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1 Introduction 

Bangladesh is primarily an agrarian economy.  Agriculture is the single largest producing sec-

tor contributing about 18.6% to GDP (November, 2010) and employing around 45% of the 

total labor force.  The performance of this sector, therefore, has an overwhelming impact on 

major macroeconomic objectives of employment generation, poverty alleviation, human re-

sources development and food security. 

Despite the quite impressive growth in agricultural production during the last decades, signif-

icant obstacles and barriers continue to stand in the way of their optimal growth.  This can be 

seen from the case of potato production. According to Katalyst, the supply of potatoes far out-

strips domestic demand. However, every year, large quantities of output are spoilt because of 

the lack of storage facilities. In just 2007-8, almost 1.5 million tons went to waste. This is the 

case with vegetables and fruits too. Substantial quantities of output are spoilt, thrown away 

and/or sold at below their production cost because of the lack of preservation capacity. This 

situation points to the conclusion that it will indeed be difficult to sustain growth of high-

value and labor-intensive crops unless (a) investments are made in processing and storage 

facilities to stagger their supply potential throughout the year to match demand which remains 

more or less stable across seasons and (b) exploiting international markets for the surplus re-

maining after domestic consumption. Katalyst suggests that potato production suffers from a 

boom-bust cycle because of the volatility in prices leading to large year-to-year fluctuations in 

production. They note that the lack of access to storage systems and services such as storage, 

packaging and transportation is a major constraint in the production of larger quantities of 

potatoes, vegetables and fruits. Bangladesh, it is reported, had storage facility for only 2.1m 

MT of potatoes in 2008.  According to available information, storage capacity has not in-

creased much since then.  

The lack of ability of farmers to sell their produce at cost-recovery prices has had a particular-

ly perverse impact on the integrity of the food supply chain. Small and marginal farmers are 

often denied fair prices during harvesting season as they are forced to sell their products to 

profiteering middlemen, who stockpile and sell those at much higher prices later. These mid-

dle men often resort to spraying/injecting chemicals to increase the shelf life of the products 

in ways that are injurious to human health and safety.  Availability of low cost storage facili-

ties could help farmers to keep their produce fresh and safe, eliminating the use of formalin 

and other poisonous substances from the food chain. Multiple independent studies point to 

serious infrastructure and logistic problems in the agriculture sector which have led to the 

widespread and unbridled contamination of food supplies. These include the lack of cold stor-

age and transport facilities, premature harvesting, profit mongering by businesses and the 

absence of a licensing and monitoring authority. John Ryder, chief technical adviser of the 

Food and Agriculture Organization (FAO) in Dhaka stated recently that “the most effective 
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way of preserving and keeping food items fresh after harvest is to store those in suitable tem-

peratures”.  

1.1 Background and Context 

In recent years, increases in electricity costs and unreliable supplies from the grid in Bangla-

desh have had severe impacts on the cold storage industry. The industry, in fact, has been in a 

moribund state for decades with little or no investments in capacity expansion even though 

demand for such services has been rising continuously with agricultural output. Electricity-

run vapor compression refrigeration systems dominate cold storage plants in Bangladesh. The 

low initial cost, the reliability and easy-to-use mechanics of the systems and their availability 

in the widest range of sizes have all contributed to make these systems exceptionally popular. 

The vast majority of chillers around the world also use electric vapor compression systems. 

The three most common types are centrifugal, reciprocating and screw compressors. Most of 

the compressors used in Bangladesh are of the reciprocating type.  The downside of the tech-

nology lies in its use of electricity which in unreliable supply or high cost situations renders it 

unattractive. In Bangladesh where the quality of grid electricity has been, until recently, ex-

ceptionally poor, cold storage plants have been forced to rely on standby diesel generators. 

This has added considerable cost to plant operations especially during the long summer 

months when demand on the grid is usually high.  Usually, power outages become more fre-

quent during summer months when cold stores also need to run at higher loads. There is, 

therefore, a felt need for low cost electricity which, given recent trends, seems unlikely espe-

cially from conventional sources. One way out of this dilemma would be cogeneration, a 

method of generating electricity on-site and utilizing the waste heat as a secondary energy 

resource to produce vapor absorption refrigeration, for instance. Like most solutions, this ap-

proach while being an elegant solution is also beset with many barriers, the most important 

being the need, to find the right amount of heat from the back-end exhaust of generators. An-

other solution would be to locate cold stores near or close to waste heat sources, tap into it 

and use it in vapour absorption chillers to produce refrigerants.  This study was initiated to 

critically analyze the potential of such technology applications in Bangladesh.    

Bangladesh to date has relied on cheap electricity generated by extremely low cost domestic 

natural gas, almost 70 percent of its power generation relied on and continues to rely on natu-

ral gas. However, with little or no new discoveries of natural gas during the last decades, the 

need to import expensive primary energy has been growing alarmingly every year. This has 

led to a challenging situation: the need for large amounts of low cost power to maintain the 

comparative advantage of its exports, the higher cost of imported energy and the need for sus-

tainability. Demand will be particularly intense for electricity in the coming years. Energy 

usage is expected to rise from a low of 4,000 MWs being produced in the early 2000s to a 

high of more than 35,000 MW by 2030, greater than a sevenfold increase.  When seen from 
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the point of view of reconciling future energy needs with reducing environmental risk, the 

need for an integrated set of solutions becomes all the more necessary. The solutions include: 

 Accelerating energy efficiency, which tempers demand, reduces energy intensi-

ty and saves emissions; 

 Expanding all economic energy sources, including oil, natural gas and coal; 

 Mitigating emissions through the use of new technologies and cleaner-burning 

fuels such as natural gas, nuclear and the application of renewable energies. 

 

This multidimensional approach will need billions of dollars in investment, and an unwaver-

ing commitment to innovation and technology that evolves over years and decades. It will 

require sound, stable government policies that enable access to resources and encourage long-

term investments and technological development.  

1.2 Scope and Objectives 

The proposed Technical Assistance Project has been designed to “explore opportunities for 

energy efficiency improvements in the power as well as the cold storage sector in Bangla-

desh”. The purpose of the project is to invigorate it with a new technology that will not only 

sustain it economically but also help it to grow more rapidly in the future. The project is ex-

pected to achieve a number of development goals, the most important being: 

1. The sustainable use of energy; 

2. Strengthening of rural markets; 

3. Improving farm incomes; and  

4. Ensuring the integrity and safety of the food supply chain. 

The project objectives are to: 

1. Identify and describe the state-of-the-arts technology options that can replace conven-

tional cold storage technology; 

2. Identify sources of waste heat from power plants and assess the possibility of utilizing 

the waste heat to power refrigeration systems to achieve energy efficiency in cold 

storage plants;   

3. Identify and develop a list of potential sites where cold storage plants based on waste 

heat can be set up in the future;  

4. Develop a detailed financial feasibility report for a potential demonstration plant; and 

5.  Ensure coherence of the proposed project with relevant National Policies. 

http://www.cs.stir.ac.uk/~kjt/research/conformed.html
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1.3 Structure and contents of this report 

This report is providing the findings of the consultancy services as commissioned by GIZ un-

der their Sustainable Energy for Development (SED) program. In Chapter 2 the policy 

context analysis is summarized, providing insights into the government goals on energy while 

highlighting some obstacles that shall be overcome to meet the objectives. Chapter 3 and 

Chapter 4 give an introduction to fruit and vegetable preservation techniques and technolo-

gies and an overview of recent trends in fruit and vegetable production. Chapter 5 is offering 

a general idea of the cold store situation in the country, including typical costing structures 

and the cold storages regional distribution. Chapter 6 and Chapter 7 introduce suitable waste 

heat recovery and absorption Chiller technology respectively. Chapter 9 outlines the ap-

proach taken to assess the usable waste heat potential from power plants and Chapter 10 is 

discussing how the waste heat data was collected, concluding a summary of the waste heat 

potential assessment. Chapter 11 through Chapter 12 is showing the considerations and re-

sults of the cold store feasibility study, including financial feasibility of a pilot plant. Chapter 

13 briefly describes the experiments carried out at Tianjin University of Science and Technol-

ogy on which basis the feasibility was prepared; the results show the feasibility of waste heat 

utilization in absorption refrigeration. Chapter 14 is providing the conclusions and proposed 

way forward, including the discussions of the final stakeholder workshop and the Honourable 

Towfiq-e-Elahi Chowdhury, Prime Minister’s Advisor – Power, Energy & Mineral Resources’ 

suggestions on how to continue the work on this project.  
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2 Policy Context Analysis 

Bangladesh currently has a population approaching 165 million and will add, unless fertility 

can soon drop below replacement level another 100 million before stabilizing, according to 

the ICDDRB, In addition to the consequence of huge population size, the density of popula-

tion is already five times that of any other ‘mega’ country (>100 million), posing a very 

challenging situation for an agricultural society. Most of the future growth will be urban, per-

haps, increasingly in slums. ICDDRB, projects that in the long run “Bangladesh will 

essentially become a city state”.  The high population density in Bangladesh means that agri-

cultural land will become increasingly saturated, limiting the capacity to expand food 

production. According to government figures productive land is reducing at 1 per cent per 

annum. Climate change which may affect weather patterns may also have dramatic impacts 

on agriculture, increasing flooding in some areas and droughts in others, and potential geopo-

litical changes brought on by upper riparian needs and their effect on trans-border rivers. 

Rising sea-levels and consequent salinity will also affect crops and require shifts to alternative 

land use. Serious long-term energy planning is needed for meeting the growing needs of the 

population, from a productive and consumption point of view. 

Clearly, it will be necessary to shift away from the high dependence on agriculture if the 

economy is “to provide the required reduction in unemployment and poverty and to improve 

people’s living standards” (the Perspective Plan 2010-2021).  The Plan projects the need to 

grow at 8% from 2015 and at 10 per cent from and after 2021. Whether these targets can be 

realized will depend on a whole host of decision-making variables including but not limited to 

the creation of an enabling energy supply environment. Central to creating such an enabling 

environment though is the attainment of energy security and energy supply.  The Plan states 

that it aims “to develop an integrated and developed energy sector with a diversified fuel mix 

that will be the key driver of a sustainable local and national economy”.  Presumably, the term 

diversified fuel mix is intended to convey the shift away from the existing single fuel energy 

framework of Bangladesh to a multi mix one that would include not only just carbon based 

fuels but others such as renewable sources and energy efficiency.  This need for diversifica-

tion led to the development of SREDA. 

2.1 Energy Efficiency and Cogeneration 

The SREDA Act embodies an important recognition that energy efficiency defined as "using 

less energy to provide the same service" is another way to produce energy.  According to a 

SREDA “it is by far the most effective way concurrently to improve security of energy sup-

ply, reduce carbon emissions, foster competitiveness and stimulate the development of a large 

leading-edge market for energy efficient technologies and products. Most energy efficiency 

measures deal with end-use efficiency.  Very few deal with cogeneration. Cogeneration is a 
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system of commercially available technologies that decrease total fuel consumption and relat-

ed GHG emissions by generating both electricity and useful heat from the same fuel input. 

Cogeneration is often called combined heat and power (CHP), since most cogeneration sys-

tems are used to supply electricity and useful heat. However, the heat energy from electricity 

production can also be used for cooling and other non-heating purposes, so the term “cogen-

eration” is more inclusive. Cogeneration is a form of local or distributed generation as heat 

and power production take place at or near the point of consumption. For the same output of 

useful energy, cogeneration uses far less fuel than does traditional separate heat and power 

production, which means lower greenhouse gas (GHG) emissions as fossil fuel use is reduced.   

