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Abstract

:

Improved energy efficiency is being considered as one of the significant challenges to mitigating climate change all over the world. While developed countries have already adopted energy management and auditing practices to improve energy efficiency, the developing countries lag far behind. There are a limited number of studies which have been conducted in the context of developing countries, which mostly revolve around highly energy-intensive sectors. This study looks into the existence and importance of the challenges to and motivating forces for the adoption of energy management practices in Bangladesh, a developing country, focusing on the non-energy-intensive manufacturing industries. Conducted as a multiple case study, the results indicate the existence of several barriers towards adopting and implementing the management of energy practices in the non-energy-intensive industries of Bangladesh, where among them, “other preferences for capital venture” and “inadequate capital expenditure” are the most dominant. This study also identified a number of driving forces that can accelerate the acceptance of energy efficiency practices, such as the demands from the owner, loans, subsidies, and a lowered cost–benefit ratio. Findings of this study could assist the concerned stakeholders to develop beneficial policies and a proper regulatory framework for the non-energy-intensive industries of developing countries like Bangladesh.
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1. Introduction


Bangladesh has shown promising stability, having a population of over 160 million with the increase of industrialization over the last 20 years [1,2]. The energy management practices to improve energy efficiency has become one of the primary concerns for the government (e.g., reducing CO2 in the atmosphere) and for private investors, in order to achieve maximum return on the capital invested [3]. As industrialization is at its peak, a developing country like Bangladesh is bound to conduct the necessary research for adequate energy management and improvement in energy efficiency to minimize the use of energy so as to decelerate the greatest environmental impacts originating from the use of energy [4].



The use of fossil fuel is one of the key contributors of global warming. Global warming has been playing a key role in implementing policy instruments which may increase the energy prices and demand for industrial energy efficiency [5,6]. Industrial energy efficiency deals with the prominent threat of the environment—that is, global warming [7,8]; hence, there is a modern-day need which researchers need to investigate. Studies have been carried out at several European Union (EU) countries for improved industrial energy efficiency, such an example being [9]. However, the gap in the implementation of energy efficiency practices in developing countries contributes significantly to the barriers [10]. Given the fact of a significant rise in price over the last decade, it is very difficult for a developing country like Bangladesh to have a sophisticated energy management enticement in the industrial sector [11].



The government has taken many steps to meet the country’s high electricity demand due to the distinct rise in numbers of industries, including having electricity imported from neighboring countries such as India, the establishment of several thermal power plants, and the expansion of renewable energy technologies, especially the solar home system. The total installed capacity of power plants as per the Bangladesh Power Development Board (BPDB) in April 2019 was 18675 MW, in which 52.88% is fueled by gas, 23.87% is fueled by HFO (Heavy Fuel Oil), 12.89% is covered by HSD (High Speed Diesel), 2.51% by coal, 1.3% by hydro power, and 6.55% by electricity imported from other countries [12]. In the years 2009–10, natural gas consumption by the industry sector was 16.9%, which dictated the industry sector being in the second position from the point of view of natural gas consumption [12]. The government’s fuel diversification program was one of many significant approaches taken so as to provide opportunities both for public and private investors to harvest more renewable energy approaches to meet the rising energy demands due to industrialization [12]. Several energy efficiency measures have been taken, such as the installation of reflective glasses where their reflective coating reflects light in commercial buildings for passive cooling, security lighting in municipal establishments powered by solar energy and installation of irrigation pumps powered by solar energy replacing diesel/electric pumps, installation of solar dryers instead of electric/gas dryers, and the installation of solar water heaters instead of electric/gas heaters among the consumers of distribution zones of BPDB [12]. Distribution zones of BPDB have also been established for smooth electricity distribution systems at different parts of the country. This reduces the cost of laterals, feeders, transmission equipment, and substations. In order to protect the environment, which is one of the primary concerns of energy efficiency, BPDB planning methodologies have been modified, giving principal consideration to the quantity of emitted stack gas and cooling water from thermal plants [12]. However, more energy efficiency and management studies are required to meet the growing industrial economy, where the growth can be visualized from the expected growth of the steel industry alone by 15% [11]. As there are more than 400 companies in the market providing different demands for non-energy-intensive and energy intensive industries, a proper study of energy efficiency is a prominent field of study in order to achieve a satisfactory return from the point of view of private investors and to protect the environment, provided that the energy demands have been met.



