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Abstract 

The manufacturing industry depends on energy, an increasingly scarce resource. Taking this into account, 

companies seek to use this resource efficiently. This article aims at a systematic literature review on 

frameworks used for the implementation of energy efficiency as a preliminary study of the field. 

 
Keywords:  Energy Efficiency, Systematic Literature Review, Frameworks 
 

 

INTRODUCTION 
 

The problem of energy scarcity hits global scale. This is due to the fact that much of the 

energy production depends on non-renewable sources. As in supply and demand law, the lower 

is the amount of energy provided, the more expensive it becomes, causing a major problem for 

industry in general, which is dependent on it. It is therefore important that these industries 

become more energy efficient in the interests of competitiveness and the global environment. 

(Vikhorev et al. 2013). 

Costs on electricity to an industry like the automotive represent a large part of the company 

expenses. For this reason, looking for ways to reduce spending is vital to its economic 

sustainability. 

Considering this, there are areas of study such as energy efficiency, seeking ways to optimize 

the use of energy within the environment it is being used. Several authors study this area and 

look for different ways to propose application models. Çengel (2011) states that “Energy 

efficiency is to reduce energy use to the minimum level, but to do so without reducing the 

standard of living, the production quality, and the profitability.”  

According to Patterson (1996), energy efficiency is a generic term and there is not a 

quantitative measure of "energy efficiency" that is not equivocal. On the contrary, one should 

rely on a number of indicators to measure changes in energy efficiency. In general, energy 

efficiency refers to the use of less energy to produce the same amount of services or useful 

output. For example, in the industrial sector, energy efficiency can be measured by the amount of 

energy needed to produce a ton of product. 
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Power management is an effective way to monitor energy expenditure, maximize profits and 

improve competitive positions through organizational measures and optimization of energy 

efficiency. Furthermore, it is a dynamic process that generates new knowledge, promoting 

efficiency gains. (Kannan and Boie, 2003) 

Studies claim that there are a number of barriers that inhibit the adoption of cost-effective 

energy efficiency measures (Sardianou, 2008). Although there is a need for industrial energy 

efficiency, studies indicate that the measurements for efficient energy conservation in relation to 

costs are not always implemented, which indicates the existence of an energy efficiency gap. 

This gap is explained by the existence of barriers to energy efficiency (Hirst and Brown, 1990). 

An industrial energy program aims to reduce barriers that prevent energy efficiency. For this 

reason, it is extremely important to detect obstacles that restrict markets for energy efficient 

technologies in order to effectively reduce these barriers (Thollander and Dotzauer, 2010). 

Several researchers propose frameworks on how energy efficiency must be implemented in 

industry, and how to make these applications easier. Considering this, the present study seeks to 

compile several models on energy efficiency that were applied in different industrial areas that 

were found through a systematic literature review.  

The article is organized as follows. First, the methodology applied in the article is described. 

Then, the models and frameworks found in the literature are explained. Finally, the conclusions 

and contributions of the paper are presented. 

 

METHODOLOGY 
 

In order to find frameworks proposed by researchers in energy efficiency, the methodology 

used by the authors is a systematic literature review. The method is based on the steps proposed 

in the 2003-article from Tranfield et al.. The stages consist in identifying the subject that needs to 

be researched, preparing the proposal of this research and then formulating a protocol that is 

going to show the search terms and which databases are to be used, what are the exclusion 

criteria, the types of publications, and the time window of the research. 

After defining the protocol, the research is done by using the search terms in the databases 

and in the articles resulting from the search. Afterwards the authors select which ones are chosen 

according to the criteria predefined in the protocol. During this phase/process, the exclusion 

occurs while reading the abstracts. After this filtering process, the selected items are read in full, 

and the answers of the research questions are sought. (Tranfield et al. 2003). 

In this article the methodology was applied in order to search what are the different types of 

frameworks that researchers have proposed to implement energy efficiency in manufacturing, 

also seeking what are the models applied in the automotive industry. This focus is due to the fact 

this study is the preliminary part of a larger research, in which a model is going to be proposed 

for the implementation of energy efficiency on a machining line of an automotive industry. 

As exclusion criterion, it was defined that duplicate items would be eliminated, articles that 

had nothing to do with energy efficiency and energy management, as well as articles regarding 

energy efficiency in homes. Finally, the last exclusion criteria was whether the article belonged 

to a journal rated below the Q1 category in Scimago in order to restrict the research to the most 

relevant articles. The defined protocol is shown in Table 1. 