While the greatest potential for increasing cogeneration is in the industrial sector, the technol-

ogy is also increasingly available for smaller-scale applications in residential and commercial 

facilities. Cogeneration systems appeal to business operations requiring a continuous supply 

of reliable power such as data centers, hospitals, universities, and industrial operations.  Dis-

trict heating and cooling (DHC) in cities and large institutions is one established use of 

cogeneration (and one widely employed in Europe) in the residential and commercial sectors. 

District heating can meet low and medium temperature heat demands, such as space heating 

and hot tap water preparation, by using waste heat from electricity generation to heat water 

that is transported through insulated pipes. District cooling takes advantage of natural cooling 

from deep water resources as well as the use of waste heat to cool water via absorption chill-

ers. About 85 of urban utilities and 330 campuses in the United States use district energy to 

reduce costs and GHG emissions, increase efficiency, and improve reliability.      

2.2 Description of Cogeneration 

Separate heat and power (SHP) refers to the widespread practice of centrally generating elec-

tricity at large-scale power plants and separately generating useful heat onsite for applications 

such as industrial processes or space and water heating. SHP leads to energy losses in both 

processes. In the United States, conventional coal and natural gas power plants are, on aver-

age, 33 and 41 percent efficient, respectively, in converting the energy in their fuel into 

electricity; although, the efficiency rates vary by technology with new natural gas combined 

cycle plants capable of greater than 50 percent efficiency. Typical SHP has a combined effi-

ciency of about 45 percent while cogeneration systems that combine the power and heat 

generation processes (CHP) can be up to 80 percent efficient. Because cogeneration takes 

place on-site or close to the facility it also results in less energy lost during the transmission 

and distribution process (usually about 9 percent of net electricity generation)    

Cogeneration systems can be powered by a variety of fuels, including natural gas, coal, oil, 

and alternative fuels such as biomass. In recent years, natural gas has been the predominant 

fuel for CHP systems, but biomass and ”opportunity fuels” (i.e., wastes or by-products from 

industrial processes, agriculture, or commercial activities) are expected to gain a larger share 

with growing environmental and energy security concerns.  Some cogeneration technologies 
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can operate with multiple fuel types, making the system less vulnerable to fuel availability 

and volatile commodity prices.     

Cogeneration is appropriate in situations where a facility has a continuous demand for heating 

or cooling as well as demand for electrical or mechanical power. Cogeneration systems can 

provide electricity or mechanical power (e.g., for driving rotating equipment like compres-

sors, pumps, and fans) and heat energy that can be used for: steam or hot water; process 

heating, cooling and refrigeration; and dehumidification. 

2.3 Obstacles to Further Development or Deployment of Cogeneration 

 Capital Constraints 

Cogeneration systems require large capital investments. Firms may not be willing to make 

such investments even with the possibility of good returns. In addition, there can be costs as-

sociated with manufacturing downtime and siting and permitting issues. 

 Utility Interconnection  

The economic viability of cogeneration systems depends on their ability to safely, reliably, 

and economically interconnect with the existing grid. Interconnection standards, including 

technical specifications as well as application processes and fees need to be mandated 

 Environmental Permitting Regulations  

By generating both electricity and heat onsite, cogeneration can increase a facility’s onsite air 

emissions even as it reduces total emissions associated with the facilities heat and electricity 

consumption. Current environmental permitting regulations do not always recognize this 

overall emissions reduction benefit. 

2.4 Policy Options to Help Promote Cogeneration 

 Renewable Portfolio and Energy Efficiency Resource Standards  

Renewable Portfolio Standards and Energy Efficiency Standards require that energy providers 

meet a specific portion of their electricity demand through renewable energy and/or energy 

efficiency measures. Such policies specify eligible energy sources and technologies that count 

towards the requirements. Cogeneration must be allowed to count toward renewa-

ble/alternative energy and efficiency standards.  

 Financial Incentives for Cogeneration 

Utilities may be allowed to charge regulated prices for their waste heat to help offset the up-

front capital cost of investments for cogeneration.  Other fiscal incentives may include tax 

rebates, and accelerated depreciation. 

 Interconnection Standards 
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Establish best practices in cogeneration interconnection with industries willing to relocate to 

the vicinity to take advantage of the “new” energy resource. Complex issues arising from KPI 

considerations need to be revisited, simplified and standardized.  

 Environmental Permitting 

In cases where CHP cogeneration systems increase onsite air emissions (by using more fuel 

onsite to generate both electricity and heat) while also decreasing net air emissions by having 

higher efficiency (and thus less total fuel use) should be permissible than separate heat and 

power generation. 

 Research, Development, and Demonstration (RD&D) 

Continued and increased funding for programs that would support RD&D for cogeneration 

technologies to improve reliability and efficiency and reduce costs.  

 Technical Assistance for Potential Cogeneration Users 

Many companies (especially small and medium-sized businesses) that would benefit from 

cogeneration systems are not aware of their financial or technical options. Expanding pro-

grams that work with companies would help promote cogeneration and efficiency. 

2.5 Conclusion 

The SREDA vision statement sets the following targets to enable realization of the goal of 

energy security from efficiency programs: 

- 10% of primary and secondary energy saving by 2015 

- 15% by the 2021 and 

-20% by2030 

CHP and SHP programs could help achieve these targets quickly and efficiently.   
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3 Preservation of fruit and vegetables 

3.1 Storage of Raw Fruits and Vegetables 

It is well-known that some bacteria are responsible for degradation of food and enzymatic 

processing cause ripening of the fruits and vegetables. The growth of bacteria and the rate of 

enzymatic processes are reduced at low temperature. This helps in reducing the spoilage and 

improving the shelf life of the food. Table 2 shows useful storage life of some plant and ani-

mal tissues at various temperatures. It can be seen that the storage temperature affects the 

useful storage life significantly. In general the storage life of most of the food products de-

pends upon water activity, which essentially depends upon the presence of water in liquid 

form in the food product and its temperature. Hence, it is possible to preserve various food 

products for much longer periods under frozen conditions. 

In this particular project, the use of waste heat to power lithium bromide absorption refrigera-

tion technology and equipment is proposed, which can achieve cooling temperatures of 8-10 

°C. Thus an approach is developed to propose preservation technology that can fit that re-

quirement. This include a versatile plastic wrap and matching green chemistry preservatives 

in compliance with United Nations FAO recommended standards, to developed a full supply 

chain technology control and cooling control technology procedure, for fruit and vegetable 

preservation temperatures at 8-10°C. The particular aim is to provide a comprehensive new 

technology system to develop a potato storage facility for periods up 6-8 months at subopti-

mal storage temperatures of  8-10°C. Such technology is deemed suitable for developing 

countries such as Bangladesh, China, India and Pakistan.  

Table 1: Effect of storage temperature on useful storage life of food products 

Item Average useful storage life (days) 

Food Product 0°C 9°C 22°C 38°C 

Meat  6-10  2-4 1  < 1  

Fish  2-7  2-3 1  < 1  

Poultry  5-18  2-8 1  < 1  

Dry meats and fish  > 1000  > 1000 > 350 & < 1000  > 100 & < 350  

Fruits  2 - 180  2-120 1 – 20  1 – 7  

Dry fruits  > 1000  > 1000 > 350 & < 1000  > 100 & < 350  

Leafy vegetables  3 - 20  2-10 1 – 7  1 – 3  

Root crops  90 - 300  50-240 7 – 50  2 – 20  

Dry seeds  > 1000  > 1000 > 350 & < 1000  > 100 & < 350  

 

In case of fruits and vegetables, the use of refrigeration starts right after harvesting to remove 

the post-harvest heat, transport in refrigerated transport to the cold storage or the processing 
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plant. A part of it may be stored in cold storage to maintain its sensory qualities and a part 

may be distributed to retail shops, where again refrigeration is used for short time storage.  

The cold chain has proved to be very effective in reducing spoilage of food and in food 

preservation. It is estimated that in neighboring India, the post-harvest loss due to inadequate 

cold storage facilities is high as 30 percent of the total output. The quality of remaining 70 

percent is also affected by inadequate cold chain facilities. This shows the importance of 

proper refrigeration facilities in view of the growing food needs of the ever-growing popula-

tion. Refrigeration helps in retaining the sensory, nutritional and eating qualities of the food. 

The excess crop of fruits and vegetables can be stored for use during peak demands and off-

season; and transported to remote locations by refrigerated transport. In India, storage of pota-

toes and apples in large scale and some other fruits and vegetables in small scale and frozen 

storage of peas, beans, cabbage, carrots etc. has improved the standard of living. In general, 

the shelf life of most of the fruits and vegetables increases by storage at temperatures between 

0 to 10°C. 

Table 2: Recommended storage conditions for fruits  

No. Variety 

Conventional refrigeration Refrigeration using waste heat 

Optimum tem-

perature (℃) 

 Storage Period

（d） 

Regulation tempera-

ture（℃） 

Storage Period

（d） 

1 grape -1-0 150-160 8-9 40-50 

2 kiwi fruit 0-1 150-160 8-9 30-40 

3 peach 0-1 40-50 8-9 20-25 

4 cherry 0-1 30-40 8-9 10-15 

5 stawvurry -1-0 40-50 8-9 10-15 

6 water melon 9-10 40-50 9-10 40-50 

7 sweet melon 7-8 20-30 8-9 20-25 

8 hami melon 3-4 90-100 8-9 50-60 

9 citrus 3-4 150-180 8-9 120-130 

10 origen 7-8 180-210 8-9 150-180 

11 bananas 13-14 40-60 13-14 40-60 

12 litchi 0-1 50-60 8-9 20-25 
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No. Variety 

Conventional refrigeration Refrigeration using waste heat 

Optimum tem-

perature (℃) 

 Storage Period

（d） 

Regulation tempera-

ture（℃） 

Storage Period

（d） 

13 mongo 12-13 30-40 12-13 30-40 

14 longan 0-1 50-60 8-9 20-25 

15 pine apple 8-9 40-50 8-9 40-50 

16 loquat 1-2 50-60 8-9 25-30 

17 papaya 8-9 25-30 9-10 25-30 

18 carambola 5-6 50-60 8-9 30-35 

19 coconut coco 0-1 50-60 8-9 25-30 

20 passionfruit 5-6 20-25 8-9 15-20 

21 olive 5-6 30-40 8-9 25-30 

22 fig 0-1 10-15 8-9 7-10 

 

Table 3: Recommended storage conditions for vegetables 

No. Variety 

Conventional refrigeration Refrigeration using waste heat 

Optimum tem-

perature(℃) 

 Storage Period

（d） 

Regulation temperature

（℃） 

Storage Period

（d） 

1 tomato 3-4  240-270 8-9 150-180 

2 onion -1-0 210-250 8-9 120-150 

3 patato 8-9 40-50 8-9 40-50 

4 carrot 0-1 210-240 8-9 100-120 

5 turnip 0-1 210-240 8-9 10-120 

6 brussels sprouts 0-1 80-90 8-9 50-60 

7 sweet potato 13-14 180-200 13-14 180-200 

8 green onion -1-0 210-240 8-9 100-120 
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No. Variety 

Conventional refrigeration Refrigeration using waste heat 

Optimum tem-

perature(℃) 

 Storage Period

（d） 

Regulation temperature

（℃） 

Storage Period

（d） 

9 lush -1-0 40-50 8-9 15-20 

10 galic -1-0 210-240 8-9 100-120 

11 asparagus lettuce 0-1 30-40 8-9 15-20 

12 celery 0-1 90-100 8-9 30-40 

13 asparagus 0-1 30-40 8-9 15-20 

14 ginger 13-14 240-270 13-14 240-270 

15 chinese cabbage -1-0 120-150 8-9 60-80 

16 kale 0-1 210-250 8-9 120-150 

17 cabbage -1-0 150-180 8-9 90-100 

18 pimento 8-9 50-60 8-9 50-60 

19 eggplant 8-9 25-30 8-9 25-30 

20 cucumber 11-12 35-40 11-12 35-40 

21 wax gourd 10-11 150-180 10-11 150-180 

22 pumpkin 10-11 110-150 10-11 110-150 

23 bean 8-9 30-40 8-9 30-40 

24 cauliflower -1-0 90-100 8-9 25-30 

25 broccoli -1-0 15-20 8-9 7-8 

 

 

3.2 Preservation
1
  

The most obvious losses from marketing fruit crops are caused by mechanical injury, decay, 

and aging. Losses in moisture, vitamins, and sugars are less obvious, but they adversely affect 

                                                      

1
 Based on recommendations of American Society of Heating, Refrigerating, and Air-Conditioning 

Engineers (ASHRAE) 
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quality and nutrition. Rough handling and holding at undesirably high or low temperatures 

increase loss. Loss can be substantially reduced by greater care in handling and by following 

recommended storage practices. 