Increased efficiency of energy use in the industrial sector of Bangladesh will lead to significant cost savings, given the fact that there was a 1990 MW demand for electrical power by the industrial sector, which is approximately 40% of the total electricity consumed in that year [13]. Private sectors dominate the investments in industrial technology [14]. Due to inadequate policies and effective pricing, the country’s energy sector has been facing difficulties in attracting private investments [15]. In this study, companies with energy costs that are lower than 2% of the turnover are considered non-energy-intensive industries.



The aim of this paper is to study the hurdles and motivations (often considered as “barriers” and “driving forces”) for efficient energy management practices in the non-energy-intensive industries of Bangladesh in the manufacturing sector. The goal of this study leads to the following research questions:

	
Drivers for implementing energy efficiency practices in low-energy-using industries of Bangladesh.



	
Major barriers for implementing energy management measures.



	
Energy efficiency potential in low-energy-intensive industries of Bangladesh.



	
Existing long-term energy management strategies.








Similar studies had been made for Sweden, Ghana, and a number of European industries [5,9,10,16]. However, there are a limited number of studies which have been conducted in the context of developing countries like Bangladesh. Energy efficiency in Bangladesh industries is an unexplored area, particularly within the non-energy-intensive industry area, where studies about the barriers and drivers of energy efficiency measures are scarce. This paper will summon the exploration of the presence of various challenges towards energy efficiency practices in the low-energy-intensive industries in Bangladesh, and the implication of these barriers. Investigations of barriers to and drivers for energy efficiency are absolutely critical in recognizing the instruments of how energy management practices are embraced. This study represents barriers to and drivers for implementing energy management practices in the non-energy-intensive industrial sector in Bangladesh.



The formation of the remaining part of this paper is as follows: Section 2 presents information about the energy management system, the methodology section is discussed in Section 3, the findings of this study are presented in Section 4, and Section 5 incorporates the discussion of this study.




2. Energy Management System


The energy management system is the process of adopting some productive strategies to triumph over the hurdles to energy efficiency [17,18,19]. Energy management systems have the potential to save up to 40% of total energy [11,20]. It is the procedure of observing, directing, and preserving energy in a building, organization, or distribution system [21]. It incorporates the process of selecting from a set of sources that are able to generate energy which will deliver energy to a set of loads by reducing losses and costs [9,22]. In the last 20 years, its importance has been increased in industries as a support function [22,23]. It is required to address the modifications that are mandatory for electrical utilities to improve infrastructures and functions to surpass imminent challenges. These modifications include enhanced situational consciousness and visualizations, reliability, network automation, and security [24]. The foremost step of strategic energy management is to set out how energy will be managed by the organization. This includes an initial plan of action of the tasks, which involves understanding the organization’s present situation and establishing the management framework [25]. After establishment of the framework, the detection and execution of energy efficient schemes should be addressed [26]. Without active participation from the top management, an energy plan or energy strategy may be designed and launched in vain. Top management support is crucial for the successful deployment of the plan, as well as the benefits and costs associated with implementing it.



Patronage from the upper management for an internal program of energy management is also pivotal [9]. One next stage could be the implementation of things such as an Energy Management System (EMS), Supervisory Control And Data Acquisition (SCADA), the generation management system (GMS), and a distribution management system (DMS), which is required for supervising, controlling, managing, generating, and distributing energy [22]. These systems employ the collection of data and storing them in order to analyze hundreds of thousands of data points in networks, and then modeling and simulating the data in the networks. After that, one aims to pinpoint faults and to pre-empt outages, and to finally possess in trading markets [27,28]. Any type of attack, such as intrusion, alteration, falsification of data, and interruption of communication may hamper the automation of energy management. To ensure the security of the automation system and technological infrastructure, general security goals that could be identified may differ [29,30].




3. Energy Efficiency Programs in Bangladesh


The Sustainable and Renewable Energy Development Authority (SREDA), a government organization of Bangladesh, has been the main stakeholder, along with several Non-Government Organizations (NGOs) to implement energy-efficiency-related programs at the industrial sector of Bangladesh [31]. The organizations have initiated several schemes, such as energy management, energy efficiency standard setting and labelling, and financial incentives. at the industries. The main features of the energy management scheme by SREDA are ensuring that there is a dedicated energy manager and that an energy audit is periodically done at the industries [32]. However, the focus of energy management programs has mainly been on energy intensive industries (e.g., textiles, steel, pharmaceuticals) [32]. Figure 1 represents the initiatives taken by SREDA to implement energy efficient technologies at the industries.



