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Abstract 

Aggregate planning is a medium-term production plan feasible from the workforce's capabilities and levels. This 

article presents a literature review of its influence and impact on the manufacturing industry, where current 

strategies are analyzed and applied in diverse industrial sectors. After the decision-making leading to model 

structuring, different solution methods for the aggregate planning models and their main features are identified. 

Consequently, they are solved by using computer tools easing their application and understanding. Finally, we 

analyzed the industries that have applied aggregate planning to demonstrate this planning method's flexibility in 

different manufacturing industries. This paper offers a quality alternative for accessing information about 

aggregate planning and its implementation in the manufacturing sector. 
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1. Introduction 

Aggregate planning can be defined as a production plan that is feasible from a capability approach and 

allows achieving the plan with strategies in the best possible way with the tactical objectives of the 

operations subsystem [1]. 

 

The aggregate operations plan defines production rates by product families or other categories over the 

medium term (3 to 18 months). The main objective of the aggregated operations plan is to specify the 

optimal combination between the production rate, labor force level and inventories [2]. A good 

aggregate planning results in a reasonable use of available resources in the manufacturing organization 
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[3]. They are those activities that must be executed to achieve business goals that will culminate in 

fulfilling the demand for each period established in the production planning [4]. Manufacturing 

industries generally involve highly complex manufacturing operations, thus requiring adequate decision 

support for aggregate planning [5]. Table 1 shows the characteristics to consider in the development of 

aggregate planning. 

 

Table 1. Characteristics of aggregate planning 

Characteristic  Description 

Strategies 

 

Leveling 

Chase 

Mixed 

 

Performance measures 

Costs 

Utility 

 

Solution methods 

Mathematical programming 

Simulation 

 Heuristics 

 

As for strategies based on constant production or leveling, where the production rate is considered fixed, 

which leads to reduced hiring and firing costs, product quality is increased, compliance with production 

plans is facilitated, and labor and raw material costs are reduced. In this strategy, inventories become 

essential to adapt the uniform production rhythm to the oscillations of demand, accumulation of orders 

and loss of sales. The demand tracking or chasing strategy adjusts the production rhythm according to 

each period's requirements, so the inventory level is practically non-existent. This strategy requires 

flexibility in labor, installed capacity and raw material; finally, mixed strategies consist of the optimal 

mix of the previous ones [6]. The aggregate plans can achieve higher profits and avoid suboptimal results 

[7]. However, they are also used to minimize costs where an objective function of labor and other 

inventory management costs is proposed in the analyzed period [8]. 

 

In the solution of an aggregate planning model, techniques such as fuzzy logic can be used, which takes 

into account the uncertainty of the imprecision of statistical or non-statistical information [8]. Linear 

programming allows knowing each of the alternatives that can be applied in the company to meet the 

production since it is a systematic and innovative technique that takes into account the variables involved 

in the production and optimizes the resources used by the company to produce a product [9]. Simulation 

helps estimate the demand and capacity starting from techniques that allow experimenting and 

formulating different plans so that an adequate activity scheduling plan can be generated [10]. It can be 

solved using solution packages such as Lingo (or GAMS), among others [11]. 

 

At a global level and in economic powers such as Japan, the United States and Germany, there is 

evidence of high economic growth and employment levels sustained by a strong manufacturing sector. 

However, the relative loss of weight of the manufacturing industry in a country is accompanied by a 

deterioration, which is why national governments must pay special attention to the behavior of their 

manufacturing industry if they do not want to suffer complications from such a decline. It is also argued 

that from a weight of 20% of the industrial manufacturing sector in a country's economy, the balance of 

goods and services determines a positive value, which would indicate the convenience of maintaining a 

manufacturing industry of approximately one-fifth of the gross value added of a country's total economy 

to be able to have positive balances in the balance of goods and services [12]. At the Latin American 

level, in Uruguay, there is a growing importance of the manufacturing sector in process innovation. The 

food, beverages and tobacco industries have the highest investment in innovation and development, 

followed by textile and wood, with the main improvement activities being the acquisition of capital 
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goods (29.1%), and training (26.9%), among others [13]. The importance of the manufacturing sector 

in Mexico can be seen evidenced in the country's exports as one of the most significant foreign exchange 

generators, with a participation of around 90% by mid-2017, according to the Bank of Mexico [14]. In 

Colombia, the importance of the manufacturing sector is evidenced by its share in the national GDP, 

which during the period 2000-2005 averaged 14.5%, surpassing large sectors such as agriculture, 

commerce and construction [15]. 