3.2.1 Refrigerated storage 

Because products deteriorate much faster at warm than at low temperatures, rapid removal of 

field heat by cooling to the storage temperature substantially increases the market life of the 

product.  

The environment in which harvested produce is placed may greatly influence not only the 

respiration rate but also other changes and products formed in related chemical reactions. In 

fruits, these changes are described as ripening. In many fruits, such as bananas and pears, the 

process of ripening is required to develop the maximum edible quality. However, as ripening 

continues, deterioration begins and the fruit softens, loses flavor, and eventually undergoes 

tissue breakdown. 

In addition to deterioration after harvest by biochemical changes within the product, desicca-

tion and diseases caused by microorganisms are also important. Deterioration rate is greatly 

influenced by temperature and generally reduced as temperature is lowered. The specific rela-

tionships between temperature and deterioration rate vary considerably among commodities 

and diseases. A generalization, assuming a nominal deterioration rate of 1 for a fruit at -1 °C, 

is as follows. 

Table 4: Deterioration rates of fresh produce 

Approximate Deterioration Rate of Fresh Produce 

Temperature, °C           Relative Deterioration Rate 

20 8 – 10  

10 4 – 5  

5 3 

3 2 

- 1 1 

 

For example, fruit that remains marketable for 12 days when stored at -1 °C may last only 

12/3 = 4 days when stored at 5°C. The best temperature to slow down deterioration is often 

the lowest temperature that can safely be maintained without freezing the commodity, which 

is 1 to 2°C above the freezing point of the fruit or vegetable.  

Some produce will not tolerate low storage temperatures. Severe physiological disorders that 

develop because of exposure to low but not freezing temperatures are classed as chilling inju-

ry. 
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3.2.2 Methods of pre-cooling 

Pre-cooling is the rapid removal of field heat from freshly harvested fruits and vegetables be-

fore shipping, storage, or processing. Prompt pre-cooling inhibits growth of microorganisms 

that cause decay, reduces enzymatic and respiratory activity, and reduces moisture loss. Thus, 

proper pre-cooling reduces spoilage and retards loss of pre-harvest freshness and quality. 

Pre-cooling requires greater refrigeration capacity and cooling medium movement than do 

storage rooms, which hold commodities at a constant temperature. Thus, pre-cooling is typi-

cally a separate operation from refrigerated storage and requires specially designed 

equipment. Pre-cooling can be done by various methods, including hydro-cooling, vacuum 

cooling, air cooling, and contact icing. These methods rapidly transfer heat from the commod-

ity to a cooling medium such as water, air, or ice. Cooling times from several minutes to over 

24 hours may be required. 

3.2.3 Product requirements 

During postharvest handling and storage, fresh fruits and vegetables lose moisture through 

their skins through transpiration. Commodity deterioration, such as shrivelling or impaired 

flavor, may result if moisture loss is high. To minimize losses through transpiration and in-

crease market quality and shelf life, commodities must be stored in a low-temperature, high-

humidity environment. Various skin coatings and moisture-proof films can also be used dur-

ing packaging to significantly reduce transpiration and extend storage life. Metabolic activity 

in fresh fruits and vegetables continues for a short period after harvest. The energy required to 

sustain this activity comes from respiration, which involves oxidation of sugars to produce 

carbon dioxide, water, and heat. A commodity’s storage life is influenced by its respiratory 

activity. By storing a commodity at low temperature, respiration is reduced and senescence is 

delayed, thus extending storage life. Proper control of oxygen and carbon dioxide concentra-

tions surrounding a commodity is also effective in reducing the respiration rate. 

Product physiology, in relation to harvest maturity and ambient temperature at harvest time, 

largely determines pre-cooling requirements and methods. Some products are highly perisha-

ble and must begin cooling as soon as possible after harvest; examples include asparagus, 

snap beans, broccoli, cauliflower, sweet corn, cantaloupes, summer squash, vine-ripened to-

matoes, leafy vegetables, globe artichokes, brussel sprout, cabbage, celery, carrots, snow peas, 

and radishes. Less perishable produce, such as white potatoes, sweet potatoes, winter squash, 

pumpkins, and mature green tomatoes, may need to be cured at a higher temperature. Cooling 

of these products is not as important; however, some cooling is necessary if ambient tempera-

ture is high during harvest. 

Commercially important fruits that need immediate pre-cooling include apricots; avocados; 

all berries except cranberries; tart cherries; peaches and nectarines; plums and prunes; and 

tropical and subtropical fruits such as guavas, mangos, papayas, and pineapples. Tropical and 
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subtropical fruits of this group are susceptible to chilling injury and thus need to be cooled 

according to individual temperature requirements. 

3.3 Fruit storage and handling requirements 

Quality and Maturity: Maximum storage life can be obtained only by storing high quality 

commodities soon after harvest. Different lots of fruit may vary greatly in storage behaviour 

because of variety, climate, soil and cultural conditions, maturity, and handling practices. 

When fruit is transported from a distance, is grown under unfavourable conditions, or is dete-

riorated, proper storage allowance should be made. 

Fresh fruit for storage should be as free as possible from skin breaks, bruises, and decay. 

These defects reduce the value of the product and may cause rapid deterioration not only of 

the damaged fruit, but also of fruit stored nearby. Damaged fruit often produces more eth-

ylene, which can cause rapid ripening of many types of climacteric fruit. For the same reason, 

it is unwise to store fruit or vegetables having different storage characteristics together; some 

may emit ethylene, causing a more sensitive crop to ripen prematurely. Natural cooling in 

well-ventilated storage slows down or halts these processes. 

Fruit maturity at harvest time determines its refrigerated storage life and quality. For any giv-

en produce, there is a maturity best suited for refrigerated storage. Under-mature produce will 

not ripen or develop good quality during or after refrigerated storage. For many crops, exces-

sively overmature produce deteriorates quickly during storage, although there are some 

exceptions for late-harvested fruit (in particular, late-harvested kiwifruit). 

Handling and Harvesting: Rising handling costs have encouraged the use of bulk handling 

and large storage bins for many kinds of fruit. Moving, loading, and stacking bins by forklift 

trucks must be done carefully to maintain proper ventilation and refrigeration of the product. 

Bins should not be so deep that excessive weight damages the produce near the bottom. Me-

chanical harvesters for fruit frequently cause some bruising. This damage can materially 

reduce the quality of the produce. 

Storage and Transportation: As in storage, losses from deterioration during distribution are 

affected by temperature, moisture, diseases, and mechanical damage. Gradual aging and dete-

rioration are continuous after harvest. Time in transit may represent a large portion of 

postharvest life for some commodities, such as cherries and strawberries. Thus, the environ-

ment during this period largely determines produce saleability when it reaches the consumer. 

To prevent undue warming and condensation of moisture, which promote decay and deterio-

ration, fruit-handling systems must be well-designed to minimize re-warming and moisture 

condensation on the product. For example, fruit should not be removed from cool storage and 

left unattended for significant periods of time before loading and transport in refrigerated ve-

hicles. When the product is removed from cool storage, it should be consumed as quickly as 
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possible or retained at low temperature. Details on storage and handling of common fruit are 

given in the following sections. 

3.4 Vegetable preservation and storage 

Losses (shrinkage) in marketing fresh vegetables (harvesting, handling, packing, storing, and 

retailing) are caused, in part, by overly high temperatures during handling, storage, and 

transport, which increase ripening, decay, and the loss of edible quality and nutrient values. 

Some cases may involve freezing or chilling injury from overly low temperatures. Other seri-

ous losses are caused by mechanical injury from careless or rough handling and by shrinkage 

or wilting because of moisture loss. Shrinkage can be reduced substantially by following rec-

ommended handling, cooling, transport, and storage practices. Improved packaging, 

refrigerated transport, and awareness of refrigeration’s role in maintaining quality throughout 

marketing have made it possible to transport vegetables in field fresh condition to distant 

markets. 

 

Product selection and quality maintenance  

The principal hazards to quality retention during marketing include, among other factors: 

 Metabolic changes (composition, texture, colour) associated with respiration, ripen-

ing, and senescence (aging) 

 Moisture loss with resultant wilting and shrivelling 

 Bruising and other mechanical injuries 

 Parasitic diseases 

 Physiological disorders 

 Freezing and chilling injury 

 Flavor and nutritional changes 

 Growth (sprouting, rooting) 

 Ethylene-caused injury 

 

Fresh vegetables are living tissues and have a continuing need for O2 for respiration. During 

respiration, stored food such as sugar is converted to heat energy, and the product loses quali-

ty and food value. In maintaining commodity temperatures during storage or transportation, 

some of the refrigeration load can be attributed to respiration.  

Vegetables that respire the fastest often have greater handling problems because they are the 

most perishable. Variations are caused by the type of plant part involved. For example, root 
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crops such as carrots and radishes have lower respiration rates than fruit vegetables (cucum-

ber, pepper) and sprouts (asparagus). Refrigeration is the best method of slowing respiration 

and other life processes. 

Many colour changes associated with ripening and aging can be delayed by refrigeration. For 

example, broccoli may show yellowing in 1 day on a non refrigerated counter, but remain 

green at least 3 to 4 days in a refrigerated display. 

Postharvest Handling 

After harvest, most highly perishable vegetables should be removed from the field as rapidly 

as possible and refrigerated, or they should be graded and packaged for marketing. Because 

aging and deterioration continue after harvest, marketable life depends greatly on temperature 

and care in physical handling. 

The effects of rough handling are cumulative. Several small bruises on a tomato can produce 

an off-flavor. Bruising also stimulates the ripening rate of products such as tomatoes and 

thereby shortens potential storage and shelf life. Mechanical damage increases moisture loss; 

skinned potatoes may lose 3 to 4 times as much weight as non skinned ones. 

