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Abstract: 
Background: This study performs a Systematic Literature Review (SLR) to analyze models and methods for 

measuring efficiency in forklifts, highlighting gaps in existing knowledge. The research aims to broaden the 

understanding of the topic, identifying either models or methods applied in the operational management of this 

equipment in distribution centers. 

Materials and Methods: The methodology followed rigorous protocols, including inclusion and exclusion 

criteria, to review articles published between 1960 and 2024 in the Scopus and Web of Science databases. 

Results: The results indicate that traditional measurements are limited to indicators such as hours worked and 

utilization rates, revealing the absence of consolidated models that consider broader metrics, such as 

environmental impact and productivity. Studies analyzed demonstrate that multicriteria methodologies, such as 

FUCOM and WASPAS, are effective in selecting and evaluating forklifts, contributing to more assertive decisions, 

but are not sufficient to determine the operational efficiency of a forklift. 

Conclusion: This research highlights the need for new models that integrate contextual variables such as loading 

times and equipment downtime analysis to maximize forklift operational performance. As a contribution, the study 

provides a detailed overview of existing approaches and suggests future research focusing on emerging 

technologies such as IoT and artificial intelligence to improve logistics efficiency. 
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I. Introduction 
The logistics sector plays an essential role in supply chain management (SCM), connecting distinct 

stages of production, storage, and distribution. As the foundation of this process, warehouses balance supply and 

demand, reduce costs, and increase operational visibility. Logistics equipment, such as forklifts, are crucial to 

optimizing material pooling and improving operational efficiency, especially in environments where automation 

is still limited. The efficiency of forklifts directly affects warehouse performance, while [1] highlight that a careful 

selection of smart equipment can reduce operational costs and improve operational punctuality and accuracy [1], 

[2]. Forklifts are used for transportation applications where flexibility and high turnover rates are the main 

requirements [3], [4]. 

With the advancement of innovation from digital technologies, the criteria for greater efficiency in 

warehouses and distribution centers have grown, driven mainly by e-commerce and the rise of large retailers. 

However, challenges such as labor shortages and limitations of conventional equipment, such as manually 

operated forklifts, make it difficult to meet market demands. In addition, activities such as picking, order 

separation, and shipping require constant monitoring to ensure efficiency and competitiveness [5], [6]. The role 

of warehouses goes beyond storage, providing supply chain integration centers and promoting productivity gains. 

Despite the growing interest in advanced equipment, such as trilateral forklifts, their market potential is still 

underutilized. To face these challenges and meet the growing expectations of consumers and companies, it is 

necessary to invest in strategic operational planning, automation, and operations specialization technologies 

regarding the flows and processes in these operations, especially about material handling equipment [2], [7]–[11]. 

Material handling equipment directly determines the efficiency of operations in a Logistics Distribution Centers 

(LDC) [12]–[15] Therefore, it is necessary to analyze material movements using forklifts [16]–[22] since forklifts 

are the most widely used mobile resources for moving materials in distribution centers and warehouses [18], [22]–

[25] 

Due to this complexity and the future scenario of these operations, the need for the evolution of LDCs 

and the challenges of productivity and efficiency increase [26]–[28], so new technologies and new methods must 

be considered in the necessary changes to logistics [29], [30]. The topic of measuring efficiency in forklifts was 
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presented by Nunes [9]in a study of indicators applied to operations in Brazilian Logistics Distribution Centers. 

In this research, the scarce measurement of productive efficiency in these environments was observed, and no 

indicators that guide the measurement of forklift efficiency were found in the sample. The study only presents the 

measurement of utilization through the measurement of hours worked and collected by hour meters installed in 

such equipment [9] From this perspective, this article aims to develop a Systematic Literature Review (SLR) on 

the topic of measuring efficiency in forklifts. This SLR aims to provide an image of the publications in the area 

and to facilitate the process of understanding the topic [31]–[33]. Most of the research that addresses forklift 

efficiency in the literature focuses on the design and operational characteristics of the forklift, facility layout, and 

storage and routing policies [34]. This SLR aims to verify the research carried out on the topic of asset operational 

efficiency and its results in order to analyze the existence of models, methods, or frameworks that guide the 

measurement of this concept in forklift operations. This article is structured as follows: the next section provides 

the research methodology followed by the findings. Then, the discussion and final remarks are presented to 

discuss the contributions of the research, limitations, and areas for future research. 