 

The following research conducted a literature review related to the aggregated operations plan, such as: 

Dejonckheere, Sidney, Lambrecht, and Towill (2003), analyzed the literature allowing to determine the 

development of computer tools for applicability in an aggregated planning model, in addition to 

characterizing the aggregated planning of operations as a dynamic system and comparing solution 

strategies such as level, pursuit and pragmatic [16]; Boiteux, Corominas, Lusa (2007), conducted a 

literature review, in which they detected the limitations in proposed models, as well as recommending 

new research approaches that allow aggregate planning, to become a tool to integrate the activities of 

the main areas of the company in the medium term, and thus, to ensure its operation and improving 

efficiency and overall benefits [17]; Camacho and Sanchez (2017), conducted a literature review which 

was focused on the concept of aggregate planning, modeling and solution techniques most used in 

various industrial sectors according to different variables of study, coming to find that integer linear 

programming is the most used model to solve aggregate planning problems in industries such as 

automotive, electricity and food, which were the most worked sectors. 

 

An analysis of the implementation of fuzzy logic and heuristic methods in the industrial sectors studied 

was also elaborated [18]. Finally, Hung, Medina, Comas, Hernandez and Medina (2014) expose various 

concepts of aggregate planning and its relationship with the environment of organizations in terms of 

their basic functions and relationship with business strategies. In addition, it performs a brief collection 

and description of aggregate planning strategies for problem-solving [19]. Therefore, the present review 

article has added value, as it focuses on analyzing the results of aggregate planning in the manufacturing 

industry and how they arrived. In addition, information was gathered on new factors and existing 

methods to solve problems related to aggregated operations planning. 

 

According to the above, the article's objective is defined as a literature review of the context of aggregate 

operations planning, focused on the design and implementation of models in the manufacturing industry. 

Besides, we will analyze the sectors that have applied this knowledge to know the impacts, either in 

costs or profits of the companies, through the application of leveling, chase and mixed strategies. 

Furthermore, we hope to complement this review article with a practical analysis of the different solution 

methods (mathematical programming, simulation and heuristic methods) and the tools used as 

specialized software and their importance in the development and solution of aggregate planning 

problems in the industry. Likewise, we will analyze the industrial sectors in which the implementation 

and resolution of aggregate planning models have been carried out. 

2. Method 

We consulted the following databases: Google Scholar, Web of Science and Scopus (Figure 1), where 

certain search equations were established based on aggregate operations planning, and production 

planning, in conjunction with: the manufacturing industry, manufacturing, and industrial process 

improvement. 

 

Figure 1. Databases for obtaining bibliographic sources
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We considered documents published from 2000 onwards (Figure 2). Moreover, we decided on papers 

based on applications of design and implementation of various strategies in sectors related to the 

manufacturing industry, which were supported by sources of general knowledge on aggregate operations 

planning. 

 

Figure 2. Years of publication of selected documents

 
 

Analyzing each source allowed us to define the information to be extracted from each of them, using 

concepts and theories of aggregated operations planning. 

3. Results 

3.1 Strategies 

 

Table 2. Strategies for operations planning 

Strategy 

 

% References 

Mixed 

 

 

Leveling 

64,71 

 

 

23,53 

9, 23, 29, 30, 35, 

40-43, 45, 47 

 

10, 20, 22, 34 

 

Chasing  

 

11,76 

 

21, 47 

 

The selection of the aggregate planning strategy must be appropriate for each industrial sector since each 

has requirements and restrictions for its transformation processes. However, in a general context, mixed 

strategies, including overtime, subcontracting, hiring or firing, are the most applicable, in addition to the 

other strategies, which are adapted to the industrial context (Table 2). 
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To implement the workforce leveling strategy, the total production must be met, employing measures 

such as overtime and relocation of labor during idle times [20]. Aggregate planning using chasing, can 

generate a series of consequences or assumptions on which it usually works, where it is analyzed having 

a constant labor force, that will end up in the need to resort to overtime when the production capacity is 

exceeded, on the other hand, if it works with labor reduction, it will lead to the realization of adjustments 

in production costs. Finally, it can be combined with the leveling strategy, which will allow inventory 

costs to be taken into account [21]. 

 

In many cases of operations planning, an analysis was made by comparison, where several strategies 

were used to find the one that yielded the best results and adapted to the industries. For example, in 

small sawmills, where the quality of labor is essential, due to the requirements of experience and 

knowledge of the industry, it is advisable to apply aggregate planning through a database, computer 

tools and professional capacity destined to generate positive results in business management. It was 

found that the best proposal was that of leveling where the labor force remained constant by adjusting 

inventories, yielding better results than the mixed and pursuit strategy, which will allow to continue 

with the quality of the workforce and avoid staff turnover [22]. 