Use care in stacking bulk bins in storage, to maintain proper ventilation and refrigeration of 

the product. Bins should not be so deep that excessive weight damages product near the bot-

tom.   

Quality maintenance is further aided by:  

 Harvesting at optimum maturity or quality 

 Handling carefully to avoid mechanical injury 

 Handling rapidly to minimize deterioration 

 Providing protective containers and packaging 

 Using preservative chemical, heat, or modified-atmosphere treatments 

 Enforcing good plant sanitation procedures while handling 

 Precooling to remove field heat 

 

Cooling 

Rapid cooling of a commodity after harvest, before or after packaging or before it is stored or 

moved in transit, reduces deterioration of the more perishable vegetables. The faster field heat 

is removed after harvest, the longer produce can be maintained in good marketable condition. 

Cooling slows natural deterioration, including aging and ripening; slows growth of decay or-

ganisms (and thereby the development of rot); and reduces wilting, because water losses 

occur much more slowly at low temperatures than at high temperatures. 
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After cooling, produce should be refrigerated continuously at recommended temperatures. If 

warming is allowed, much of the benefit of prompt pre-cooling may be lost. 

 

Protective Packaging and Waxing 

Vegetables for transit and destination storage should be packed in containers with adequate 

stacking strength and durability to protect against crushing under high humidity. Bulging 

crates should be stacked on their sides or stripped between layers to keep weight off the 

commodity. Many vegetables are stored or shipped in corrugated fibreboard containers, but 

fibreboard weakening by moisture absorption at high storage humidity is frequently a serious 

problem. 

Waxes are applied to rutabagas, cucumbers, mature green tomatoes, and cantaloupes, and to a 

lesser extent to peppers, turnips, sweet potatoes, and certain other crops. With products such 

as cucumbers and root crops, waxing reduces moisture loss and shrivelling. Thin wax coat-

ings may give little if any protection against moisture loss; coatings that are too heavy may 

increase decay and breakdown. Waxing alone does not control decay, but waxing combined 

with fungicides may be beneficial. 

Packaging, Loading, and Handling 

Corrugated containers (boxes) must protect the commodity, allow heat exchange as necessary, 

and serve as an appropriate merchandising unit with sufficient strength to withstand normal 

handling.  

Boxes should be loaded to take advantage of their maximum strength and to allow adequate 

stripping or use of spacers to hold the load in alignment. When different types of boxes are 

used in the same load, stacks should be separated so that one type will not damage another. If 

separation of stacks is impossible, boxes made of lighter material, such as fibreboard, should 

always be loaded on top of heavier wood boxes. 
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4 Fruit and vegetable production in Bangladesh 

4.1  Overview of Vegetable Subsector in Bangladesh  

For a substantial period of time, vegetable was not a major agricultural crop in Bangladesh 

and the production was confined within homestead level. However, with the increase of popu-

lation and urbanization, demand of vegetable became very high. At the present, annual 

demand of vegetable is around 3.5 Million MT
2
.  To cop up with this demand situation, the 

supply has also increased in the last few years. While the production of summer vegetables 

(Kharif) was 1,314,024 Metric Tons in 2006-07, the same was 1,468,159 Metric Tons in 

2010-11
3
.  Similarly, production of winter vegetables (Rabi) also increased from 1,363,706 

metric tons in 2006-07 to 1,593,681 metric tons in 2010-11
4
. Return on investment for vege-

table is also high in comparison with other crops (1.77 in vegetable in comparison with 1.44 

in Rice and 1.53 in Jute)
5
. The demand supply gap along with the return on investment indi-

cates the huge potential of more farmers adopting vegetable as a cash crop.  

Nearly 100 different types of vegetable comprising both local and exotic types are grown in 

Bangladesh
6
. Depending on the production time, these can be broadly categorized into two 

types- the Kharif or Summer Vegetables and the Rabi or Winter Vegetables. The Kharif sea-

son in Bangladesh starts from 16th of March till 15th of October (Bengali Chaitra to Aswin 

Months). Major vegetables grown in this season include Sponge Gourd, Plantain, Stem Ama-

ranth, Pointed Gourd, Snake Gourd, Bitter Gourd, Yard Long Bean, etc. Rabi season starts 

from 16th of October and stays till 15th of March, in Bengali which is between Kartik to Fal-

gun months. Major Rabi vegetables include Cabbage, Cauliflower, Radish, Tomato, Bean, 

Carrot, Spinach, Red Amaranth, Bottle Gourd, etc. Vegetables like Pumpkin, Eggplant, Papa-

ya, etc. are grown almost all the year round. Table below shows the production trend for some 

of the major vegetables grown in Bangladesh. 

 

 

                                                      

2
http://www.katalyst.com.bd/op_Vegetables.php 

3
 Agricultural Statistics, 2011, Bangladesh Bureau of Statistics 

4
 Same as above 

5
 Himel, F, 2013, “Vegetable Seed Market Assessment in Bangladesh”, Developed for EU funded 

ANEP Project 
6
http://www.banglapedia.org/HT/V_0030.HTM 

http://www.katalyst.com.bd/op_Vegetables.php
http://www.banglapedia.org/HT/V_0030.HTM
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Table 5: Production trend for some of the major vegetables grown in Bangladesh  

Vegetable Locally Known As 

Year 

2006-

07 

2007-

08 

2008-

09 

2009-

10 

2010-

11 

Amaranth (Red) Lal Shak 37415 41189 41583 44329 42810 

Amaranth (Stem) Danta Shak 56715 75115 65177 65987 67358 

Bitter Gourd Korolla 34445 39648 40127 41419 45097 

Bottle Gourd Lau 164560 201348 218752 227454 
23615

6 

Cabbage Bandha Kopi 182685 211097 205627 219958 
20685

1 

Carrot Gajor 9855 10430 11380 14075 15021 

Cauliflower Ful Kopi 143206 156483 153226 160040 
16823

8 

Country Bean Shim 82980 82872 88386 88581 94756 

Cucumber Shosha 32480 36740 43902 55152 48448 

Eggplant Begun 293595 322007 316537 330868 
31776

1 

Indian Spinach Pui Shak 52195 55339 63001 66705 66994 

Okra Dherosh 38715 38508 40462 42366 43212 

Onion Peyaj 894255 889260 735140 872081 
10515

23 

Pointed Gourd Potol 68415 70367 72473 78084 83246 

Pumpkin Mishti Kumra 110075 114335 121497 132747 
12604

3 

Radish Mula 235815 267048 257371 259743 
25671

1 

Ridge Gourd Jhinga 36595 40995 41610 44064 45942 

Snake Gourd Chichinga 24430 216934 29211 30339 31426 

Spinach Palong Shak 38205 44030 42898 45251 43193 

Sponge Gourd Dhundol 15430 14807 14642 15250 15290 

Teasel Gourd Kankrol 17415 22121 22992 24564 14141 

Tomato Tomato 136935 143058 150720 190213 
23245

9 

Wax Gourd Chal Kumra 44380 52660 57308 62673 64898 

Yard Long Bean Borboti 18590 19844 21348 21178 22259 

Chili Morich 153955 117765 109337 109350 
17613

4 

Source: Agricultural Statistics, 2011, Bangladesh Bureau of Statistics 
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Table 6: Major vegetable producing districts in Bangladesh 

Vegetable 
Top Produc-

ing Districts 

Production 

(M. Tons) 
Vegetable 

Top Producing 

Districts 

Production 

(M. Tons) 

Kharif Brinjal 

Jessore 28071 

Snake Gourd 

Jessore 3966 

Rajshahi 10210 Dhaka 3860 

Kushtia 9891 Chittagong 2775 

Pumpkin 

Kushtia 31531 

Ridge Gourd 

Kushtia 4053 

Jessore 8699 Chittagong 3941 

Khulna 6452 Jessore 3657 

Okra 

Jessore 5892 

Arum 

Kushtia 34343 

Kushtia 3234 Jessore 28289 

Dhaka 3047 Tangail 22147 

Bitter Gourd 

Jessore 4966 

Stem Amaranth 

Jessore 9655 

Bogra 4800 Dhaka 5670 

Chittagong 3559 Tangail 5530 

Cucumber 

Jamalpur 5295 

Yard Long Bean 

Chittagong 3730 

Kushtia 4788 Jessore 2704 

Jessore 4693 Kushtia 2080 

Green Papaya 

Jessore 22426 

Green Banana 

Jessore 29590 

Kushtia 18203 Dhaka 22197 

Faridpur 15903 Khulna 18426 

Rabi Brinjal 

Jamalpur 28315 

Cauliflower 

Dhaka 16244 

Jessore 21484 Jessore 15176 

Dhaka 15372 Tangail 12631 

Cabbage 

Jessore 21674 

Tomato 

Rangpur 56674 

Kushtia 19017 Dinajpur 33280 

Tangail 17487 Jessore 11377 

Onion 

Pabna 257763 
Green Chili 

(Kharif) 

Jessore 30771 

Faridpur 243834 Faridpur 24617 

Rajshahi 161913 Jamalpur 14381 
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4.2 Production Trend of Fruits in Bangladesh 

Table 7: Major fruit producing districts in Bangladesh  

Fruits 
Locally Known 

As 

Production in Year (M. Tons) 

2006-07 2007-08 2008-09 2009-10 2010-11 

Banana Kola 1004520 877123 836183 818254 800840 

Mango Aam 781960 802750 828161 842312 889176 

Pineapple Anarash 238360 210283 229068 234493 218582 

Jack Fruit Kanthal 925965 976320 974760 1005164 961821 

Water Melon Tormuj 105830 204593 200238 216497 204514 

Lichi Lichu 43565 43767 55288 64995 66510 

Guava Peyara 151790 151549 160927 181950 271309 

Lime and Lemon Lebu 37770 52801 55594 53987 54613 

Black Berry Kalo Jam 37685 43660 45212 46666 51772 

 

4.3 Export Performance of Fruits and Vegetables in Bangladesh  

More than 100 fruits and vegetables are exported from Bangladesh. Export of fresh fruits and 

vegetables from Bangladesh are significantly increased from 9.44 million$ in FY1993/94 to 

182.23 million$ in FY2012/13. In FY2012/13, fresh vegetables export market comprises 

Middle East countries about 50% (Saudi Arabia 25.72%, UAE 7.61%, Kuwait 6.97%, Qatar 

6.97%, Bahrain 1.39%, Oman 0.92%), EU region 31.24% (UK 24.63%, Italy 4.75%, France 

0.88%, Germany 0.48%, Sweden 0.25%, Greece and others country 0.25%), Far East coun-

tries 13.62% (Malaysia 10.57%, Singapore 3.05%) and other countries 5.14% . On the other 

hand, fresh fruits export market comprises India 93.94%, Middle East countries 4.3% (Saudi 

Arabia 1.5%, Kuwait 1.60%, Qatar 0.50%, UAE 0.50%, Bahrain 0.20%), EU region 0.42% 

and other countries 1.34%. Exports are targeted mainly for ethnic market. Fresh fruits and 

vegetables export from FY2004/05 to FY2012/13 are shown in table below.  
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Table 8: Top Export Scenario of Fresh Vegetable and Fruits from Bangladesh 

Fiscal Year Quantity Export (M Tons) Export Value (Million USD) 

2009-10 29370 64.21 

2010-11 48428 109.41 

2011-12 59573 134.59 

2012-13 80660 182.23 

4.4 Summary of fruit and vegetable production in Bangladesh 

The analysis of fruit and vegetable production and cold storage in Bangladesh is summarized 

in below table.  

