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Abstract

Context: Capacity planning is one of the critical ele-
ments in business decisions at any level since it is
possible to respond to the fluctuating needs of the
market through its correct configuration and alloca-
tion. As in most decisions in the field of Industrial
Engineering, in the processes of planning and pro-
gramming of the capacity of the productive systems,
there are some aspects that cannot be left aside: the
costs related to each configuration, the relationship
between the variables of allocation of resources, and
the response to the requirements of the clients; these
constitute the basis of the models applied in the pro-
cesses related to the capacities in the organizational
systems.

Method: A model was developed using systems dy-
namics, which allows to determine the number of
personnel to respond to changes in demand; the best
use of the capacity of the resources assigned to the
service provision was sought according to the profi-
tability of the business unit; and the behavior of the
demand for services was simulated based on histori-
cal data on the behavior of the system.

Results: The proposed model allows to identify the
capacities, and their respective calculations, invol-
ved in the modeling. In addition, it is possible to
contrast the behavior of the model (which seeks to
maximize the use of available capacity by seeking
the best configuration in the allocation of resources)
without neglecting the profitability of the operation.
This is of interest for the planning of the system, con-
sidering the costs associated with the underutiliza-
tion of the work force or the insufficient provision of
the service to the client.

Conclusions: The model presented in this research
is a proposal for the analysis of operational capaci-
ties in service providers that have several variables
to consider, such as the use of human resources, the
demand for diverse services attended by specialized
personnel, different work days, and the use of spe-
cific facilities. The search for the best configuration
of the resources involved in this service provision
allows companies to continually inquire about ob-
taining better rates of use and profitability.
Keywords: capacity planning, financial model, pro-
fitability, system dynamics.
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Resumen

Contexto: La planeacién de capacidades constituye
uno de los elementos criticos en las decisiones em-
presariales a cualquier nivel ya que por medio de
su correcta configuracion y asignacion se logra res-
ponder a las necesidades fluctuantes del mercado.
En los procesos de planeacién y programacion de la
capacidad de los sistemas productivos, como en la
mayoria de las decisiones en el campo de ingenieria
industrial, no se pueden dejar a un lado los costos
relacionados con una configuracién u otra, la rela-
cién entre las variables de asignacion de recursos y
la respuesta a los requerimientos de los clientes, que
constituyen el fundamento de los modelos aplicados
en los procesos relacionados con las capacidades en
los sistemas organizacionales.

Método: Se elaboré un modelo empleando una di-
namica de sistemas, la cual permite determinar la
cantidad de personal que responde a los cambios
en la demanda. Se buscé la mejor utilizacion de la
capacidad de los recursos asignados a la prestacion
del servicio segtn la rentabilidad de la unidad de
negocio. A partir de datos histéricos del comporta-
miento del sistema, se simul6 el comportamiento de
la demanda de servicios.

Resultados: El modelo planteado permite identificar
las capacidades involucradas y su célculo en el mo-
delamiento; ademas, se logra contrastar el compor-
tamiento del modelo, el cual, mediante la bisqueda
de la mejor configuracion en la asignacién de recur-
sos, persigue el objetivo de maximizar la utilizacion
de la capacidad disponible, sin dejar de lado la ren-
tabilidad de la operacién. Lo que resulta de interés
para la planeacién del sistema, dados los costos aso-
ciados a la subutilizacién de la fuerza de trabajo o la
prestacion insuficiente del servicio al cliente.

Conclusiones: El modelo se establece como una
propuesta para el andlisis de capacidades operativas
en empresas prestadoras de servicios que contem-
plen recurso humano para su ejecucién, en donde
se presente una demanda de servicios de diversos ti-
pos para ser atendida por personal especializado, en
diferentes jornadas de trabajo y mediante el uso de
instalaciones especificas. La bldsqueda de la mejor
configuracion de los recursos involucrados en dicha
prestacion de servicio permite a las empresas de este
sector la continua indagacién sobre la obtencién de
mejores indices de utilizacion y rentabilidad.

Palabras clave: planeacién de capacidad, modelo fi-
nanciero, rentabilidad, dindmica de sistemas.