 

3.2 Performance measures 

 

Table 3. Performance measures 

Performance 

measure  
Components % Reference 

Cost Inventories 

Shortages 

Regular time 

Overtime 

Subcontracting 

Hiring and firing 

Environmental 

Social 

Raw Materials 

79,41 1, 8-11, 20-23, 25, 

26, 29-31, 34-36, 38, 

40-44, 46-49  

Profit 

 

 20,59 7, 27-28, 33, 39, 45, 

50 

 

The results is in Table 3, where the superiority of costs as a performance measure is evident. By utilizing 

the data on the forecasts and the standard production time, it is possible to continue with the aggregate 

planning process, establishing the associated costs [23]. These are generally represented by smoothing 

costs, inventories, shortages, regular time, overtime, and subordination [24]. For the solution of an 

aggregated planning model by linear programming, in which most cases take the costs as a performance 

measure, its objective function is the minimization of production planning costs [25]. Costs can be 

affected according to the strategy to be implemented. It depends on the special conditions of the 

manufacturing sector, according to the methodology of each of these strategies [9]. It was evidenced in 

[26], the inclusion of raw material costs together with the costs of the aggregate plan. 

 

Profit is a performance measure that maximizes the difference between sales revenue and the total cost 

components [27]. The objective function is designed to maximize the profit at the end of the planning 

period. In addition, it is usually integrated with a model, the production variables, with those of financial 

management to achieve more effective decision-making [7]. 

 

With the new trends in social and environmental policies in the industry, we found the inclusion of 

environmental and social factors in the cost structure in more recent models of aggregate planning. Some 
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papers have compared conventional models of aggregate planning with those that consider sustainability 

factors, showing a decrease of 2% in profit, as seen in the case of the manufacturing industry of 

household appliances [28]. Furthermore, tax benefits are obtained in many countries by considering 

environmental and social factors in operation planning. For example, in Colombia, the hiring of disabled 

personnel is promoted, which positively influences companies' finances. In a particular case, an increase 

in cash flow of 40% was shown by having disabled labor [29]. It is observed the evolution of the industry 

towards an ideology of social responsibility, considering the influence of its operations on the 

environment and the society around them, so they are in need to allocate funds to supply aspects such 

as emissions control, operating taxes and contributions to programs and institutions beneficial to society. 

 

3.3 Solution methods 

Tabla 4. Solution methods 

Methods %  References 

Mathematical 

programming 

Linear 

Programming 

 

Multi-objective 

linear programming 

 

Linear 

programming-

Fuzzy logic 

 

Mixed integer 

linear programming 

 

24,13 

 

 

20,69 

 

 

 

17,24 

 

 

 

17,24 

 

9, 11, 23, 41, 43-45 

 

1, 20, 25, 27-28, 34 

 

 

8, 32-33, 35-36 

 

 

29-30, 39, 47, 50 

Simulation Discrete events 

 

Monte Carlo 

6,90 

 

6,90 

37, 48 

 

10, 38 

Heuristics Trial and error 6,90 22, 42 

 

According to the review carried out and the results specified in table 4, the high applicability of 

mathematical programming models is linear programming, which consists of elaborating an objective 

function, which in most cases is carried out to minimize total costs [20]. The solution using linear 

programming combines, controls and minimizes the most important resources a company has in the best 

way [9]. On the other hand, mixed integer linear programming allows the possibility of dealing with 

models of great difficulty in the manufacturing industry in multistate serial systems [25]. As in the 

refrigerator industry in Turkey, it was applied to optimize the manufacturing process, considering 

environmental and social sustainability [30]. In cases where handling more than one objective function 

is required, multiobjective mixed integer linear programming is a suitable alternative for its application 

in the solution of sophisticated and complex aggregate planning models [27]. Moreover, it can be 

adapted to not-so-common solution models, as in the cable industry, in which the solution was 

performed using transport models based on the Vogel approximation method, assigning 4% of the 

production to overtime, decreasing this factor by 2.9% compared to the initial model [31]. 

 

Fuzzy logic is applied in aggregate planning as one of the starting points of the model since it can be 

used as a tool for forecasting since it is a value with uncertainty [32]. In linear programming, it is used 

to manage the demand. It can represent a benefit or advantage for the analyst, working with fuzzy data 

with a certain degree of accuracy and security [8]. Applying tolerances for some constraints that require 

it of the linear programming model, its effects will be reflected in the level of satisfaction of the decision 

maker [33]. Sometimes fuzzy logic must be applied in multi-objective programming models, having 

more than one data with uncertainty [34]. For example, the application for the solution of an aggregate 
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planning model where demand, operating costs and capacities are uncertain data [35]. This will allow 

for choosing a production plan that best suits the variant market conditions, and production capacities, 

among other aspects [36]. 