Table 9: Summary of fruit and vegetable in Bangladesh  

Type  Seasons  Total Production 

(MT)  

Total Production 

(MT)  

Annual de-

mand(MT)  

Vegetable  Summer vegeta-

bles(Kharif)  

1,468,159  3,061,840  3.5Million  

Winter vegeta-

bles(Rabi)  

1,159,681  
  

Fruit  Whole year  3,539,137  3,539,137   

 

Vegetable in Bangladesh 

 

Figure 1. Trends in vegetable production  
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The production of summer vegetables (Kharif) was 1,314,024 Metric Tons in 2006-07, the 

same was 1,468,159 Metric Tons in 2010-11. 

The highest yield vegetables (annual> 100,000MT, 9 type) 

 

Figure 2. Average annual vegetable production  

Remark: Potato annual production about 8,600,000MT per year.  

 
 

Figure 3. The highest yield of fruit are Jack Fruit, Banana and Mango 
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4.5 Climactic Condition in Bangladesh 

A tropical location, lush greenery, moisture-rich loamy soil and production-friendly climate-

all these make Bangladesh one of the notable growers of a vast range of fruits, vegetables and 

herbs. Bangladesh, mainly a tropical region has diverse ecosystems with hills, flood plains, 

coastal plains and wet lands. Temperature ranges from 5 °C to 28 °C in winter and from 22 

°Cc to 400 °C in the summer. Average rainfall varies from 1430 mm in the North and North-

West to 4338 mm in the East and South-East.  Cropped area is around 13.71 million hectare 

and 179% cropping intensity agriculture predominance. Agro-ecology of the country is divid-

ed in 30 AEZs. The total cultivated area of horticultural crops is about 0.69 million hectare 

which is about 5% of the total cropped area. Two cropping seasons are recognized, Rabi (cool 

and dry months: October-March) and Kharif (hot and humid months: April-September). Rabi 

enjoys favourable climate for crop cultivation. 

4.6 Thermal Map of Bangladesh during Rabi (Winter) and Kharif 

(Summer) Season 

 

Figure 4. Extreme temperatures in pre-Kharif and Rabi season  
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5 Cold storages in Bangladesh 

Table 10: List of cold storages in Bangladesh  

District Number 

Cumulative 

Capacity 

(MT) 

No of Small
7
 

Cold Storage 

No of Medi-

um
8

 Cold 

Storage 

No of Large
9
 

Cold Storage 

Dhaka 8 21111 8 
  

Narayanganj 5 254000 
 

1 4 

Jamalpur 3 12000 3 
  

Faridpur 3 17800 3 
  

Madaripur 1 6000 1 
  

Gazipur 1 1000 1 
  

Kishoreganj 5 23300 3 2 
 

Tangail 3 19415 2 1 
 

Sherpur 2 11000 2 
  

Manikganj 2 6000 2 
  

Munshiganj 73 495251 33 30 10 

Nilphamari 9 85100 1 3 5 

Kurigram 4 45860 
  

4 

Lalmonirhat 8 74572 
 

3 5 

Rajshahi 28 308000 3 12 13 

Dinajpur 13 96860 3 7 3 

Thakurgaon 14 106440 4 8 2 

Panchagar 4 31875 
 

4 
 

Gaibandha 5 41588 1 4 
 

Rangpur 40 435017 7 22 11 

Pabna 2 10675 2 
  

Joypurhat 14 116956 5 9 
 

Natore 4 10500 4 
  

Naogaon 6 25768 6 
  

                                                      

7
 Small Cold Storage is the one with capacity less than 6000 MT 

8
 Medium Cold Storage is the one with capacity 6000 to 10,000 MT 

9
 Large Cold Storage is the one with capacity more than 10,000 MT 
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District Number 

Cumulative 

Capacity 

(MT) 

No of Small
7
 

Cold Storage 

No of Medi-

um
8

 Cold 

Storage 

No of Large
9
 

Cold Storage 

Bogra 29 223780 7 14 8 

ChapaiNawabganj 1 5000 1 
  

Sirajganj 1 4250 1 
  

Kushtia 3 7200 3 
  

Jessore 10 38588 10 
  

Meherpur 3 10000 3 
  

Khulna 5 15720 5 
  

Barisal 1 2000 1 
  

Satkhira 5 15720 5 
  

Barguna 1 12000 
  

1 

Chittagong 6 18650 4 1 1 

Sylhet 3 3800 3 
  

Chandpur 10 42000 8 2 
 

Moulovibazar 3 4600 3 
  

Feni 1 6960 
 

1 
 

Comilla 31 128250 24 5 2 

Cox's Bazar 1 5000 1 
  

Habiganj 1 1500 1 
  

Lakxmipur 1 5000 1 
  

 

373 

 

175 129 69 

5.1 Usage of Cold Storages 

Table 11: Usage of cold storages  

Usage No of Cold Storages used for this Purpose 

Table Potato 354 

Seed Potato 332 

Fruits & Vegetables (including Chili) 26 

Fish 7 

Other Products
10

 4 

                                                      

10
 Other products include Mango pulp, Flower seed, Dalda, Egg and Sweets 
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5.2 Human Resources in Cold Storages  

Table 12: Human resources in cold storage  

Type of Cold 

Storage 

Full time 

staffs (Avg.) 

Contractual Work-

ers (Avg.) 

Large 22 158 

Medium 19 112 

Small 18 51 

5.3 Location of the Cold Storages 

 

Figure 5. Regional distribution of cold storages in Bangladesh 
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5.4 Rough Cost Estimation for Cold Storages (in BDT) 

Table 13: Cost estimates of cold storages  

Cost Item Avg. Cost Large Medium Small 

Electricity Bill 5609550 8118846 4860783 3849021 

Fuel for generator(Diesel & Others) 5445729 1968750 1061470 568244 

Freezer Gas 304508 326889 250417 156231 

Compressor Oil 290366 255889 244000 162068 

Full-time Staff 1501856 2012286 1949333 1213670 

Contractual Labor 3418721 4817700 4176667 2067962 

Maintenance 1250864 2796667 990290 916667 

Others 593910 778750 625484 345000 

Total Avg. Cost 18415504 21075777 14158444 9278863 

 

5.5 Summary and conclusion of cold storage in Bangladesh 

Table 14: Overview of cold stores in Bangladesh 

Number  Total   

Capacity  

No of the small  

(one unit less than 

6000 MT) 

No of Medium small  

(one unit from 6000 to 

10000MT) 

No of large  

(one unit more than 

10000MT)  

373  2,806,106  175  129  69  

 

 The cold storages are mainly used for table and seed potato. 

 The fruits and vegetables are shortage in cold storage for preservation and chilling. 

 

5.6 Conclusions  

1) The deployment rate of cold storage in Bangladesh is 18%. Bangladesh is lacking 

cold storage and cold chain; 

2) The post harvest loss is about 20%-40%  in Bangladesh 

3) There is high demand of electricity in Bangladesh.  Consideration of utilization of the 

waste heat from power plant for cooling is thus recommended. Lithium bromide re-

frigeration is suitable for using the waste heat from power plant. 

4) It is proposed to investigate the utilization of the technology for potato storage 



 

 

Final Report:  Consulting Services on Feasibility Study of Waste Heat Recovery from Power Plants 

for Operating Cold Storages in Bangladesh 

       

40 

 

6 Waste Heat Recovery Technology Options 

6.1 Introduction  

Waste heat is rejected or escaping from furnaces of various types, in case of this project from 

power plants, after it has served its primary purpose – power generation. It is normally re-

leased into the environment, even though it may still be reused. Recovery of waste heat has 

become very important from environmental, economic and efficiency points of view. The es-

sential quality of heat is not the amount but rather its “value”. The strategy of how to recover 

this heat depends in part on the temperature of the waste heat gases and the economics in-

volved.  

Large quantity of hot flue gases is generated from Boilers, Kilns, Ovens and Power Station 

Furnaces. Recovering some amount of the waste heat can lead to a considerable amount of 

primary fuel savings. Even though the energy in waste gases cannot be fully recovered, the 

losses can be minimized by adopting appropriate measures.  

Heat Losses –Quality 

Considering that waste heat can be rejected at virtually any temperature, it is clear that quality 

and cost effectiveness of the heat recovery is better at higher temperatures. Apart from the 

proposed projects utilization of the waste heat to power an absorption chiller, typical other 

uses would be preheating of combustion air, space heating, or pre-heating of boiler feed water 

or process water. With high temperature heat recovery, a cascade system of waste heat recov-

ery may be practiced to ensure that the maximum amount of heat is recovered at the highest 

potential.  

Classification and Application 

In considering the potential for heat recovery, it is useful to note the possibilities, and grade 

the waste heat in terms of potential value as shown in the following Table. We limit our con-

sideration to the two practical uses proposed for the project, utilization of flue gas and vapor 

streams. 

Table 15: Waste heat sources and quality 

S.No. Source Quality 

1. Heat in flue gases The higher the temperature, the greater the potential 

value for heat recovery 

2. Heat in vapour streams As above but when condensed, latent heat is also re-

coverable 
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Medium Temperature Heat Recovery 

The following Table gives the temperatures of waste gases from process equipment in the 

medium temperature range. In case of the project under consideration, the waste heat is found 

in this temperature range, it comes from the exhaust of directly fired process units or excess 

steam. 

Table 16: Typical waste heat temperature at medium temperature range from various sources 

6.2 Heat recovery steam generator (HRSGs) 

Heat recovery boilers, also known as waste heat recovery boilers or heat recovery steam gen-

erators (HRSGs), form an inevitable part of chemical plants, refineries, power plants, and 

process systems. They are classified in several ways, according to the application, the type of 

boiler used, whether the flue gas is used for process or mainly for energy recovery, cleanliness 

of the gas, and boiler configuration, to mention a few. The main classification is based on 

whether the boiler is used for process purposes or for energy recovery. Process waste heat 

boilers are used to cool waste gas streams from a given inlet temperature to a desired exit 

temperature for further processing purposes. The exit gas temperature from the boiler is an 

important parameter affecting the downstream process reactions and hence is controlled by 

using a gas bypass system. Steam generation is of secondary importance in such plants. In 

energy recovery applications, on the other hand, the gas is cooled as much as possible while 

avoiding low temperature corrosion. 

Examples can be found in gas turbine exhaust heat recovery or flue gas heat recovery 

fromincinerators, furnaces, and kilns. The objective here is to maximize energy recovery. If 

the gas stream is clean, water tube boilers with extended surfaces may be used. In solid or 

liquid waste incineration applications, the gas is generally dirty and may contain corrosive 

compounds, acid vapors, ash, and particulates. If the ash contains compounds of sodium, po-

tassium, or nonferrous metals, slagging is likely on heat transfer surfaces if these compounds 

become molten. In these cases, bare tube boilers with provision for cleaning the tubes with 

soot blowers or a rapping mechanism are used. A water-cooled furnace, which cools the gas 

stream to a temperature below the ash melting temperature and hence minimizes slagging on 

the convective surfaces, may also be necessary. 