When the search terms were applied in the databases, the search results returned over 500 

articles, which after being refined using the exclusion criteria, totaled 78 articles selected for 

analysis presented in the next section. 
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Table 1 – Research Protocol 

Search Terms (ABS, 

TITTLE OR 

KEYWORDS) 

Group 1: ("Energy and utility management*" OR "Energy efficiency" OR 

"Energy management" OR "Energy saving measures" OR "Industry energy 

efficiency" OR "energy measur*" OR "Energy-saving factors"); 

Group 2: ("Conceptual model" OR "Maturity models" OR "Process mapping" 

OR "framework"); 

Group 3: ("Manufacturing" OR "Manufacturing industry" OR "Car industry" 

OR "Automotive industry" ); 

Search Strategy AND between groups; 

Databases Science Direct, Wiley and Sons, Taylor and Francis, Springer, Scopus; 

Exclusion criteria 

Eliminate duplicate articles; 

Eliminate the article if does not refer to Group 1; 

Eliminate the article if refers to energy efficiency at houses; 

Eliminate the article if the Journal ranking in Scimago is below Q1 in Energy 

and Industrial and Manufacturing Engineering categories; 

Language English; 

Publication Type Articles of international journals with com peer review; 

Time Window Not specified. 

 

FRAMEWORKS IN LITERATURE 

 
To achieve energy efficiency, most of the times managers must follow steps to implement an 

energy efficiency program. Although there are barriers that prevent these programs from being 

deployed successfully. In his research, Minchener (2000) states that to implement energy 

efficiency with success in a country like China, it is necessary to mitigate the barriers with 

actions such as introduction of more effective procedures for developing and supporting energy 

efficiency improvements.  The main problems related to the environment and the difficulties 

related to the implementation of energy conservation programs are listed in Dincer (2003) article 

which also proposes key steps to implement them successfully. Chai and Baudelaire (2015) try to 

understand the energy efficiency barriers in Singapore, using a theoretical framework based on 

the Motivation, Opportunity, and Ability (MOA) theory. 

Trianni et al. (2014) provide a structured basis of the drivers that promote industrial energy 

efficiency, as well as knowledge on energy efficiency measures and comprehension of the 

barriers blocking their adoption. 

Thollander and Ottosson (2008) study the barriers that exist and prevent energy efficiency 

from happening. It is showed that a lot of times, these barriers are a consequence of how the 

energy issue is organized within the companies. Hasanbeigi et al. (2010) also study this matter in 

Thailand, and they found out that the most important barrier results from management addressed 

to production and other matters rather than energy efficiency. 

Aiming at removing some of these barriers, government policies might help the achievement 

of energy efficiency. Worrell and Price (2001) investigate scenarios related to energy use, taking 

into account the US public policy, seeking the potential of public policies and technological 

programs for the efficient use of energy. Bashmakov and Myshak (2014) evaluate if energy 

efficiency policies launched in Russian Federation are effective. 
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Mills et al. (2008) list some best practices that corporations should adopt to formulate 

corporate strategies addressing energy management. Demirbas (2008) analyzes energy priorities 

that must be researched, as well as issues that occur in the environment due to lack of energy. 

Aflaki et al. (2013) discuss the challenges of seeking and implementing profitable energy 

efficiency projects. 

Viklund (2015) studies excess heat utilization from an industrial perspective, seeking to 

present how excess heat recovery are promoted or discouraged through policy instruments. 

Rogan et al. (2014) build a model that shows energy demand and supply in Ireland, allowing 

evaluating and providing insights for energy efficiency policies. Kesicki and Yanagisawa (2015) 

explain how the industrial sector is modeled according to the International Energy Agency’s 

World Energy outlook, and presents opportunities for energy saving in the sector.  

Since the ISO 50001 was created, there are requirements that industry must follow to be 

certificated. In their article, Gopalakrishnan et al. (2014) describe a methodology referred to as 

the ISO 50001 Analyzer to facilitate the development of an ISO 50001 energy compliant 

management system. 

A few other studies show how the application of Energy Efficiency programs are made in the 

countries researched. Fleiter et al. (2012) evaluate the program established in Germany to 

provide grants for energy audits in small and medium enterprises and how to overcome barriers 

to energy efficiency. In the Hasanbeigi et al. (2011) research, the potential application of a set of 

energy efficiency measures is evaluated for the Thai cement industry, and the potential 

improvement of these measures is estimated. 

Stenqvist and Nilsson (2012) conduct a study to evaluate the effectiveness of the Swedish 

Program for improving energy efficiency in energy intensive industries (PFE), and its 

effectiveness, while Johansson (2015) focus in unveil the reasons why energy-management 

practices are not implemented in iron and steel companies in Sweden. Blomqvist and Thollander 

(2015) try to overcome the barriers to energy efficiency creating a dataset containing data related 

to energy efficiency from Sweden and USA and publishing it on the Web. 

Hertel and Menrad (2015) study the barriers that prevent small and medium enterprises to 

adopt energy efficiency practices in Germany. Liu (2015) reviews how utility efficiency 

programs in nine jurisdictions of North America react to seasonal peak-energy. Neelis et al. 