 

The discrete event simulation model allows obtaining the plant's behaviour under changing production 

levels, working hours, inventories and distribution through the application of templates designed for its 

application [37]. On the other hand, the Monte Carlo simulation method is used to generate random 

demands, which will be used to understand the behavior of process variables such as inventory costs 

and missing units, since it generates several plans or events, in which the demand varies, where the best 

result of the total number of simulations is selected [38]. 

 

Trial and error heuristics are used to illustrate alternative plans and compare capacities, considering the 

demand, the labor and production and inventory background. This method finds regular production, 

overtime or subcontracting, which generates a search habit as a decision rule. The process is repeated 

by applying other alternatives to obtain several aggregated plans to choose the best solution [20]. 

 

The great advantage of the aggregate planning solution methods in the manufacturing industry is the 

flexibility of the proposed models, since they can be applied in different sectors, with only minor 

adjustments in the variables and restrictions [39]. 

 

3.4 Tools used 

 

Table 5. Tools used in operations planning 

Software  

 

% References 

Excel 37,5 1, 10, 21-23, 38-39, 41, 

46 

Lingo 25 9, 11, 27, 33, 35, 42 

WinQSB 

 

12,5 20, 25, 40 

IBM CPLEX- FICO 

Xpress Optimizer 

12,5 45, 47, 49 

 

GAMS 

 

8,33 

 

8, 43 

Symphony 4,17 37 

 

The application of software in aggregate planning is essential to solve the formulation of models by any 

methods used optimally. In the literature review, the application of the Aggregate Planning tool 

belonging to the WinQSB software was found, which allows obtaining a first optimal solution subject 

to subsequent changes of the model according to the analyst's criteria to get a better solution [40]. As 

for Excel, the implementation of Solver was reviewed for the resolution of linear programming models, 

through a straightforward design and registration of the information, feeding the models and allowing 

the determination of values of the objective function and decision variables [41]. As a result, Microsoft 

Excel helps to find a plan that meets the estimated demand and yields the solution of the minimum costs 

in a planning period [22]. On the other hand, Lingo was used to solving aggregate planning problems 

through mixed integer linear programming [42]. 

 

Moreover, this software presents a perfect interface to solve linear, integer and nonlinear programming 

problems [9]. For the solution of models with many variables and constraints, GAMS can be used, which 

can be linked to Excel employing Visual Basic coding, to generate an interface that allows displaying 

the results better [43]. Given the easy handling and access to Microsoft Excel, it was found as the most 
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used for the solution of aggregate planning models in the manufacturing industry, as shown in Table 5, 

allowing to obtain results with a high degree of accuracy to offer increased flexibility in the modeling 

of the information.  

 

3.5 Industrial sectors 
 

Table 6. Industrial sectors 

Industry 

 

% References 

Household appliances 16 8, 28, 30, 49 

Food 12 20, 40, 44 

Automotive 12 46-48 

Textiles 12 10, 43, 50 

Building Materials 8 27, 37 

Forestry 8 22, 45 

Metalworking industry 8 35, 41 

Wiring 

Cosmetics 

4 

4 

31 

38 

Leather, footwear and 

leather goods 

4 9 

Furniture 

Chemical processing 

Toiletries 

4 

4 

4 

42 

5 

23 

 

Aggregate planning of operations in the manufacturing industry has been implemented in a large number 

of companies and in various sectors, as detailed in Table 6, generally in search of minimizing costs, as 

in the food industry, where it was implemented and developed with WinQSB software, evaluating seven 

aggregate plans, of which they obtained the minimum cost in the seventh plan with an optimal value of 

$780,620,000 where they mixed the strategies of leveling and chasing [40]. Similarly, in a chocolate 

company where they managed to minimize costs for 10 product families, for which information on the 

optimal solution and the objective function could not be obtained due to the company's policies [44]. 

 

In specific cases, the company's objective is to maximize profits, where aggregate planning has made it 

possible to determine the production, subcontracting and inventory levels for each of the sawmills of a 

forestry company, supported by the use of FICO Xpress-Optimizer and CPLEX as a solution tool [45]. 

 

Aggregate planning can be focused on determining general aspects of a production process, as in a 

company of the automotive sector that minimice the costs, and find the appropriate use of its production 

capacity, inventory levels, subcontracting and overtime, considering process limitations and company 

policies, where the mixed strategy was defined as the most appropriate, yielding an optimal production 

of 1450 prod/month [46]. Similarly, companies in the same sector have worked in highly variable 

environments to minimize costs, where the model was solved by applying mixed integer linear 

programming [47]. 