Energy related issues are acquainted mainly by national policy papers [33,34]. Electrical energy generation has been the key feature at the energy policies of Bangladesh. The “National Energy Policy, 2005”, “The National Sustainable Development Strategy, 2013”, and “Intended Nationally Determined Contributions, 2015” emphasized energy generation guidelines and plans. The “Energy Efficiency and Conservation Master Plan up to 2030” is one of the recent policies that incorporates mainly energy efficiency-related issues. The key feature of this policy is the implementation of Demand Side Management (DSM), maintaining proper pricing schemes. In addition, financial incentives, preferential taxation, and subsidies are proposed in this policy; however, it is yet to be approved by the Government of Bangladesh.




4. Methodology


The aim of this study was to contribute to an overall improvement in the energy management research field by investigating the present practices of energy management in low energy-intensive industries at Bangladesh, considering the fact that the previous works that covered industrial implementation of energy efficiency is limited in South Asia. Moreover, the investigation in Bangladesh has been incorporated to shed light on adopting cost-effective energy efficient technologies. The research uses a case study approach, considering its nature [35,36]. Semi-structured interview questions were used for data collection. Similar types of questionnaires were used previously for the low energy-intensive industries in Sweden [5]. The questionnaire used in the study is attached as a supplementary file.



In this study, the selection of the industries was on a random basis, based on the registered list of small and medium-sized industries in Bangladesh [37]. Initial communications were done over the phone, and possible interview times were scheduled. After getting the approval from the respondent’s end, the questionnaire was sent to them electronically. All the respondents held the position of being responsible for the energy-related issues in their companies, and were ranked as “Factory Manager”. The respondents had more than ten years of experience in their relevant field. As the data was collected through a set of questions, it hence provided a general perception of the person being interviewed on behalf of the industry concerned. The validity of the perception of the respondents is significant, considering their extensive experience in the relevant field. At a later phase, the data was cross-checked over the phone again.



A summary is presented in Table 1 about the data collection method of the study.



Closed-format questions were asked, except the energy-efficiency potential segment in this study. The company profile was asked at the beginning, which included turnover, energy use, and workforce. The authors collected the data from eight types of industries, and the number of total participating industries were 35 in this study. Primary data was collected in Fall 2018, and more results were incorporated at a later phase. A summary of the studied industries is presented in Table 2.



The questionnaire covers barriers and drivers towards energy efficiency and its potential in regard to energy management and energy service companies. The first section of the questionnaire focused on technological matters, challenges in terms of finance and the market, as well as managerial and human factors. The drivers towards energy efficiency are emphasized in the second section of the questionnaire. The latter part was concerned with the efficiency potentiality of the industries. The “energy management” section was concerned with policy-related issues, the institution and its information systems, consciousness, and investment-feasible technologies. The last section was comprised of energy service companies. In this study, participants ranked the barriers and drivers (based on their perception) on a Likert scale, “1” being “Not important at all” to “5” being “Very important”. The cumulative findings of this study were adjusted in the latter phase of this study. However, as only the arithmetic figures were considered of the responses, perception differences were not included in the study.




5. Results


5.1. Barriers to Energy Efficiency


Our study found that the significant barriers to energy efficiency in non-energy-intensive industries of Bangladesh were “Inadequate capital expenditure”, followed by “Other preferences for capital venture”. Six manufacturing industries identified these as the most significant barriers. “Time limitation or other significant work”, “Inadequate support from preeminent administration”, “Unpredictability nature of energy parameters (prices, slow rate of return)”, and “Inadequate financial policy” were chosen by five out of eight manufacturing industries that participated. The other significant drivers identified were “Inadequate financial incentives”, “Inadequate technical experts”, “Insufficient attention from government”, “Lack of staff consciousness”, “Inadequate information about allotment of energy expenditure”, “Ambiguity about latent costs”, “Inadequate technical cost-effective measures”, and “Inadequate information about energy efficiency options”. The less significant barriers identified from this study were “Complication in inter-divisional collaboration”, “Limited influence on energy management”, and “Complex syndical issues”, which were marked by four respondents as important. Figure 2 represents the elaborated outcomes of the study.




5.2. Drivers to Energy Efficiency


“Owner’s requirement” was perceived as the highest ranked driver for energy efficiency. Besides this, the other prominent drivers were “Expense minimization due to lower energy consumption”, followed by “Assurance from preeminent management” and “Risk of high energy prices in future”. However, “Favorable loans for efficient energy financing” and “Agreements with tax dispensation” were also identified as important drivers, followed by “Rules and regulations”. The lowest ranked drivers were “Certification in sustainable system”, “Organizational involvement in information and support”, and “Acquaintances within the energy sector”. Figure 3 presents the visual outcomes of the study.