(2007) study energy efficiency trends in Dutch manufacturing industry between 1995 and 2003 

using indicators publicly available, physical production and specific energy consumption data. 

Some studies used Data Evelopment Analysis (DEA) in their works. Mukherjee (2008) uses 

it to measure energy efficiency in different states of India, and learn how the Indian 

manufacturing sector is handling energy efficiency in different parts of the country. Similar 

studies were carried out by Hu et al. (2012) in Taiwan, Wang et al. (2012) in China and Özkara 

and Atak (2015) in Turkey. Moreover, Honma and Hu (2013) perform a similar research in 

Japan, using DEA to measure ‘Total factor energy efficiency’ in different manufacture sectors. 

Martinez (2011) utilizes DEA to measure energy efficiency development in non-energy-intensive 

sectors (NEISs) in Germany and Colombia from a production-based theoretical framework. 

Teske et al. (2011) present a review of energy efficiency measures divided by global sector and 

region that resulted in a global energy demand scenario.  

Some authors propose algorithms to improve energy efficiency and management. Niknam et 

al. (2012) propose an algorithm for better energy management by using microgrids, which is a 

cluster of eletrical load. Shui et al. (2015) propose a mathematical method to estimate the energy 
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demand and production frontier and thus evaluate energy efficiency in the automotive 

manufacturing sector using plant-level production and utility consumption data. 

May et al. (2015) and Zhang and Chiong (2015) use a genetic algorithm (GA) to improve 

energy efficiency on the performances of a job-shop. The first considers the objectives for 

productivity and energy consumption to investigate the effects of production scheduling policies 

and the second incorporates it with two problem-specific local improvement strategies to 

minimize energy consumption into the job-shop scheduling. Salido et al. (2015) use the GA to 

solve a job-shop scheduling problem, in which machines can consume different amounts of 

energy to process tasks at different rates. 

Frigerio and Matta (2015a) propose a machinery management method through an algorithm 

in order to find ways to turn off the machines when they are not being used and connect them 

again when they are needed, thus generating energy savings. The authors continue the previous 

study by analyzing the machinery management in accordance with product production lines 

(Frigerio and Matta; 2015b). 

A lot of models and frameworks were proposed to improve energy efficiency and 

management. Ngai et al. (2012) use the soft systems methodology (SSM) to identify 

management support system opportunities for managing energy and utility usage. Ngai et al. 

(2013) propose an energy and utility maturity framework that measures systematically the 

consumption of natural resources and guides organizational advancement in energy and utility 

management. Sundberg and Wene (1994) propose a nonlinear programming model, called 

MIMES (Model for description and optimization of Integrated Material flows and Energy 

systems), in order to provide a tool to assist decisions on systems with nested materials and 

energy flows. 

Seow and Rahimifard (2011) adopt an approach to model energy flows in a manufacturing 

system aiming at lean energy consumption. It utilizes the energy consumption data at ‘plant’ and 

‘process’ levels to provide a deeper analyses of the energy used during production. Wang et al. 

(2015) also aim at lean energy using a method to research the process of energy consumption in 

manufacturing/ remanufacturing systems, using simulation to test its accuracy. 

In Zhong et al. (2015), the authors intend to assist practitioners in selecting models to 

calculate energy consumption in metal cutting processes for a particular situation and purpose, 

with a method explained systematically in the article. Arigliano et al. (2014) propose a 

framework to help modeling and optimizing systems of energy production, storage and 

consumption. Lee and Prahbu (2015) propose an energy-aware feedback control model for 

production scheduling and capacity control. 

Moreover, researchers propose a few frameworks. Bonvoisin et al. (2013) propose to 

integrate an energy conservation framework already in the design of a new product, generating 

results as eco-design and cleaner production initiatives. Liu et al. (2013) come up with a 

framework to make the building design energy efficient, seeking to incorporate production 

scheduling to make manufacturing more energy efficient. Uluer et al. (2015) propose a 

framework for reducing energy use in manufacturing through three pillars: creating an energy 

profile of a process chain, energy-aware part designs and process plans based on ISO/STEP 

10303 AP224 standards. Vikhorev et al. (2013) present a framework for energy monitoring and 

management of each individual productive asset and related energy using processes in the 

factory.  

Gahm et al. (2016) develop a framework for energy efficiency scheduling (EES). Shrouf and 

Miragliotta (2015) present a framework for integration of Internet of Things technology with 
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energy-efficient production management practices. Salta et al. (2009) develop a framework 

based on physical energy efficiency indicators to measure energy use in different industrial 

sectors in Greece. Miah et al. (2015) present a framework that incorporates technological 

interventions for factories to evaluate heat integration opportunities including low grade and 

waste heat, aiming to improve energy efficiency.  