 

In addition to linear programming, in the automotive sector, simulation methods have also been used, 

specifically using discrete events, for aggregate planning, with a very complex model consisting of 5 

stages of 12 final products and 16 components, where the objective was the inventory costs, were 

utilizing ten simulations they obtained a customer service level of 4% and inventory of 3% [48]. 

 

Optimizing and improving aggregated operations planning models are essential for efficient business 

management. For example, a metal-mechanic industry implemented the strategies of chasing, overtime 
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and inventory levels to achieve a 7.4% reduction in labor and hiring costs, generating a positive impact 

of savings of approximately $2,083,813 [41]. 

 

In the household appliances manufacturing sector, models have been developed focused on 

sustainability, which takes into account environmental and social aspects, to reduce environmental 

pollution and ensure the social welfare of employees, where a mixed integer linear programming model 

was performed that took into account these aspects, influencing the increase in costs of 4.47% and 2.47% 

for environmental and social factors, respectively [30]. Another approach in this sector was to maximize 

the profits generated in a period taking into account restrictions based on the remanufacturing processes 

[49]. 

 

In the application of aggregate planning models, there are cases in which restrictions are established by 

management, customers or that are special to the industrial sector treated, such as the footwear sector, 

since the solution was made by linear programming, which served to reduce production costs and 

increase process productivity, keeping labor at a stable level and resorting to the variation of inventories 

according to the needs of each season [9]. A similar case is presented in the furniture industry, in which 

changes in the labor force must be managed with caution, where priority is given to the mobility of 

personnel in jobs, rather than hiring and firing, in which aggregate planning was applied to reduce costs 

by 23% [42]. Aggregate planning can be implemented in different production methods, as in the textile 

sector, under a make-to-order philosophy, for 28 families of garments, where it was possible to 

maximize profit and obtain the optimum quantities to manufacture 11162 garments in the typical 

workday, 3120 in overtime and 3648 in maquila [50]. This allows visualizing the flexibility and 

adaptability of aggregate planning and its solution methods to the particular requirements of the various 

manufacturing industries and the importance of its application for business decision-making according 

to its solution by several methods. 

4. Conclusions 

This paper visualizes how aggregate planning is designed, modeled, solved and applied in the 

manufacturing industry, having references of application in 13 recognized industrial sectors. This 

researches obtained an optimal combination between production capacity, inventory levels and labor, 

which is carried out for a planning process of between 3 to 18 months, with various strategies that are 

adapted to each of the contexts of the manufacturing sectors such as leveling, chasing and mainly mixed 

strategies that are the most used with 64.71% of the articles analyzed, since allows taking aspects of the 

others, which are used to structure an appropriate model for each industry. Through this production 

planning method, the relevant information is obtained for decision-making in the manufacturing 

industry, allowing the management of process variables, as it is more convenient for the company, taking 

into account the aspects and rigorousness existing within the corresponding industrial sector and 

demonstrating the flexibility of this technique. This review article presents an alternative for business 

people or students to know and analyze the behavior and variability of the application of aggregate 

planning in the manufacturing industry. 

 

We found in the review that costs are the most used performance measure in the various manufacturing 

industries, with 79.41% of the articles found. Mathematical programming is the most applied solution 

method in the research to address the problems of the manufacturing industry with 79.3%, because it is 

a method that has great flexibility and adaptability in different sectors, just by adjusting the decision 

variables and constraints, according to the needs and requirements that affect the manufacturing 

industry, such as business policies, customer demands, demand behavior, uncertainties of variables and 
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aspects of each industrial sector. Depending on the above aspects, a decision must be made between 

linear programming, mixed integer, multiobjective or the application of fuzzy logic to subsequently 

perform the solution of the method with the help of specialized software, such as Microsoft Excel, 

through its Solver tool, that was the most used with 37.5% of the papers since it is easy to use and 

understand software for the design and development of any model. 

 

The evolution of the operations planning in the industry is observed when adapting to the current 

environmental and social conditions since recent inclusions of these aspects in the proposed models 

were found, which allowed determining the impact of environmental and social aspects on the profit and 

production costs of manufacturing industries, within the framework of the methodology of corporate 

responsibility and sustainability. Therefore, a recommendation is made to future literature reviews or 

scientific articles on aggregate planning of operations to consider environmental and social factors in 

their research since they are currently a fundamental part and have a significant impact on organizations' 

finances. 
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