For this research, a work method was developed based on Morandi and Camargo [31] for the execution 

of the SLR (Figure 1). In step 1, in defining the central research theme, Nunes [9] research addressed the indicators 

used in the management of efficiency in forklift fleets in Brazilian distribution centers. In this research, we 

observed that the companies surveyed do not measure the efficiency of forklifts in their operations, and no model 

for measuring forklift efficiency was found in the literature. Studies present the measurement of the use of this 

equipment by measuring the hours worked, which are collected by hour meters attached to this equipment. Thus, 

the need to measure the efficiency of this equipment is a research gap that needs to be broadened in the discussion 

on the topic of material handling equipment. Thus, the central question that guides this SLR[35] is how the 

measurement of efficiency, utilization, or productivity is applied in measuring the efficiency of forklifts. 

 

 
Figure 1 – Working method applied in conducting this research 

Source: The authors. 
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In stage 2, the time horizon for the searches was first defined as 1960 to 2024, and the databases searched 

would be Scopus and the Web of Science (WOS) [36]–[38]. For this SLR, two review questions were developed: 

1) What are the models and methods for measuring forklift efficiency? and 2) What are the objectives of these 

models and methods? What do they measure? Furthermore, we defined that the review strategy would be 

aggregative and defined the keywords for the search as well. These keywords were separated into three groups: 

(i) forklift: represented by the keywords lift truck, lifttruck, forklift, fork lift, forktruck, fork truck, truck lift, 

trucklift and fork hoist; (ii) measurement: measurement, assessment, mensuration, admeasurem, meterage, 

measure, appraisal, estimate, evaluation, valuation, appraisement, and; (iii) efficiency: efficiency, effectiveness, 

productivity, utility, utilization, capacity, and capability. Based on these definitions, a research protocol was 

developed (Figure 2). 

 

 
Figure 2 – Research protocol applied to this SLR 

Source: The authors. 

 

II. Result 
After applying the research protocol in the Scopus and WOS databases to verify the number of scientific 

articles and journals published between 1960 and 2024, the results included articles published in scientific journals 

and peer-reviewed journals [38], [39] (Table 1). 

 

Table no 1 Publications found in Scopus and Web of Science databases from 1960 to 2024 
Keywords Scopus WOS 

(“lift truck” OR “lifttruck” OR “fork lift” OR “forklift” OR “forktruck” OR “fork truck” OR 

“truck lift” OR “trucklift” OR “fork hoist”) AND (“measurement” OR “assessment” OR 

“mensuration” OR “admeasurem” OR “meterage” OR “measure” OR “appraisal” OR “estimate” 
OR “evaluation” OR “valuation” OR “appraisement”) AND (“efficiency” OR “effectiveness” OR 

“productivity” OR “utility” OR “ability” OR “capacity” OR “capability”). 

274 

 

85 

Source: The authors. 

 

Once the search in the databases was completed, the analysis of the results began, which was carried out 

through the following steps: a) identification and elimination of duplicate results in both research databases; b) 

reading of the titles; c) reading of the abstracts; d) search for the full publications and verification of availability; 

and e) reading the full publications for the publication of the results. Figure 3 shows the structure of the analysis 

carried out in the Scopus and Web of Science databases [40], [41]. 



Measuring Productive Efficiency In Forklifts: A Systematic Literature Review 

DOI: 10.9790/487X-2704041018                      www.iosrjournals.org                                       13 | Page 

 
Figure 3 – Structure of the research analysis carried out in the Scopus and Web of Science databases 

Source: The authors. 

 

After analyzing the 359 articles found in these databases, 82 were excluded because they were published 

in both databases. Thus, 257 manuscripts were analyzed in relation to their title. After this analysis, 248 articles 

were excluded. Of the remaining 29, 22 were excluded after analyzing their abstract. Finally, seven files remained 

for complete analysis. Of these, the article entitled “Lift truck for in-process handling” by Jones RD, published 

in 1976 in the Technical Paper Society of Manufacturing Engineers was not found available on the web and was 

therefore excluded from the analysis. Based on the analyses and readings carried out on the publications found in 

the Scopus and Web of Science databases, only six of them were read in full. After reading these manuscripts in 

full, two works were excluded: (i) Antenna concepts for RFID on forklift trucks, published in the 2nd International 

Multi-Conference on Engineering and Technological Innovation, Proceedings (IMETI) in 2009 by Jungk A., 

Heiserich G. and Overmeyer L., and; (ii) Lidar positioning and path tracking of a single steering wheel automated 

guided vehicle forklift, published in 2024 by Yao M., Duan J., Shao Z., Yuan S., and Su Y. in the Journal of 

Tsinghua University. Finally, the four works that are part of the corpus of this research and their information are 

presented in Table 2. 
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Table no 2 Results found in the Scopus and WOS databases regarding the research topic in the period between 