Modular HRSGs can be categorized by a number of ways such as direction of exhaust gases 

flow or number of pressure levels. Based on the flow of exhaust gases, HRSGs are catego-

rized into vertical and horizontal types. In horizontal type HRSGs, exhaust gas flows 

horizontally over vertical tubes whereas in vertical type HRSGs, exhaust gas flow vertically 

Type of Device Temperature, 
o
C 

Steam boiler exhausts 230-480 

Gas turbine exhausts 370-540 
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over horizontal tubes. Based on pressure levels, HRSGs can be categorized into single pres-

sure and multi pressure. Single pressure HRSGs have only one steam drum and steam is 

generated at single pressure level whereas multi pressure HRSGs employ two (double pres-

sure) or three (triple pressure) steam drums. As such triple pressure HRSGs consist of three 

sections: an LP (low pressure) section, a reheat/IP (intermediate pressure) section, and an HP 

(high pressure) section. Each section has a steam drum and an evaporator section where water 

is converted to steam. This steam then passes through superheaters to raise the temperature 

beyond the one at the saturation point. An Example of a modular HRSG is shown in the illus-

tration below. 

 

Figure 6. Modular HRSG  

 

Heat recovery steam generators are generally of the water tube type with extended surfaces. 

This makes their design compact. Because of the large duty and low log-mean temperature 

differences at the various heating surfaces, plain tubes cannot serve the purpose effectively. 

The resulting HRSG design would be huge and uneconomical; the gas pressure drop also 

would be very high. One exception is the furnace-fired HRSG, which is very close in design 

to a conventional steam generator operating at much higher log-mean temperature differ-

ences; bare tubes may be used in this case. Fire tube boilers are rare in gas turbine heat 

recovery applications because they use plain tubes, which makes them large and unwieldy. 

They are sometimes used behind small gas turbines, often less than 3MWin size, for generat-

ing low pressure saturated steam for use in chillers. 
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6.3 Gas Turbine HRSG 

The most likely application of HRSGs in the project is within gas turbine exhaust recovery. 

Gas turbine plants operate in both combined cycle and cogeneration mode, we have consid-

ered both options. Large combined cycle plants with thousands of megawatts in capacity are 

being built today. Chemical plants, refineries, and process plants use HRSGs in cogeneration 

mode to supply steam for various purposes. The combined cycle plant with a gas turbine ex-

hausting into an HRSG that supplies steam to a steam turbine is the most efficient electric 

generating system available today. It exhibits lower capital costs than fossil power plants. 

Though gas turbine exhaust is used to heat industrial heat transfer fluids and gases, the em-

phasis here will be on steam generation to power the absorption chiller. Gas turbine exhaust is 

clean; therefore water tube boilers with extended surfaces are the natural choice for heat re-

covery applications.  

6.4 Plate heat exchanger  

Depending on the final design considerations of the waste heat recovery for cold storage pro-

ject, plate heat exchangers may be required. The cost of heat exchange surfaces is a major 

cost factor when the temperature differences are not large. One way of meeting this problem 

is the plate type heat exchanger, which consists of a series of separate parallel plates forming 

thin flow pass. Each plate is separated from the next by gaskets and the hot stream passes in 

parallel through alternative plates whilst the liquid to be heated passes in parallel between the 

hot plates. To improve heat transfer the plates are corrugated. Hot liquid passing through a 

bottom port in the head is permitted to pass upwards between every second plate while cold 

liquid at the top of the head is permitted to pass downwards between the odd plates. When the 

directions of hot & cold fluids are opposite, the arrangement is described as counter current. A 

plate heat exchanger is shown in the Figure below. 

 

Figure 7. Schematic diagram of a plate heat exchanger 
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7 Chillers Technology Options 

The central idea of the project is to explore the potential of using waste heat to provide refrig-

eration for cold stores in conveniently located sites where there is felt need for storage space. 

Unreliable grid power and expensive electricity has had negative impacts on the feasibility of 

conventional cold storage plants. Hence, the need for interventions to introduce state-of-the-

arts technologies that can eliminate the unreliability of energy supplies, reduce operating costs  

of cold storage plants and ensure the sustainable use of energy.  

The project aims at developing a program to revamp the Bangladesh cold storage industry 

within a framework that involves new technologies, new sources of energy and new refrigera-

tion techniques in a financially viable manner.   

7.1 Refrigeration techniques 

Refrigeration may be defined as the process of achieving and maintaining a temperature be-

low that of the surroundings, the aim being to cool some product or space to the required 

temperature. One of the most important applications of refrigeration has been the preservation 

of perishable food products by storing them at low temperatures. 

7.2 Natural Refrigeration  

In olden days refrigeration was achieved by natural means such as the use of ice or evapora-

tive cooling. In earlier times, ice was either:  

1. Transported from colder regions,  

2. Harvested in winter and stored in ice houses for summer use or,  

3. Made during night by cooling of water by radiation to stratosphere.  

In Europe, America and Iran a number of icehouses were built to store ice. Materials like 

sawdust or wood shavings were used as insulating materials in these icehouses. Later on, cork 

was used as insulating material. Literature reveals that ice has always been available to aris-

tocracy who could afford it. In India, the Mogul emperors were very fond of ice during the 

harsh summer in Delhi and Agra, and it appears that the ice used to be made by nocturnal 

cooling. 

7.3 Evaporative Cooling 

As the name indicates, evaporative cooling is the process of reducing the temperature of a 

system by evaporation of water. Human beings perspire and dissipate their metabolic heat by 

evaporative cooling if the ambient temperature is more than skin temperature. Animals such 

as the hippopotamus and buffalo coat themselves with mud for evaporative cooling. Evapora-
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tive cooling has been used in India for centuries to obtain cold water in summer by storing the 

water in earthen pots. The water permeates through the pores of earthen vessel to its outer 

surface where it evaporates to the surrounding, absorbing its latent heat in part from the ves-

sel, which cools the water. 

7.4 Vapour absorption refrigeration 

Vapour Absorption Refrigeration Systems (VARS) belong to the class of vapour cycles simi-

lar to vapour compression refrigeration systems. However, unlike vapour compression 

refrigeration systems, the required input to absorption systems is in the form of heat. Hence 

these systems are also called as heat operated or thermal energy driven systems. Since con-

ventional absorption systems use liquids for absorption of refrigerant, these are also 

sometimes called as wet absorption systems. Since these systems run on low-grade thermal 

energy, they are preferred when low-grade energy such as waste heat or solar energy is avail-

able. Since conventional absorption systems use natural refrigerants such as water or 

ammonia they are environment friendly. 

Vapour absorption refrigeration systems using water-lithium bromide pair are extensively 

used in large capacity air conditioning systems. In these systems water is used as refrigerant 

and a solution of lithium bromide in water is used as absorbent. Since water is used as refrig-

erant, using these systems it is not possible to provide refrigeration at sub-zero temperatures. 

Hence it is used only in applications requiring refrigeration at temperatures above 0°C.  

Basic principle of absorption cooling  

The technology proposed for the project is the Water-Lithium Bromide Vapor Absorption Re-

frigeration System. In such a system, water is used as the refrigerant while lithium bromide 

(Li Br) is used as the absorbent. In the absorber, the lithium bromide absorbs the water refrig-

erant, creating a solution of water and lithium bromide. This solution is pumped by the pump 

to the generator where the solution is heated. The water refrigerant gets vaporized and moves 

to the condenser where it is cooled while the lithium bromide flows back to the absorber 

where it further absorbs water coming from the evaporator. 

Below is a description of the main parts of the system:  

1) Evaporator: Water as the refrigerant enters the evaporator at a very low pressure and tem-

perature. Since very low pressure is maintained inside the evaporator the water exists in a 

partial liquid state and partial vapour state. This water refrigerant absorbs the heat from the 

substance to be chilled and gets fully evaporated. It then enters the absorber. 

2) Absorber: A concentrated solution of lithium bromide is available in the absorber. Since 

water is highly soluble in lithium bromide, solution of water-lithium bromide is formed. This 

solution is pumped to the generator. 
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3) Generator: Heat is supplied to the refrigerant water and absorbent lithium bromide solu-

tion in the generator from the steam or hot water. The water becomes vaporized and moves to 

the condenser, where it gets cooled. As water refrigerant moves further in the refrigeration 

piping and though nozzles it’s pressure is reduced along with the temperature. This water re-

frigerant then enters the evaporator where it produces the cooling effect. This cycle is 

repeated continuously. Lithium bromide on the other hand, leaves the generator and re-enters 

the absorber for absorbing water refrigerant 

When a solute such as lithium bromide salt is dissolved in a solvent such as water, the boiling 

point of the solvent (water) is elevated. On the other hand, if the temperature of the solution 

(solvent + solute) is held constant, then the effect of dissolving the solute is to reduce the va-

pour pressure of the solvent below that of the saturation pressure of pure solvent at that 

temperature. If the solute itself has some vapour pressure (i.e., volatile solute) then the total 

pressure exerted over the solution is the sum total of the partial pressures of solute and sol-

vent. If the solute is non-volatile (e.g. lithium bromide salt) or if the boiling point difference 

between the solution and solvent is large (≥ 300°C), then the total pressure exerted over the 

solution will be almost equal to the vapour pressure of the solvent only. In the simplest ab-

sorption refrigeration system, refrigeration is obtained by connecting two vessels, with one 

vessel containing pure solvent and the other containing a solution. Since the pressure is al-

most equal in both the vessels at equilibrium, the temperature of the solution will be higher 

than that of the pure solvent.  

This means that if the solution is at ambient temperature, then the pure solvent will be at a 

temperature lower than the ambient. Hence refrigeration effect is produced at the vessel con-

taining pure solvent due to this temperature difference. The solvent evaporates due to heat 

transfer from the surroundings, flows to the vessel containing solution and is absorbed by the 

solution. This process is continued as long as the composition and temperature of the solution 

are maintained and liquid solvent is available in the container. 

7.5 Introduction to absorption chiller technology 

Refrigeration is a process of extracting heat from a low temperature medium and transferring 

it to a high temperature heat sink. Refrigeration maintains the temperature of the heat source 

below that of its surroundings while transferring the extracted heat to a heat sink. This opera-

tion finds applications in many industries ranging from process, engineering, manufacturing, 

medical, dairy and confectionery, to beverage, hospitality, education and commercial estab-

lishments. 

Absorption chillers, instead of using electricity (high grade energy), use heat as energy source 

which is low grade energy. The energy source may be steam or hot water, or it may even be 

waste heat like in exhaust gases from an engine (gas or oil based). The market offers a wide 

range of solutions for each of these sources of energy representing a major advance in the Ab-

sorption Chilling Technology. Hot water absorption chillers are eco-friendly and help in 
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reducing CO2 emissions because these use heat input from low grade sources like engine 

jacket cooling water or water from solar heaters etc. 

Lithium bromide (LiBr) absorption chiller adopts water instead of Freon as refrigerant, utiliz-

es waste heat as major driving source and thus only helps to protect environment but also has 

the potential to save energy.  

 

Working principle 

The boiling point of water is directly proportional to pressure. At atmospheric pressure, water 

boils at 100°C. At a lower pressure, it boils at a lower temperature.  

To change water from liquid to vapor it has to be heated. The water absorbs the applied heat 

and its temperature starts rising, until it reaches the boiling point. At boiling point, the tem-

perature remains constant but liquid water vaporizes.  The heat required to change the phase 

of a liquid to vapor is called the Latent heat of Vaporization. Similarly the heat rejected the 

vapors during condensation is called the Latent Heat of Condensation. 