INTRODUCTION

A service is defined as a set of activities that satis-
fy a particular need and is characterized by a high
level of intangibility, which requires management
before and after the process in order to achieve
complete satisfaction from the customer. This sec-
tion will show the international and national pano-
rama of the sector of service provision.

Services have an important repercussion on grow-
th and efficiency in many industries and in general
economic results. Presently, they represent more
than two thirds of the global gross domestic product
(GDP), and the added value of services in the GDP
tends to significantly increase with the income level
of a country (World Trade Organization, 2010).

Financial services cover financial intermedia-
tion activities and auxiliary services provided by
banks, stock markets, factoring companies, credit
card companies, etc., and include financial inter-
mediation services that are measured indirectly.
Importation of this type of service due to techno-
logical advances in this sector is representative;
however, exports of this type of service in the na-
tional field have been steady.

This study addresses the problem of profitabili-
ty as a determining factor in assigning resources in
order to identify performance in planning capacity.
Additionally, we seek to study the impact of finan-
cial results in the provision of a service with res-
pect to the allocation of capacities for such service
provision, by looking for the best configuration that
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guarantees a good result in terms of service levels
and labor cost that respond to fluctuations in de-
mand. The article is structured into four chapters:
The first presents a review of literature that focuses
on the dynamics of publications and the taxonomy
of models related to capacity and profitability from
a systems dynamics approach. The second chapter
presents the method used and its relation to the
conceptual model used. The third chapter shows
the model using the methodology proposed by Fo-
rrester (Forrester, 1961). And the chapter 4 presents
the results, the discussion, and the conclusions.

Review of Literature

The System Dynamics methodology allows the per-
formance of highly complex systems to be modeled.
The interaction of profitability used in decision ma-
king according to capacity allows a company to opti-
mize the use of resources to provide the service. One
of the reasons to use the System Dynamics methodo-
logy is that the service systems contemplate various
scenarios and players that interrelate in a complex
and unpredictable way; therefore, if the performance
of this system is understood, the objectives of the sys-
tem can be simulated through archetypes.

The dynamics of the publication of articles
presented at the International Conference of the
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Figure 1. Dynamics of publications at the international
conference of the system dynamics society in capacity
and profitability

Source: own work

System Dynamics Society is shown in figure 1. An
exponential performance of publications is shown
in aspects associated with service capacity and
profitability. It also identifies an increase in the
number of publications from 1981 to 2017. From
2004 the number of publications diminishes but
stays constant, reflecting the validity of the subject
addressed by various authors.

The different models presented by the authors
in System Dynamics can be categorized using five
publication approaches: Applied to governmental
politics, logistics, health, planning and telecom-
munications. As shown in figure 2.

On the other hand, the evolution of publica-
tions related to the capacity of addressing a sys-
tem using the System Dynamics Methodology is
presented in figure 3. In referring to profitabili-
ty models using the System Dynamics approach,
the dynamics of publications diminishes starting
in 2004; however, it continues to have a mini-
mum amount until 2012. This is due to the fact
that profitability models are approached from a
financial perspective that does not contemplate
the complexity of assignment relationships in ca-
pacities that a system comes to have. For that re-
ason, this study provides information that shows
the need to integrate profitability concept with
system capacity.

Government Logistics
Tele-
communications Health
Planning

Figure 2. Taxonomy of model classification related to
Capacity and profitability

Source: own work
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Figure 3. Dynamics of publications of profitability
models using the system dynamics approach

Source: own work

Models of capacities applied to logistics

The models addressed using the System Dynamics
Methodology include an analysis of capacity le-
vels in the design and management of the supply
chain, which analyze capacity restrictions through
several combinations of levels in the supply chain
(Evans, 1994).

On the other hand, the performance of services
in the supply chain is addressed using the System
Dynamics Methodology, due to the changes in de-
mand and its relationship to inventory levels, the
information in the supply chain, the deficit, and the
physical capacity of product manufacturing (Dou-
glas, 2005; Gongalves Hines & Sterman, 2005). In
this sense, the methodology using the System Dyna-
mics has been widely used to address logistic pro-
blems in the supply chain (Zilouchian, Cardenas
Martinez, Koochak-Yazdi, & Murad, 2012), (Tiru,
Yuhua, & Anson, 2012), (Shamsuddoha, Quaddus,
& Klass, 2013) y (Hettesheimer & Lerch, 2013).