1960 and 2024 
Id Title Author(s) Institution Publication Keywords 

1 Assignment-simulation 

model for forklifts in a 

distribution center with 
aisle constraints 

Becerra-Fernandez 

M., Romero OR, 

Trujillo-Diaz J. and 
Herrera MM 

School of Engineering, Science 

and Technology, Universidad 

del Rosario, Bogotá, Colombia; 
Fundación Universitaria 

Internacional de La Rioja - 

UNIR, Bogotá, Colombia; 
Faculty of Economic Science, 

Universidad Militar Nueva 

Granada, Bogotá, Colombia 

Simulation 

Modeling 

Practice and 
Theory, (2024): 

133, 102902. 

Discrete-event 

simulation 

(DES); Forklift; 
Logistics; 

Resource 

allocation; 
Warehouse 

2 A better indexing 

method for the closest 

open location policy in 
forklift warehouse 

operations 

Nguyen DA, Pham 

TT and Nguyen VD 

Ho Chi Minh City University of 

Technology - Vietnam 

In: AETA 2018-

Recent advances 

in electrical 
engineering and 

related sciences: 

theory and 

application. 

Springer 

International 
Publishing, 

(2020): 251–260. 

Closest open 

location; COL; 

Storage location 
assignment 

problem; 

Warehouse 

management 

problem 

3 FUCOM method in 

group decision-making: 
Selection of forklift in a 

warehouse 

Fazlollahtabar H., 

Smailbašic A., and 
Stevic Ž. 

Department of Industrial 

Engineering, School of 
Engineering, Damghan 

University, Damghan, Iran; 

University of East Sarajevo, 
Faculty of Transport and Traffic 

Engineering, Doboj, Bosnia and 

Herzegovina 

Decision 

Making: 
Applications in 

Management and 

Engineering 
(2019), 2.1: 49-

65. 

Discrete-event 

simulation 
(DES); Forklift; 

Logistics; 

Resource 
allocation; 

Warehouse 

4 Operations by forklifts 

in warehouses 

Burinskiene A. Vilnius Gediminas Technical 

University, Lithuania 

European 

Modeling and 

Simulation 
Symposium. 

European 

Modeling and 
Simulation 

(2012). 

Forklifts; 

Routing; 

Savings; 
simulation; 

Warehouse 

Source: The authors. 

 

After presenting the analysis of the data found in the databases, the summaries of the articles read in full 

are presented. 

In step 4, after being read, the articles that make up the corpus of this research are presented synthetically. 

The first article to be presented is the work published in 2024 by Becerra-Fernandez et al.[42]. This article aimed 

to develop a discrete event simulation (DES) model to optimize the allocation of counterbalanced forklifts in a 

LDC with aisle restrictions. Focused on a consumer goods company, the model sought to improve the 

performance of logistics operations, considering operational costs and customer service levels, and addresses a 

gap in the existing literature when dealing with spatial restrictions in warehouses. The methodology adopted 

involved the collection of historical data from the warehouse management system used to feed the simulation 

model. The process included steps such as problem formulation, definition of hypotheses, conceptual modeling, 

data collection and validation, and execution of simulations in different scenarios. 

The focus was on the analysis of three leading performance indicators: the pallet rate per hour (PHR), 

the percentage of pallets in the queue (PPQ), and the percentage of pallets stored (PPS). The results showed that 

the use of two counterbalanced forklifts significantly increased the average pallet dispatch rate per hour from 26 

to 45 while reducing the percentage of pallets in the queue from 55% to 13%. However, the increase in the number 

of reach trucks did not have a significant impact on overall performance, but it did generate an increase in 

blockages due to aisle restrictions. The ideal scenario identified was the use of two counterbalanced forklifts and 

three reach trucks. The study concluded that counterbalanced forklifts are the main operational bottleneck, but 

the indiscriminate increase in the number of forklifts does not improve logistics performance due to the structural 

constraints of the LDC. The simulation revealed that the appropriate combination of equipment can increase 

operational efficiency and optimize the use of available resources without significant additional costs. As a 

contribution, the proposed model can be adapted to other distribution centers with similar characteristics. It also 

serves as a methodological guide for resource planning, reducing uncertainties and implementation costs. Future 

research should focus on the application of DES for strategic decisions in logistics, considering factors such as 

time and cost in complex operational environments. 
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The publication by Nguyen et al[43] proposed a time-based indexing method to optimize the closest 

open location (COL) policy in warehouse operations with forklifts. This method seeks to reduce the travel, 

loading, and unloading time of pallets, improving efficiency and reducing costs in storage and retrieval operations. 

