dividing
the monthly demand between the working
days. (K)
The capacities of the processes are

determined with a mythology that allow
calculate the effective capacity of any
process, according to the conditions of 2012.
The accumulated launch and delivery plans
are generated, as well as the activity plans of
each process.

From the application of the batch sizes, the
executing schedule of each process 1s
generated.
Purchase, receipt, production and sale
orders are transmitted to the processes.

The accumulative actual execution report of
each process for the control mterval 1s

reported to the software, using the registered

mformation from the ERP system.

Table 3 shows the control Board with tow
delayed processes: "Retractable polyethylene
Import" and "Other Customers".

To eliminate arrears, several measures are
simulated in the software itself:

The delay i the process "Other clients" 1s
due to the transport lack. The transportation
of the rest of the customers (they are
advanced) can be used. This will be reflected
n the launch report of "Other Clients" on the
deficit amount (11 t) and the delivery of the
"Warchouse 2" in the same amount, because
this 1s the near warehouse to the costumers.

The process "Retractable polyethylene of
75-micron Import" 1s critical because the
hiring was not carried out in the planned
time; therefore, the possibility of reducing
the cycle 1s evaluated. Since it 1s a known

‘ A Parameterize the process flow

-—

Planning

'

B. Determine the system logistics cycle

!

C. Define horizon and planning intervals

D. Specify the each interval demand and calculate the
cumulative demand

-~

E. Update system capabilities

'

F. Get flow planning

Y

G. Apply batch size to programs

Control

Y

H. Transmit orders to processes

!

|. Report actual process execution

!

J. control the processes state

H. There is
disturbance

Yes
Y

K. Adjust flow processes

}_

Figure 2. Specific procedure for logistics flow management. Source: Author's self-made
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Table 2. Control Board for control interval 50. Source: Author's self-made

No. Process Lead Time Plan Real % Deficit ~ State Insured
Release  Cumulative  Cumulative compliance up to the
Release Release interval:

1 Oil Refining Import 276 14388 15000 104.3 0 IN TIME 51

2 Packaged Oil Import 276 2200 4217 191.7 0 ADVANCED 223

3 Retractable polyethylene 276 95215 32080 337 63135  LATE #N/A
import

4 Preform national purchase 235 18199 95215 523.2 0 ADVANCED 256

5 Label national purchase 235 18208 25199 138.4 0 ADVANCED 100

6 Cap national purchase 235 18159 18208 100.3 0 IN TIME 50

7 Cardboard boxes national 235 1537 1789 116.4 0 ADVANCED 63
purchase

8 Cardboard sheets national 235 132 1037 785.6 0 ADVANCED 256
purchase

9 Packaging 1 19 3947 4500 14.0 0 ADVANCED 75

10 Packaging 2 120 4093 4095 100.0 0 IN TIME 50

n Warehouse 1 nz 3874 4093 105.7 ADVANCED 0

12 Warehouse 2 18 4018 3900 97.1 18 IN TIME 46

13 Customers Store Chains 13 8144 8518 104.6 0 IN TIME 0

14 Customers Tourism 1 N3 181 300 165.7 0 ADVANCED 120

15 Customers Tourism 2 n3 176 200 Nn3.6 0 ADVANCED 64

16 Prioritized Clients N3 50 57 14.0 0 ADVANCED 52

17 Other Customers 4y 15 4 26.7 1 LATE #N/A

Table 3. Simulation of the Control Board for control interval 50 with the proposed measures. Source: Author's self-made

No.  Process Lead Time Plan Real % Deficit ~ State Insured
Release Cumulative  Cumulative compliance up to the
Release Release interval:

1 Oil Refining Import 276 14388 15000 104.3 0 IN TIME 51

2 Packaged Oil Import 276 2200 4217 191.7 0 ADVANCED 223

3 Retractable polyethylene 215 95215 95300 100.1 0 IN TIME 0
import

4 Preform national purchase 235 18199 95215 523.2 0 ADVANCED 256

5 Label national purchase 235 18208 25199 138.4 0 ADVANCED 100

6 Cap national purchase 235 18159 18208 100.3 0 IN TIME 50

7 Cardboard boxes national 235 1537 1789 116.4 0 ADVANCED 63
purchase

8 Cardboard sheets national 235 132 1037 785.6 0 ADVANCED 256
purchase

9 Packaging 1 19 3947 4500 14.0 0 ADVANCED 75

10 Packaging 2 120 4093 4095 100.0 0 IN TIME 50

n Warehouse 1 n7 3874 4093 105.7 0 ADVANCED 0

12 Warehouse 2 18 4018 3911 97.1 18 IN TIME 46

13 Customers Store Chains N3 8144 8518 104.6 0 IN TIME 0

14 Customers Tourism 1 N3 181 300 165.7 0 ADVANCED 120

15 Customers Tourism 2 N3 176 200 13.6 0 ADVANCED 64

16 Prioritized Clients N3 50 57 14.0 0 ADVANCED 52

17 Other Customers 44 15 15 100.0 0 IN TIME 48
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supplier and negotiations can be carried out  refinements, consumption changes and internal or
in 35 days, a reduction of the process cycle  external events.