Soytas and Sari (2007) investigate through a multivariate framework the relationship 

between energy and production at industry level in Turkey. Ardehali and Smith (2007) create a 

framework for classifying Energy Efficiency Measures (EEM) based on their physical and 

inherent characteristics. Lee and Onisko (1994) discuss life-cycle cost analysis as a framework 

for highlighting differences between the economic criteria and perspectives of consumers and 

utilities to design energy-efficiency programs. 

There are other methods and approaches proposed to optimize the consumption of energy in 

industry. Yang et al. (2013a) propose a new facility planning approach for energy intensive 

companies. Yang et al. (2013b) utilize a multi attribute decision-making approach to solve the 

facility layout design problem considering both traditional layout criteria and energy relevant 

criteria. The article of Fysikopoulos et al. (2014) shows an approach to study manufacturing 

energy efficiency with a division of energy efficiency definition into four manufacturing levels: 

process, machine, production line, and factory. Zampou et al. (2014) propose a study in which 

information systems are energy-aware, and integrate data-capturing technologies, process based 

energy measurement and optimization of operations.  

Tristo et al. (2015) show a method for measuring the energy consumption of energy intensive 

micro manufacturing processes. Sivill et al. (2013) propose the development of an energy 

performance measurement in the energy intensive industrial sector. Raileanu et al. (2015) present 

an agent-based approach for measuring in real time energy consumption of resources in job-shop 

manufacturing processes in order to seek for easier and fastest ways to optimize energy 

consumption. Perrels (2008) explains in his article pros and cons of tradable white certificates to 

achieve energy efficiency. 

O’Driscoll et al. (2013) endorse that the manufacturing sector should focus on energy 

transparency being achieved by connecting an effective energy metering system to monitor and 

control the energy requirements of a manufacturing plant. With more energy visibility, it turns 

out to become easier to identify opportunities to improve energy efficiency. Jeon et al. (2014) 

seek a way to improve the energy efficiency of manufacturing plants using energy footprints of 

the plant. Aguirre et al. (2011) “present a methodology to measure relative industrial energy 

efficiency across plants within a manufacturing sector through the use of energy-production 

signatures (EPSs)”. 

The machining process is known for its need of a lot of energy to work. Taking this into 

account, a lot of researchers focus their work on finding ways of optimize these operations. In 

example, Yingjie (2014) gathers several articles studying energy efficiency models in machining 

processes, while Peng and Xu (2014) demonstrate frameworks that promote energy-efficient 

machining, focusing on models of four categories - theoretical, empirical, event based discrete, 

and hybrid models. Jia et al. (2014) propose a method to optimize the consumption of energy in 

machining processes through an energy-demand-modeling method utilizing the Therblig, one of 

the basic concepts of motion study, to represent the basic unit of energy. The authors continue 

their study in 2015, proposing a “method for machining activity extraction and energy attributes 

inheritance to support the intelligent energy estimation of machining processes” (Jia et al., 2015).  
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Newman et al. (2012) presents a framework to validate the introduction of energy 

consumption in the objectives of process planning for CNC machining. Zhang and Ge (2015) 

develop a new process planning strategy with energy efficiency consideration on a machining 

process, where the energy consumption of a machine is approximately estimated through 

calculation according to its material removal rate (MRR). 

Larek et al. (2011) describe an approach based on the discrete-event simulation to generate a 

workpiece-specific power consumption profiles and energy footprints in machining operations. 

Finally, Li et al. (2014) come up with a framework that analyses energy consumption 

characteristics in machining manufacturing systems from a holistic point of view, seeking a more 

energy efficient machines. 

Beyond the machining processes, researches proposed other kinds of technical improvements 

that could upgrade energy efficiency in industry, such as Schall and Hirzel (2012), who 

investigate the cost and effectiveness of thermal cooling systems for industrial companies and 

how these actions influence energy efficiency. Moura et al. (2013) present an overview on the 

main features of smart grids, a novel electric grid paradigm, to integrate energy efficiency on the 

enabler technologies. Ultimately, Cui and Goldsmith (2006) propose a cooperative multiple-

input multiple-output (MIMO) technique where multiple nodes within a cluster to reduce both 

energy consumption and delay. 

 

CONCLUSIONS 
 

Energy is becoming an asset increasingly scarce and expensive, and because of this, it is 

necessary to consider ways to use energy more efficiently. Considering this, the study focused on 

finding in literature frameworks, models and methods to apply energy efficiency in enterprises 

and industries. The methodology used was a systematic literature review.  

The contribution of the paper is to be an overview with several articles that can be used 

for later reference. The limitations of the study exist due to the exclusion criteria, which could 

cut out some good articles. Taking this into account, a suggestion for a future work is to expand 

this research, choosing articles not limited to the Scimago’s classification of journals. 
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