For the LiBr-water system, the absorption varies directly in proportion with the solution con-

centration and inversely with the solution temperature. LiBr is a water soluble chemical, and 

LiBr - water solution (used as refrigerant) has an inherent property to absorb water due to its 

chemical affinity. Also, there is a large difference between vapor pressure of LiBr and water. 

This means that when the LiBr water solution is heated, the water will vaporize but the LiBr 

will stay in the solution and become more concentrated. 

Features of Li Br absorption chillers in a nutshell:  

 Employs heat and a concentrated salt solution (lithium bromide) to produce chilled 

water. 

 Eliminates ozone depleting refrigerants. Water is the refrigerant; lithium bromide is 

the absorbent. 

 Uses the lithium bromide solution’s high affinity for water (hygroscopic properties) to 

create a high vacuum in the evaporator/absorber. The vacuum causes the refrigerant 

(water) to boil at 2˚C. 

 Absorption refrigeration cycle uses very little electricity compared to an electric mo-

tor-driven compression cycle chiller. 

 Allows use of variable heat sources: directly using a gas burner, recovering waste 

heat in the form of hot water or low-pressure steam, or boiler-generated hot water or 

steam. 

 Available in flexible configurations.  
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Advantages of absorption chillers: 

 Electric power consumption is only 1/20 - 1/10 of a vapor compression type chiller. 

 Contributes to prevention of environmental pollution by introducing non-freon refrig-

erant. 

 The system is safe since it is operated under vacuum state. 

 Saving installation area, reducing required installation area by 40%. 

 Operating characteristics under a partial load are excellent. 

 

7.6 Different types of Lithium Bromide Absorption Chillers 

7.6.1 Steam Operated Lithium Bromide Absorption Chillers 

Provides cooling for air conditioning and industrial process, uses steam as driving energy, fits 

in power plant with abundant steam source, chemical companies and cities with heat pipeline 

system, etc, where also needs cooling in summer and chilled water for processing. 

 

Function  

Cooling only, provide chilled water with temperature ≥5℃; 

Energy: Steam with pressure from 0.1Bar to 8Bar 

 

Figure 8. Example of steam absorption chiller 
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The steam absorption chiller represents one of the most popular units to use waste heat to 

produce chilled water. Its resulting water temperature ranges from 5°C to 7°C, suitable for use 

in the central air conditioning system or industrial process or cold storages. 

The lithium bromide absorption unit uses water as refrigerant and lithium bromide as absor-

bent. It is typically made up of the high-pressure generator, low-pressure generator, 

condenser, evaporator, absorber and heat exchanger. Its auxiliary parts include the vacuum 

pump, purging unit, canned motor pumps (solution pump and refrigerant pump). Heat is 

transferred in the shell and tube heat exchanger. Via the vacuum pump and purging unit, the 

whole refrigeration process can be carried out in vacuum. 

It is used in the high-precision machinery manufacturing, instruments, aerospace, textile, elec-

tronics, power generation, metallurgy, pharmaceutical, cigarette, chemical engineering, and 

food industries.  

7.6.2 Hot Water Operated Lithium Bromide Absorption Chiller 

Provides cooling for air conditioning and industrial process by using hot water as driven ener-

gy, fits in industry companies and places with abundant hot water where needs cooling in 

summer and chilled water for processing. 

Function: Cooling only, provide chilled water with temperature ≥5℃; 

Energy: Hot water with temperature ≥68℃, solar hot water is available. 

Energized by hot water, this two-stage absorption chiller uses lithium bromide as absorbent, 

with water utilized as refrigerant. Specification on the temperature range of hot water is 68°-

130°C non-standard specifications are available to suit special temperature requirements be-

yond that range. The resulting chilled water is at temperatures between 5°C and 7°C, suitable 

for cooling or industrial process. 

Using waste hot water to produce useful chilled one is an effective way to recover waste heat. 

For areas where there is plenty of hot water, a two-stage hot water absorption chiller greatly 

reduces the use of electricity, saves considerable amount of operating costs, and smoothes out 

the differences between varying electrical loads.  

Hot water absorption chillers are applied in power generation, high-precision machinery 

manufacturing, instruments, aerospace, textile, metallurgy, pharmaceutical, cigarette, chemi-

cal engineering, food and other industries. 
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Figure 9. Example of hot water powered absorption chiller 

 

7.6.3 Flue Gas Operated Lithium Bromide Absorption Chiller 

Provides cooling for air conditioning and industrial process by using high temperature flue 

gas as driven energy which mainly used for tri-generation system (CCHP/BCHP) adopting 

gas turbine (including micro turbine) as power generator, also fits in places with exhausting of 

high temperature flue gas, such as industrial furnace. 

Function: Cooling only, provide chilled water with temperature ≥5°C; 

Energy: Flue gas only;: flue gas from Power Generator or industrial furnace driven by diesel, 

natural gas, LPG, LNG with exhausted temperature from 250°C to 600°C. Flue Gas + Make-

up Burner Flue Gas + Make-up Steam Flue Gas + Jacket Water Flue Gas + Jacket Water + 

Make-up Burner Flue Gas + Make-up Steam + Make-up Burner Flue Gas + Jacket Water + 

Make-up Steam + Make-up Burner 

Suitable flue gas for absorption chiller should contain no black smoke, dust or corrosive mat-

ters with temperature of equal to or above 250°C. With backup burners (gas, oil, or duel fuel 

burners) and/or hot water above 90°C, 7°C (or above, minimum 5 °C) chilled water can be 

easily produced, which is used for cooling or in the industrial process.  

Flue gas fired chiller can be a critical part of the tri-generation system. In the tri-generation 

system, the generator is used to produce electricity while exhaust heat is utilized as the driv-

ing energy of the absorption chiller, which is to provide heating or cooling, typically for 

residential communities or commercial buildings. The combined heating, cooling and power 

increase resources capacity utilization and overall efficiency up to 85%. 
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Figure 10. Example of flue gas fired absorption chiller 

7.6.4 Direct Fired Lithium Bromide Absorption Chiller 

Provides cooling and heating for air conditioning and industrial process, burns oil or gas to 

get burning heat as driving energy, fits in industry, commercial usage and civil usage places 

with abundant oil or gas, where also needs cooling in summer, heating in winter. 

Function: Provide cooling and domestic hot water simultaneously; 2. Provide heating and 

domestic hot water simultaneously, 3. Cooling only, provide chilled water with temperature 

≥5°C; 4. Heating only, provide hot water with temperature ≤ 90°C; 5. Sanitary hot water only. 

Fuel input: Diesel, Petrol Gas, Natural Gas, Biogas, LPG. LNG 

The energy-efficient absorption unit is energized by the heat from directly burning light oil, 

heavy oil, manufactured gas or natural gas. By using heat of different grades, the chiller can 

produce chilled water at temperatures between 5°C and 7°C. 

The resulting water is most commonly used in the air conditioning system.  

 

Figure 11. Example of direct fired absorption chiller 
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7.7 Combined heating and power and tri-generation systems 

Combined heating and power (CHP) systems are based on the concept of producing electrical 

energy and recovering rejected heat for useful purposes. Compared with conventional power 

plants, CHP systems can improve overall energy efficiency from 30% to 70% or more. CHP is 

effective in large- scale industrial plants, hospitals, university campuses, and urban district 

energy systems. Recent developments in small-scale power generation, heat recovery, and 

heat-driven refrigeration technologies make possible the installation and effective operation of 

CHP in residential and small commercial applications. 

Heat Utilization 

The table below illustrates the temperature range of rejected thermal energy from typical 

power generators and heat recovery units. Among them, a solid oxide fuel cell (SOFC) gives 

the highest exhaust gas temperature for heat recovery and utilization.  The hot water tempera-

ture from solar collectors varies with the type of collector.  Solar collectors with parabolic 

trough reflectors can generate hot water up to 180 °C; integrated compound parabolic collec-

tors, ICPC’s, 140 to 160 °C; flat plate collectors, 65 to 90 °C. 

Table 17: Power generation equipment rejected heat temperature ranges 

No. Power Generation Equipment, Waste Stream Temperature (°C) 

1 Solid Oxide Fuel Cell Exhaust 700-800 

2 Reciprocal Engine Exhaust 600-650 

3 Molten Carbonate Fuel Cell Exhaust 600 

4 Gas Turbine Exhaust 510-540 

5 Microturbine Exhaust 230-315 

6 HRSG Exhaust 175 

7 Reciprocal Engine Jacket Water 80-95 

8 Phosphoric Acid Fuel Cell 80 

9 Solar Thermal Collector 65-180 

 

The next table shows typical temperature ranges for the heating medium to drive a water-

lithium bromide (LiBr) absorption chiller.  A single-stage hot-water-driven chiller can use 

heat at a temperature as low as 75 °C.  Both tables show that an absorption chiller can be 

found to use heat from a wide range of sources. Because of its higher thermal efficiency, this 

study focuses on a two-stage absorption chiller and its appropriate sources of rejected heat. 
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Table 18: Water-LiBr absorption chiller thermal energy types and temperature ranges 

No. Heat-driven Absorption Chiller Type Pressure (kPa) Temperature (°C) 

1 Direct-fired fossil fuel (natural gas, oil, LPG 

etc.) 

- 1,000 – 1,800 

2 Double-stage exhaust gas - 400 - 600 

3 Single-stage exhaust gas - 230 - 350 

4 Double-stage steam 400 – 1,000 144 - 180 

5 Single-stage steam 100 - 400 103 - 133 

6 Double-stage hot water 350 – 1,100 140 - 200 

7 Single-stage hot water 40 - 200 75 - 120 

7.8 Applications of absorption chillers in selected industries 

Table 19: Applications of absorption chillers in selected industries 

Industry Available energy Absorption Application Type of Chiller 

Petroleum and 

Chemical 

Waste Heat Uses heat from desalinating 

and distillation processes 

Hot water or low 

pressure steam 

Pulp Mill Steam  Uses heat from the combus-

tion of bark and lignin 

Low pressure steam 

District Energy Steam Uses low and high pressure 

district steam 

Steam chiller 

Waste incinerator Host exhaust Uses recovered heat from hot 

exhaust 

Hot water and low-

er pressure steam 

Landfill gas Gas Uses heat from methane gas 

burners or methane fired boil-

ers 

Hat water, low 

pressure steam or 

direct firing 

Combined Heat 

and Power (CHP) 

Hot exhaust, hot 

water 

Uses heat recovered from ex-

haust gas and/or engine 

coolant 

Hot water or steam 

Thermal Power Hot exhaust, 

steam 

Uses heat recovered from ex-

haust gas and/or engine 

coolant;  

Produce chilled water to pre-

cool the incoming air of the 

gas turbine/engine, reducing 

fuel consumption and increas-

ing power output 

Flue Gas Fired Ab-

sorption Chiller or 

Steam Fired Ab-

sorption Chiller 
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7.9 Absorption Chiller Application in Co-Generation or Tri-Generation 

As electricity costs rise, producing power at the point of use is far more economical and relia-

ble than generating and transmitting electricity from a remote power plant. In fact, a facility 

operating a local cogeneration or Combined Heating and Power (CHP) plant that produces 

electricity and heat is about three times more efficient, and it reduces greenhouse gases by 

similar amounts. But to realize these benefits, all the heat by-products of cogeneration must 

be used all the time. Using the heat from a CHP system is usually straightforward during win-

ter, but this same heat can be used in summer months to drive an absorption chiller to provide 

chilled water for cooling. In a Combined Heating & Power plant, the prime mover is used to 

run a generator to produce electricity.  