to 95 days and the management cycle to 109

days are achieved, at no additional cost. The 5. Discussion

amount needed for the launch is 63 220 kg

to cover the process deficit and meet the When some supply chain collaborative tech-
purchase lot. niques are analyzed, it 1s noticed that the most widely
studied n literature are CPFR and VMI [43]. Also,

After the verification of the measure's validity into ) - }
when the requirements of collaborative management

the Control Board (Table 4), it must return to step B

- ‘ 1 ] of logistics flow presented in section 1 are analyzed in
of the procedure where the evaluated measures be- ;

come effective. Tn the same way, this is the time to these techniques, it is detected that the requirements

adjust the demand for the next intervals of forecast compliance is on average 509 (Table 4); which allows

us to affirm that none of the analyzed techniques rep-

Table 4. Relationship matrix between the requirements of collaborative management and the analyzed techniques

Techniques/ VM cprr  MRP Line of Leontief's In-  Mathematic Kanban Requirements
Requirements Il balance put-Output  programing - JIT compliance

balance

(=2 - - -]

X X X
Planning level  tactical X X X X X X X
operative X X X

by existence X X X
X

5

Material flow  scheduled 5
management by rhythm X 1
method by order X 8

2

X
automatic X X

informative X X
Flows material X
financial

purchasing X X X X
X

Processes production X X

planning distribution X X X
T edtime x T x
quantity X X X X X X X X 8
"""""""""" quaity

performance 0

Considers technology 0

alternative

X 7
Integrates Capacity X X X X 4
inventory X 6

in real time X X X X X

simulation X X X X

% requirements compliance of
each technique

Source: Author’s self-made from [27, 41, 42, 44-48]

52% 55% 48% 55% 55% 1% 48% 45%
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resents, by itself, a solution to the research problem.

This analysis in Table 4 shows the existence of
overlap in the studied techniques; they have been de-
veloped on the same basis, although they adapt to
different situations. All models focus on managing
the flow of materials at a tactical level and determin-
g the quantities to move. None of them consider
the existence of alternative process flows for the
products, which makes difficult their application in
complex logistic systems. Likewise, there are four re-
quirements that are not met in any of the models an-
alyzed: consideration of the effects of product quality
and the ability of technology to ensure it, on the sys-
tem's capacities; the impact of process performance
and the existence of alternative process flows.

The analyzed techniques focus on planning the
main flows (products and their components); they do
not include the consumed resources in the process-
es network or the resources and waste generated by
them. In this sense, in the CMMLF all types of re-
sources (material, economic, energy, etc.) can be de-
fined as planning objects; and it is based on the Line
of balance, which emphasizes material flow manage-
ment more than inventory management. In addition,
it 1s complemented with Leontief's Input-Output
Model for the representation of complex interrela-
tionships between processes. These characteristics
contribute to managing the entire logistics system as
a single flow.

Table 5 shows the results of CMMULF applications
n two studies cases. A comparison of the impact vari-
ables 1s made before and after the use of a planning
and control system based on the model (at least for
a year). The customer service level is measure differ-
ently in each case, depending on the most important
attributes for each product or service.

As the earlier table shows, the transformation of

the supply chain planning system under a collabora-
tive approach favors its efficiency and effectiveness.
The measurement of these variables 1s carried out in
each of the processes involved in the collaboration
and 1n the integrated logistics system.

In the case of edible o1l presented above, the av-
erage efficiency of the logistics cycle (technology cy-
cle/logistics cycle) and inventory turnover increase, at
the same time as the level of customer service. This
improvement translates into more than one million
financial resources that can be invested in other ac-
tivities in the supply chain, increasing the efficiency
of the system.

6. Conclusions

This research constitutes a contribution to the the-
ory of collaborative management of the logistics flow
by allowing its conceptualization. The requirements
of the collaborative management of the logistics flow
constitute the objectives and characteristics of the
proposed model. The implementation of these re-
quirements allows the model applicability in different
contexts such as those exposed in the requirements
of collaborative management of logistics flow.

The CMMLF allows the tactical-operational plan-
ning of multi-echelons supply chains in a collabora-
tive context. Likewise, it permits balancing capacities,
mventories, cycles, and demand in the system, taking
mto account capacity and quality restrictions, alter-
native process flows, constant updating of demands,
and internal flows of resources. These constitute the
main characteristics that distinguish the CMMLF
model from those existing to date.

The combination with blockchain should be con-
sidered 1n future research to improve the informa-
tion symmetry as well as the speed of its transmission.

Table 5. Results of two CMMLF implementation cases. Source: Author's self-made

Edible oil University library
VARIABLES
Before After Before After

Logistics cycle efficiency (%) 63 84 56 98
Inventory turnovers (times/year) 19 2,3 0,8 14
Financial liquidity ($) 1177 894,34 853 667,50

Availability by generic (%) 26,4 95,2 "+ 69

DIFFERENCE
Costumer  Availability by variety (%) 10,2 71,2 "+ 61
service
level Student attended (%) "4"'3) 35 67
DIFFERENCE
Annual Service Amount "+'12722 9174 21896
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Also, the model must be tested in circular economy
environments where return flows have a leading role.
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