5.3. Energy Efficiency Potential


In this study, the participants were asked about the energy efficiency potentials. The first question was about the overall energy reduction of energy use, considering the cost-effective energy-efficient technologies which were available. The study divulged that 2–3% of energy could be salvaged with present technical options. Afterwards, the respondents were asked about the improvements in energy efficiency through energy management practices. Energy usage could be optimized by 3–4% according to a majority of the respondents through energy management measures. The participants were given a set of questionnaires considering a framework to assess alternatives for augmented performances in energy efficiency. All the participants gave an apical score in this inquiry. In addition, the participants recommended considering a framework point of view to assess, where the alternatives for energy efficiency were censorious.




5.4. Energy Management


Organization, policy, information system, awareness, and investment were the five classifications taken into account while evaluating the energy management measure matrix [24,26]. The considered categories are acquainted with other means of energy management practices. Figure 4 presents the energy management practices at low energy-intensive industries of Bangladesh. It is observed that there is an extensive potential for changes in each classification of the energy management matrix. The factors to improve were “Investment”, “Policy”, “Awareness”, and “Information system”. The stakeholders concerned should be taught about energy management practices considering sustainability and production.




5.5. Energy Service Companies (ESCOs)


The academic literature has significantly proposed energy services as a promising instrument used to conquer the challenges for energy efficiency in non-energy-intensive organizations [38,39]. Consultation with ESCOs is a route for industries to outsource parts or most of the energy management practices [40]. ESCOs have the advantage of utilizing organizational insights on different occasions related to energy [38,41]. This study found that the concept of an energy service company was novel to low energy-intensive industries of Bangladesh, though energy service company are considered as a substantial actor in terms of sustainability, as well as energy efficiency. As the concerned stakeholders of the industries studied were not acquainted with the idea of ESCO, they tended to utilize their internal experts only. Therefore, the market for energy service companies for the country’s low energy-intensive industries has been devoid till now. The barriers to taking services from ESCOs were studied in this study. The study found that “Insufficient information regarding ESCO” was the most significant barrier, followed by “Inadequate stakeholders” and “Shortage of trained professionals in energy management”. The elaborated outcomes of the subjects on various barriers are represented in Figure 5.





6. Discussion


The results depict that the most significant barriers to energy efficiency in non-energy-intensive manufacturing companies in Bangladesh were “Inadequate capital expenditure” and “Other preferences for capital venture”, followed by “Time limitation or other significant work”, “Inadequate support from preeminent administration”, “Unpredictability nature of energy parameters (prices, slow rate of return)”, and “Inadequate financial policy”. Relating our findings to low energy-intensive industries in Sweden, the top rated barriers to energy efficiency were “cost of production disruption or hassle”, “inadequate time or other prioritized work”, “information acquiring cost related to energy consumption of purchased equipment”, and “technical risk due to deviation from usual technology” [5]. Relating to our findings, the most significant barriers to small and medium-sized enterprises (SMEs) in Australia are generally financial based, including the fact of staff engagement at energy management schemes and alternative options for capital investment [42]. “Lack of information about energy efficient measures”, “Lack of time to analyse energy efficiency potentials”, “Other investment priorities”, “Risk of varying energy costs in future”, and “Split incentives” are the most prominent barriers to energy efficiency for non-intensive firms in Germany [38].



Although a good amount of research has been done on barriers to energy efficiency, little research has been done on driving forces to overcoming these barriers [43]. Groot et al. first contributed to finding drivers by analysing Dutch manufacturing enterprises, through which he identified minimization of expenditure due to lower energy use and financial subsidies as the top-ranked driving forces for energy efficiency [44]. Another study conducted by Cagno et al. identified “long-term energy strategy”, “clarity of information”, and “cost reduction from lower energy use” as significant drivers [16,45]. According to our study, the most powerful drivers for energy efficiency on low energy-intensive manufacturing companies in Bangladesh were “Owner’s requirement”. “Expense minimization due to lower energy consumption”, “Assurance from preeminent management”, “Risk of high energy prices in future”, “Favorable loans for efficient energy financing”, and “Agreements with tax dispensation” as the significant driving forces for efficient energy management in Bangladesh. “Long-term strategic plan”, “Increasing energy prices”, “People with real ambitions”, and “People’s authority to influence in investment decisions” were considered the major driving forces for energy efficiency in Sweden [5], although, in Bangladesh, these drivers have less of a significant effect as per the response of the respondent. In Australia, the most motivating factor or drivers were financial interest, such as reduced energy costs, potential access funding, and reducing Economic Regulation Authority (EAR) fees. Around 89% of respondents thought that financial interest was the most dominant driver for energy efficiency in low-intensive companies in Australia [42]. A similar study in Italy showed that “Allowance or public financing”, “External pressures”, “Long term benefits”, and “Access to energy efficiency experts” were considered as the most perceived drivers in low-intensive manufacturing companies [46].