The planning of resources through a logistics
operator has been considered from the modeling
of System Dynamics, and it considers financial
performance, among other aspects (Romero Qui-
roga & Becerra Fernandez, 2017).

Models applied to planning
An analysis of human resources assignments
in bank service activities, which provides new

structures when compared to classical assignment
techniques generated by the Operations Investiga-
tion, is done (Becerra Fernandez, 2013).

Orjuela and Huertas (Orjuela & Huertas, 2004)
characterize the capacities of companies of servi-
ces provision, from their evolution, and compare
them with the capacities available to the manufac-
turing sector. Mejia, Hincapie y Gallego (Mejia So-
lanilla, Hincapié Isaza, & Gallego Rendoén, 2015)
propose a model applied to the energy sector for
distribution planning through a multi-objective
analysis, associated with financial measures, such
as the cost of operation and investment.

Other models analyze attention capacities using
perception parameters regarding the length of lines
(Delgado, 2011), (Ann van Ackere, 2006). System
Dynamics analyses contemplate models that use
human capital and planning analysis to model ser-
vice dynamics, in order to present models that eva-
luate public policies in Australia (Sveiby, 2002).

Models that analyze services and impacts on
quality to determine service management policies
are approached through System Dynamics using
empirical tests that determine service quality (Sen-
ge, 1993).

Additionally, the design and planning of the
supply chains for the reduction of logistic costs
is approached from a multiple selection objecti-
ve programming model to find a favorite solution
(Aalaei & Davoudpour, 2016).

METHODS

The conceptual structure of the model that was de-
veloped was based on the study of effects that are
generated in the dynamics of the financial services
sector and activities associated with the generation
of profitability in providing services. The construc-
tion of the conceptual structure requires formulating
the problem and the underlying dynamic hypothe-
sis as an axis of a causal diagram and the creation
of structure simulation sectors. Then, aspects inhe-
rent to the conceptual structure and analysis of the
model with system dynamics are developed.
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Methodology proposed by (Morecroft & Ster-
man, 1994) and (Forrester, 1961) was used to deve-
lop the capacity planning model, which was done
using the ITHINK computer program.

Model

The model used analyzes the performance of re-
source capacity planning using the profitability
modeling of a financial services company, and the
problem and the hypothesis used were formula-
ted. Then the problem addressed was approached
using the system dynamics methodology.

Formulating the problem
The growth of an organization requires a change in
procedures and processes that requires looking at
the impact of quality and food safety in fruit pro-
ducts. Therefore, the problem formulated is: What
is the capacity performance due to changes in the
profitability of companies that provide financial
services?

In this way, the following dynamic hypothesis
that supports the developed model was proposed.

Invesment

Return On Assest
Desired Gross

Profit

Return On
Assets

Dynamic hypothesis

Capacity planning of resources used by financial
services companies depend on the profits obtained
during certain periods.

Causal diagram
The causal diagram of the model for resource ca-
pacity planning by means of dynamic analysis of
profitability approaches the conceptual elements
of experts in the financial sector and theories that
have looked at the subject using different approa-
ches and simulation structures. The causal diagram
proposed has five balancing loops and two rein-
forcing loops. In this case, the reinforcing loops
represent the effect of the net income and profita-
bility. The balancing loops are related to the effect
of taxes on profitability of the financial services
companies (figure 4).

The simulation structure, developed using the Sys-
tem Dynamic methodology, is presented as follows.

Simulation structure
The structure of the profitability sector is shown in
levels: Gross Profit, operational profit, profit before

Operational
Profit

Catchment

+

Taxes/_\

Income Before
Taxes

Income

o

Figure 4. Causal diagram of the capacity and profitability planning model

Source: own work
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taxes, and profit after taxes. Figure 5 represents the
Forrester diagram in the profitability sector. This
contemplates income calculated from profitabili-
ty and placement time used as a point for decision
making.

Profitability is analyzed using this structure,
keeping in mind the placement time of financial
income, and different rates that intervene in profi-
tability flows.