The methodology involved the creation of an algorithm based on realistic assumptions for a frozen product 

warehouse, using a FIFO (first in, first out) policy. The simulated warehouse had a capacity for 480 storage 

locations, and the model considered variables such as travel distance, lifting time, and equipment speed. The 

simulations were performed in an integrated V-REP and MATLAB environment, allowing testing of different 

scenarios with time- and distance-based policies. The results showed that the time-based policy significantly 

reduced the total operation time compared to the distance-based approach, especially at warehouse fill levels 

between 60% and 80%. This policy also promoted a more even distribution of pallets on the shelves, increasing 

the stability of the structures and extending their useful life. The analysis of the operating time revealed that the 

reduction in loading time offset the additional travel time costs, resulting in savings of 4% to 8% in total time at 

normal operating levels. As the warehouse approaches full capacity, the performance gap between the methods 

diminishes, but the time-based approach still proves advantageous in less crowded environments. The study 

concluded that the time-based policy offers measurable operational benefits, including increased efficiency and 

cost savings. Future research should explore more complex scenarios and more extended periods to assess the 

additional impacts of this approach, with a focus on route planning and appropriate scheduling for improved 

logistics operations. 

The study by Fazlollahtabar et al., 2019 [44], aimed to develop a decision support model to select the 

most suitable sideloader for a warehouse using a combination of the FUCOM (Full Consistency Method) and 

WASPAS (Weighted Aggregated Sum Product Assessment) methods. The main objective was to identify an 

efficient solution that met the established criteria and optimized the operational performance in the internal 

transport of the company Euro-Roal. The methodology applied was based on the definition of seven criteria for 

evaluating the forklifts: purchase price, age, working hours, maximum load capacity, maximum lifting height, 

ecological factors, and availability of spare parts. The determination of the relative weights of the criteria was 

performed using the FUCOM method, which ensures consistency in comparisons between criteria. Then, the 

WASPAS method was used to evaluate and rank ten side loader alternatives, combining the weighted sum and 

weighted product models. The results showed that the most relevant criteria were working hours and maximum 

load capacity, with weights of 0.409 and 0.133, respectively. The BAUMANN EHX 30/14/51 forklift was 

classified as the most suitable to meet the company’s needs, presenting the best overall performance among the 

alternatives evaluated. This solution was validated by a sensitivity analysis, which demonstrated stability in the 

results when applying different multicriteria decision methods. The developed model allowed an objective 

analysis of the parameters involved in the decision-making process, ensuring greater precision in the choice of 

the forklift. In addition, the application of the FUCOM method proved to be advantageous in reducing 

inconsistencies in comparisons and providing greater reliability in the weights attributed to the criteria. The 

research concluded that the integration of the FUCOM and WASPAS methods is an efficient approach to support 

decisions in complex contexts, such as the selection of logistics equipment. Future studies can explore the 

operational performance of the selected forklift in real scenarios and investigate the applicability of the model in 

different industrial sectors. 

The study by Burinskiene [45]seeks to identify improvements in the logistics system by analyzing 

forklift operations in warehouses, with a focus on increasing productivity and reducing costs and operating times. 

It emphasizes the importance of these machines, which represent significant investments but have the potential 

to optimize logistics processes by reducing unproductive movements and building lower-cost routes. The 

methodology is divided into two main parts. In the first, simulation methods were applied to model and identify 

optimized routes for forklifts. The second part involved comparative and financial analyses to assess the impacts 

of the proposed improvements, considering scenarios of traditional use and with advanced technologies, such as 

radio frequency (RF) terminals. The results of the simulations showed that the use of forklifts equipped with RF 

terminals enabled a significant reduction in travel time, ranging from 27% to 37%, which was attributed to the 

elimination of the need to return to a central warehouse to obtain new instructions, allowing tasks to be distributed 

in real-time. In financial terms, the proposed improvements resulted in a total cost reduction of approximately 9% 

over five years, which was achieved by reducing operating costs, such as operating time and machine wear. In 

addition, the study indicated that the implementation of infrastructure associated with RF terminals presents a 

significant return on investment. The research concluded that the application of optimized routes and technologies 

such as RF terminals is essential to maximize warehouse efficiency. The reduction in costs and operating times 

reinforces the viability of these improvements, which can be expanded by increasing the number of forklifts in 

operation, further increasing productivity and logistics competitiveness. 
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III. Discussion 
The systematic review showed a significant gap in the literature on measuring forklift efficiency. Most 

of the studies analyzed are limited to simple indicators, such as hours worked or utilization rate, often monitored 

by hour meters. This approach does not consider more complex metrics, such as productivity, sustainability, or 

environmental impact, which are essential for efficient management in dynamic logistics environments. Although 

some studies use multicriteria methods for forklift selection, such as FUCOM and WASPAS, these models do 

not fully address the operational dynamics in warehouses and distribution centers. Aspects such as loading times, 

route optimization, and unplanned stops are neglected, which limits the practical applicability of the methods to 

improve overall efficiency[44], [45]. 