Based on the result of our study, our recommendation for the policy makers of Bangladesh would be to invest in research and development at the industrial energy efficiency sector. In addition, the inclusion of medium and small-sized industrial sectors should be done in the industrial energy efficiency scheme by SREDA, as the focus has been on large industries only. The outcomes of this study could be the benchmark for fine-tuning a customized policy for different industrial sectors of Bangladesh. This research is a bit of an expansive riddle with regard to industrial energy efficiency in Bangladesh.




7. Conclusions


Despite significant potential, the energy management and energy efficiency practices in Bangladesh have remained an unexplored territory for quite a long period of time. Although high energy-intensive industries showed much interest in embracing the right practice, no significant studies were conducted to deal with similar problems in the context of small-scale low energy-intensive industries. A lack of adequate policies and effective pricing, as well as difficulties in attracting private investments remain in energy efficiency practices for both high and low energy-intensive industries. The goal of the study was to explore the challenges and motivations for energy management practices in the industries that are not energy intensive. The study discovered that none of the participating non-energy-intensive manufacturing industries were in affiliation with any ESCOs, and things such as lack of awareness hindered the progress toward energy efficiency. Thus, there seems to be a hidden business opportunity for ESCOs in Bangladesh, which most likely also holds for other developing countries. Future research on energy services in developing countries may thus be a great topic of interest to researchers in Bangladesh, as well as in other developing countries.



Being mostly short-term profit-oriented, it was found that low energy-intensive industries are not entirely aware of the concepts of energy management and energy efficiency. This study identified their “Inadequate capital expenditure” and “Other preferences for capital venture” were the most critical barriers. Furthermore, several risk factors due to future uncertainty, lack of financial policies, and insufficient support from top management were a few of the significant barriers towards energy management practices. Finding an optimized cost–benefit ratio may vary among industries, and such optimization demands further research. Outcomes of such studies could be practically beneficial and convince stakeholders to find and adopt the best practices for low energy-intensive industries.



In such case, the owners of non-energy-intensive industries could act as a primary driving force for energy efficiency. Attracting investments as beneficial loans, proper regulations, long-term tax exemptions are other significant driving forces that have also been identified in this study, where the government can play a pivotal role. Furthermore, the increased cost of energy and lowered tariff for lower energy use could accelerate the process of adoption. Pressure and subsidies from the government or from a third party for energy audits are also noteworthy driving forces for energy management practices in non-energy-intensive industries.



Respondents in the low-energy intensive sector strongly believe that energy management practices for efficiency should be implemented under a common framework of an energy efficiency policy. The stakeholders also believe that significant investment and fruitful policies from authorities for both implementation and awareness related to energy efficiency are required for sustainability and relevant environmental considerations. Governmental subsidies to overcome the lack of experts could significantly facilitate the journey towards energy efficiency.
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Figure 1. Energy efficiency programs/initiatives taken by the Sustainable and Renewable Energy Development Authority (SREDA), Bangladesh [32]. 
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Figure 2. The perceived barriers to energy efficiency by the respondents. 
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Figure 3. The perceived drivers for energy efficiency by the respondents. 
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Figure 4. Assessment of energy matrix in non-intensive energy industries of Bangladesh. 
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Figure 5. Challenges towards consulting Energy Service Companies (ESCOs) by the respondents. 
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Table 1. Summary of the data collection method.
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	Topic
	Comment



	Number of industries questionnaire was sent to
	35



	Number of respondents
	8



	Rate of response
	23%



	Type of companies
	8



	Total questions in the questionnaire
	64



	Interviewee selection criterion
	Person mainly responsible for energy-related issues



	Designation of the respondents
	Factory manager



	Interview
	Questionnaire was sent electronically to the respondents, and results were validated in the later phase
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Table 2. Overview of the studied industries.
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	Industry
	1
	2
	3
	4
	5
	6
	7
	8



	Pay-back criteria (year)
	2
	1
	2
	3
	3
	1
	3
	4



	Facilities are outsourced?
	No
	No
	Yes
	No
	No
	No
	No
	No



	Energy Service Companies (ESCOs)
	No
	No
	No
	No
	No
	No
	No
	No



	Type of industry
	Printing
	Candles
	Bakery
	Pen
	Batteries
	Furniture
	Trucks
	Transformer
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