On the other hand, the capacity planning struc-
ture was designed according to different workdays
in a financial services company (daytime, addi-
tional hours, and Saturdays), and service levels
(cashiers and representatives). Figure 6 presents a

Balanced of
Deposit

Balanced of
placement

Forrester model designed to analyze performance
in assigned work positions according to transac-
tions and available capacity.

The combination of the two sectors allows the
analysis of the performance of resource capacity
planning from the profitability of financial servi-
ce companies. The calibration of the model mainly
consisted in analyzing the behavior of the alloca-
tion of personnel against the installed capacity and
the available capacity of the system, which means
that the appropriate assignment is made according
to the capacity of the system (see figure 7).

The following section presents the simulation
results obtained from the structures of the sector.

Workstations

Net Income

Financial Financial Profitability
income Expenses Expenses Rate Rate
Lending Rate Income & A(}Eministrative Salaries Taxes Quartile 1
Rate Deposit Apenses Profitability
Administrative Rate
Income Insurance
Profitability Police
Figure 5. Profitability sector forrester diagram
Source: own work
Aux .
Time < /—\\'ﬁlli.lblm <Capacity
Shortage } Capacity> Used Discrepancy>
Capacity Capacity
Capacity Month
Discrepancy ) Profitability Days
<Month
Days> Pohce
’ FTE's A\dl lable FTE'
] A]located Time> Removed
Transactions Transactions
Used Capac1ty Hire Leave
Demand
Delay Delay
Demand .
\\ Oll\L,IS/\\ A F.TE S "
Assigned> Used Hire Ssighment Leave
Avaﬂable Tlme Workstations FTE's ; FTE's
Suplements /(\:vallable Workers
Model apacity Workstations Assigned
Time <Month Available
Days>
Figure 6. Forrester diagram capacity planning sector
Source: own work
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16 7 RESULTS AND DISCUSSION
14 A
3% 1(2) Capacity and profitability planning
Q.
2 z :T/E::bslzgcr;z:city The capacity planning model shows the assign-
wo, Installed capacity ment performance over time of representatives
c and cashiers in a financial services company. Per-
0 - formance fluctuations are shown in Table 1, whe-
0O 1 2 3 4 5 6 7 8 re higher assignment values for representatives in
Month daytime work (DW) and a lesser value in the assig-
nment for Saturday work (SW) stand out. Capacity
Figure 7. Calibration of the model planning performance maintains a similar pattern

Source: own work

in the first 12 months to that of profitability perfor-
mance, as shown in table 1 and table 2.

Table 1. Profitability performance in the capacity planning model to cash

Months Profitability Q1 Cash Profitabilit FTEs Allocated FTEs Allocated FTEs Allocated
Cash Profitability Police Cas Cash JA Cash JS Cash
1 102,23 0 0 11,24
2 132,72 37,38 15,87 0
3 155,88 117,48 1 12,94 1,25 8,56
4 168,17 22,73 9,21 0
5 182,89 0 0 15,48
6 200,55 175,53 1 0 4,23 16,65
7 204,03 4,14 10,4 0
8 212,31 0 0 0
9 247,62 208,17 1 46,99 15,2 0
10 241,52 53,86 21,75 21,62
11 222,96 0 0 0
12 226,99 224,98 1 0 0 0
13 245,94 8,47 2,63 7,46
14 242,94 0 0 4,14
15 255,4 244,44 1 11,02 6,75 0
16 256,93 0 0 58,23
17 258,69 23,71 18,06 0
18 261,32 257,81 1 0 0 0
19 252,65 46,47 28,5 0
20 249,36 23,24 4,55 12,15
21 239,13 244,25 0 0 0 0
22 249,45 0 0 40,36
23 248,18 0 0 0
24 273,28 248,82 1 11,57 7,69 0

Source: own work
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On the other hand, profitability diminishes as
the number of representatives assigned increases
each day. Therefore, Table 1 and 2 show that pro-
fitability limits the assignment of representatives
and/or cashiers in a financial services company.

Profitability performance in the capacity plan-
ning model can analyze changes in placement
time and in the influence of assets rates in income;
these this in turn change the assignment of person-
nel (representatives or cashiers). With a higher pla-
cement time the profitability grows slower, which
affects in the assignment of resources. Conversely,
with a lesser time the system presents a better per-
formance in reference to assignment of resources.