This lack of consolidated models can be attributed to the complexity of logistics operations, which vary 

across sectors and contexts. Many studies prioritize easily measurable indicators, ignoring the specificities of each 

operation, which demonstrates the need for adaptable frameworks that integrate contextual variables and provide 

a holistic view of forklift performance [42], [43]. Another critical aspect is the disconnect between emerging 

technological demands and measurement methodologies. Technologies such as IoT, real-time sensors, and 

artificial intelligence have the potential to transform logistics management, but little has been explored in the 

literature as tools for measuring forklift efficiency. The integration of these technologies can provide real-time 

insights, enabling faster and more accurate operational adjustments. Existing studies also lack robust, practical 

applications. Although methodologies such as discrete-event simulations are promising, they are still restricted to 

theoretical or experimental scenarios, which limits their large-scale adoption by logistics companies. There is, 

therefore, a vast field for research to validate these approaches in authentic and diverse contexts [9], [16]. 

Furthermore, an excessive focus on economic indicators can obscure other crucial factors, such as 

environmental impact and workplace safety. Future models must balance financial priorities with sustainability 

and well-being issues, considering trends such as green logistics and corporate social responsibility. The 

development of integrated models, which combine advanced technologies with comprehensive metrics, is crucial 

to fill this gap. Such models and/or frameworks would not only improve operational efficiency but also strengthen 

the competitiveness of logistics companies, responding to the demands of an increasingly demanding 

technological market. 

To guide studies on this topic, in line with trends in efficiency analysis, it is necessary to develop research 

that presents models and methods for measuring operational efficiency for forklifts, given that these assets are 

the leading equipment for moving materials in Logistics Distribution Centers. Furthermore, it is necessary to 

develop smart devices, based on the concepts of the Internet of Things (IoT) for data collection in order to not 

depend on notes made by drivers, since in addition to harming the productivity of these operations, they impact 

the efficiency of the equipment due to the accuracy of the information that depends on human beings. 

 

IV. Conclusion 
The study sought to explore models and methods used to measure the efficiency of forklifts in logistics 

operations. Based on a Systematic Literature Review (SLR), the research identified gaps, highlighting the absence 

of a consolidated model to measure the efficiency of this equipment, with the frequent use of hour meters to 

monitor hours worked. 

Few comprehensive studies on forklift efficiency were found, demonstrating that current measurement 

is limited to fundamental indicators such as the utilization rate through hours worked by the equipment, pallet 

rate per hour, percentage of pallets in the queue, and percentage of pallets stored. In addition, the importance of 

more robust models that consider aspects such as productivity and capacity was highlighted, expanding the view 

on efficiency beyond traditional use. This research aims to contribute by offering a detailed overview of existing 

approaches. In addition, it presents the FUCOM and WASPAS methodologies addressed in the analyzed studies, 

exemplifying how the integration of multicriteria methods can improve the assessment of operational efficiency. 

This study sought to fill a gap in the literature by synthesizing disparate knowledge and highlighting the 

need for models that integrate efficiency measurements beyond simple hours worked or utilization rates. This 

research has direct applicability to distribution centers and logistics warehouses, offering insights for managers 

seeking to optimize logistics processes and justify investments in more advanced technologies. The inclusion of 

new metrics and frameworks can guide the implementation of solutions such as smart forklifts and routing systems 

based on artificial intelligence, increasing the impact on logistics performance. 

The analysis was limited by the scarcity of robust publications in the field, with only six studies 

considered relevant to compose the final corpus. The search covered articles up to 2024 and may not reflect the 

most recent innovations or specific regional approaches outside the context analyzed. The lack of studies that 

address practical integration and concrete results may limit the immediate applicability of the reviewed 

frameworks. 

Suggestions for future studies include the development of models that integrate contextual variables, 

such as loading time, equipment downtime, optimized operations, and environmental impacts. Technologies such 
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as IoT, artificial intelligence, and real-time sensors should also be explored to measure forklift efficiency, as well 

as investigate models that measure logistics performance in real scenarios, considering different industrial sectors 

and specific operating characteristics. 
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