CONCLUSIONS

In a capacity planning process, the fluctuating res-
trictions of the system affect the assignment of re-
sources. This means that less profitability results
in lower resource assignment; thus, optimizing
the resource using other analysis techniques will
not allow the absorption of fluctuations associa-
ted with placement times of assets and profitability
in financial services companies. The application of
system dynamics methodology to address comple-
xity models allow the capacities’ performance and
fluctuation over time to be analyzed. The analysis
of financial aspects linked to capacity allows the

Table 2. Profitability performance in the capacity planning model to advice

Months Profitability Q1 Advice Profitability ~ FTEs Allocated FTEs Allocated FTEs Allocated
Advice Profitability Police Advice Advice JA Advice JS Advice

1 95,74 0 0 6,15
2 139,36 77,71 29,31 0
3 151,2 117,55 17,67 0 15,04
4 173,03 46,38 31,07 0
5 178,06 0 0 15,35
6 209,54 175,55 15,62 0 28,96
7 218,86 24,47 96,22 30,32
8 195,45 0 0 0
9 250,57 207,155 80,1 3,15 0
10 232,51 92,03 33,97 0
11 201,5 0 0 18,01
12 224,58 213,04 0 0 0
13 250,33 7,18 52,93 0
14 238,06 0 0 7,33
15 272,54 244,20 26,26 22,2 4,83
16 258,03 0 0 0
17 310,56 75,1 9,06 0
18 272,68 265,36 0 0
19 281,01 161,39 38,8 38,02
20 212,72 46,33 15,52 27,67
21 194,26 203,49 0 0 0
22 222,21 0 25,13 1
23 235,56 0 41,46
24 260,03 228,89 0 11,24 41,43

Source: own work
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integral contextualizing of the performance of a fi-
nancial services company system.

FUTURE STUDIES

By means of this model, analysis of planning ca-
pacity performance is done while keeping in mind
the profitability restriction in several service sec-
tors. Also, it can include other aspects that restrict
the assignment of personnel in service companies,
such as technologies used, processing resources
available and factors involving service quality.

APPENDIX

The main equations of the model are presented as
follows:
Gross_profit(t) = Gross_profit(t-dt) + (Financial_in-
come + Income_rate-Financial_expenses) * dt
INIT Gross_profit = 65178
INFLOWS:
Financial_income = ((((1+Lending_rate)A
(30/365))-1)*Balanced_of_palcement)
Income_rate = Administrative_income
OUTFLOWS:
Financial_expenses = (((1+Deposit_rate)A
(30/365))-1)*Saldo__Captacion
Income_before_taxes(t) = Income_before_taxes(t—dt)

+ (Staff_expenses—taxes_rate) * dt
INIT Income_before_taxes = 32494.82

e [INFLOWS:

e Staff_expenses = Opertional_profit*Salaries_rate
e OUTFLOWS:

e taxes_rate = Income_before_taxes-(Income_be-

fore_taxes*Taxes)
Net_income(t—dt) + (taxes_rate—

Net_income(t)
Profitability) * dt

INIT Net_income = 21771.53
INFLOWS:
taxes_rate

Income_before_taxes-(Income_be-
fore_taxes*Taxes)

OUTFLOWS:

Profitability = Net_income/Workstation

Opertional_profit(t) = Opertional_profit(t-dt) + (Fi-
nancial_expenses—Staff_expenses—Administrative_
expenses) * dt

INIT Opertional_profit = 61350.38

INFLOWS:

Financial_expenses (((1+Deposit_ra-
te)A\(30/365))-1)*Saldo__Captacién

OUTFLOWS:

Staff_expenses = Opertional_profit*Salaries_rate

.
.
Administrative_expenses = Opertional_profit*
Insurance_rate

Administrative_income = NORMAL(23.76, 8.48)
Balanced_of_palcement NORMAL(6257.27,
2844.28)

Deposit_rate = NORMAL(0.0359, 0.0009)
Insurance_rate = 0.08

Lending_rate = NORMAL(0.1422, 0.001907)
Salaries_rate = 0.04

Saldo__Captacién = NORMAL(4992.84, 2149)
Taxes = 0.33
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