The prime mover (engine or turbine) gives off a large proportion of heat in the form of engine 

coolant and exhaust gases. This thermal energy is captured and used to provide a source for 

either heating or, when used with an absorption chiller, cooling. Careful sizing of the CHP 

system is necessary to match the CHP outputs to the building cooling, heating and power re-

quirements as they change. The economics and environmental benefits of CHP are maximized 

when all the thermal and electrical output is utilized throughout the year so no energy goes to 

waste.  

7.10 Absorption chiller in the projects context 

From above considerations it becomes obvious that either steam, flue gas or hot water pow-

ered absorption chillers are deemed most appropriate in the projects context, the final 

recommendation will however depend on the specific pilot locations available waste heat and 

power plant technology.  
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8 Assessment of Power Plants Waste Heat Potential  

8.1 Background 

Present Government of Bangladesh has been keen on efficient use of Energy Resources and 

has already institutionalized the efforts by forming a Sustainable Renewable Energy Devel-

opment Authority (SREDA), one of the mandates being for attaining higher energy efficiency.  

Bangladesh being a developing country with limited reserve of primary fuel has been strug-

gling hard to cater to the needs for development in terms of power. Generation of more power 

has thus become a priority to put the engine of development running towards desired growth. 

Earlier, unfortunately, the need for power generation for development outpaced the quantum 

of power generation. In the backdrop of this situation, the present Government undertook 

short, medium and long term policies towards boosting power generation consistent with de-

velopment needs. The short and medium term measures proved productive and the situation 

has eased substantially. The long term policy is highly ambitious based on coal as primary 

fuel and also nuclear power generation. The lone dependence on indigenous natural gas as 

source of primary fuel has substantially depleted its reserve. 

8.2 Power plant technology in Bangladesh 

Technologically, the process of conventional power generation involves transformation of 

energy with thermal energy in the primary fuel transformed into mechanical energy which, in 

turn, transforms into electrical energy. This process of energy transformation technologically 

is associated with inevitable energy losses. Choice of technology can, however, helps in at-

taining higher efficiency. Three types of power plants are predominant in Bangladesh, the 

table lists their typical efficiency, exhaust heat and average availability:  

Table 20: Power Plant Types  

Power Plant Type Efficiency in % Exhaust Temp.  in °C Availability in % 

Simple Cycle Power 

Plant(SCPP) 

30-37 550-650 70 Plus (Average) 

Combined Cycle Power 

Plant(CCPP) 

58 130-150 70 Plus (Average) 

Stem Turbine Power 

Plant (STPP) 

36-40 180-220 70 Plus (Average) 

The amount of heat lost through stack to the atmosphere as shown in table above in terms of 

temperature in degree celcius is generally known as waste heat polluting the air. This heat has 

also value, but it finds no useful purpose rather doing harm to the nature. The purpose of this 
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study is to recover this heat and make best use of the same in the system of cold storage 

thereby reducing the cost for operation of the system. This effort is consistent with the policy 

of the present government with regards to achieving higher energy efficiency in power pro-

duction.  

8.3  Desk survey 

As noted above, power plant units throughout Bangladesh are the sources of waste heat to be 

recovered for useful purposes. As of February 2016, the power sector of Bangladesh generates 

power to the tune of 12,071 MW(System Planning Dte BPDBInstalled Capacity) through dif-

ferent power plants with generating units of different sizes and types. Based on the actual 

generation against installed capacity, AVAILABILITY of the power plants is found to be more 

than 70% on an average. The desk survey report for power plants would be divided as per the 

following cases:   

CASE-1: Particular areas known as power hubs containing a cluster of plants, mostly base 

load plants, 

CASE-2: One particular power plant located in one particular area spread throughout the 

country, most peaking power plants; this case is excluded from the further study, as it is not 

compliant with the projects TOR;  

CASE-3: Planned power plants big in size with mostly imported coal as fuel to be located in 

coastal areas of Bangladesh. Some will be based on LNG and two nuclear; this case is ex-

cluded from the further study, as it is not compliant with the projects TOR;  

For CASE-1, a total of fifteen power hubs were identified, as listed below.  

CASE-1 Power Station Complexes:  

 Siddhirganj Power Station Complex  

 Haripur Power Station Complex  

 Meghnaghat Power Station Complex  

 Ghorashal Power Station Complex  

 Ashuganj Power Station Complex  

 Chittagong Power Station Complex  

 Shikalbaha Power Station Complex  

 Fenchuganj Power Station Complex  

 Shahjibazar Power Station Complex  

 Sirajganj Power Station Complex  

 Bheramara Power Station Complex  

 Khulna Power Station Complex  
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 Baghabari Power Station Complex  

 Barapukuria Power Station Complex  

 Sylhet Power Station Complex  

Our current survey under case-1 covers existing, under construction and planned units in the 

respective complexes, with emphasis on the existing and operating power plants that are gov-

ernment owned. Almost all the complexes are located beside mighty rivers of the country.  

8.4 Short listing Recommendation from CASE-1 

Bangladesh Power Sector has two zones, namely, East Zone and West Zone, separated by the 

mighty Jamuna river. Initially, two zones were isolated with no interconnection between the 

zones. Power grid interconnection was established during late 1970 thus eliminating the isola-

tion between the two zones.  

The East Zone is again unique, as all the gas fields of the country have been discovered here 

and the zone is also industrially rich. Thus most of the power station complexes grouped 

above are located in the East zone with only five (5) complexes, namely, complexes 

J(Sirajganj), K(Bheramara), L(Khulna), M(Baghabari) and N(Barapukuria) located in the 

Western Zone. The Western Zone is, however, rich in agricultural products. 

Out of the ten (10) complexes in the East Zone, the biggest ones are Complex A (Siddhir-

ganj), Complex B (Haripur), Complex C (Meghnaghat), Complex D (Ghorashal) and 

Complex E (Ashuganj) are concentrated within around 100 KM of the Meghna and Sitala-

khya rivers. Complex A and Complex B are on either side of the Sitalakhya. 

Based on the features as noted, we initially proposed the following eight (8) complexes for 

consideration of waste heat recovery. 

Table 21: Initially selected 8 power complexes  

ZONE NAME COMPLEX  NAME AREA NAME 

East A or B Siddhirganj or Haripur 

East D Ghorashal 

East E Ashuganj 

East G Shikalbaha 

East H Fenchuganj 

West N Barapukuria 

West M Baghabari 

West L Khulna 
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8.5 First field trip 

After visiting some real life examples of heat powered absorption chillers – powered through 

waste heat of power generation from engine generators at industry sites, at a comparatively 

smaller scale of 1-2 MW per unit, the first field visit to power plants was planned. 

In our initial study of the power sector, we had identified 15 power hubs containing govern-

ment owned power plants for further consideration. In a consultation with the system 

planning department, we were advised to prioritize 5 of those power hubs, as these were 

deemed most appropriate based on their considerations:  

1.       Fenchuganj Power Station   

2.       Ashuganj Power Station  

3.       Siddhirganj Power Station  

4.       Baghabari Power station  

5.       Barapukuria Power Station  

Based on the recommendation of the system planning department and taking into account our 

own initial findings, we decided to visit the following three power hubs at first, as they repre-

sent the majority of plant types found in Bangladesh:  

 Fenchuganj Power Station 

 Ashuganj Power Station 

 Shahjibazar Power Station 

Some details about the visited plants:  

• Fenchuganj Power Station 

– CCPP-1: 97 MW (2x32 Gas Turbines + 33 Steam Turbine) 

– CCPP-2: 104 MW (2x35 Gas Turbines + 34 Steam Turbine)  

• Ashuganj Power Station  

– 5 Steam Turbines (2x64, 3x150 MW capacity) 

– 195 MW Modular Plant 

– 50 MW engine generators 

– 56 MW Gas Turbine  

• Shahjibazar Power Station   

– 35 MW SC  

– 35 MW SC 
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In summary, apart from coal fired power plants that shall be part of future assessments, all 

major power plant types were visited during the field visit, including Gas Turbines, Steam 

Turbines, Modular Plant and engine generators as well as a simply cycle plant.   

The detailed findings of the field trip are discussed in the next chapters. However the field trip 

allowed for the development of a mutual understanding between the multi-disciplinary team 

members working on this study, and lead to the development of a form to collect the relevant 

information from all other relevant power complexes in a standardized format.   

8.6 Format to collect waste heat information  

As a result of the field trip, the below format was developed to collect all relevant information 

from the other power complexes. The next steps will comprise to apply the format and collect 

the required information from the relevant power station complexes.  

Activities remaining cover the following:  

 Conduct system analysis of remaining power hubs;  

 Collect relevant actual operation data (where applicable), of the power plants that are 

deemed technically suitable for waste heat recovery, including but not limited to fol-

lowing: 

o pressure of steam, number of stages of the system; possibility to use extract 

steam, and where applicable, check on the utilization of extract steam for 

other purposes;  

o Gas turbines/engine generators: actual information on exhaust gas tempera-

tures and flow rates;  

o Where applicable: Jacket water in- and outlet temperature;  

 With support from Chinese experts, carry out calculations to determine cooling poten-

tial for each individual site.  
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Figure 12. Form to collect relevant information on recoverable waste heat 
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9 Assessment of Available Waste Heat for Recovery  

9.1 Concept  

Trigeneration, or combined heat, power and cooling (CHPC), is a method for generating pow-

er more efficiently. Essentially, it recycles waste energy to a) produce heat and/or b) cooling 

as a by-product, thereby increasing thermal system efficiencies dramatically, as shown in the 

figure below. Trigeneration is the combination of a Cogeneration system and an Absorption 

Chiller which converts gas into electricity, heating and cooling. The waste heat from the Co-

generation system can be converted into chilled water for air conditioning, refrigeration or 

other cooling purposes. Cogeneration and Trigeneration provides substantial cost savings, 

significantly improved energy efficiency and up to 50% lower carbon emissions. 

In case of a engine generator, two sources of waste heat can be recovered: flue gases at high 

temperatures plus 500 °C and Jacket Water at lower temperatures, below 100 °C. In the case 

of a gas turbine, flue gases can be utilized to power the absorption chiller, either directly in 

case of employing a flue gas absorption chiller, or through conversion of steam, to power a 

steam operated absorption chiller.  

In tropical climates such as in Bangladesh, demand for heating may not exist at a particular 

location; in those cases we propose a co-generation system producing electricity and cooling 

only.  

 

Figure 13. Co-Gen, Tri-Gen CCHP Systems with Absorption Chillers  

http://simonsboiler.com.au/wp/product/cogeneration-combined-heat-power/
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9.2 Example application of absorption chiller 

 

Figure 14. Flue Gas+hot water+burner : Zee Telifilms Ltd. at Noida India  2MW  

9.3 First field mission 

This projects’ focus is on the research of nature of the available waste heat from power plants, 

to run absorption chiller power cold storages. This includes the study of the temperature, vol-

ume output, and other characteristics of the power plants waste heat, to determine the types 

and characteristics of waste heat that can be utilized to provide a basic design of the construc-

tion of a mass and temperature separate controlled storage (MTSCS). 

From June 6, 2015 - June 8, we researched three natural gas plants. They include Ashuganj 

power station complex, Fenchuganj power plants and Shahjibazar power plants. The follow-

ing table provides an overview of the power plant types that were covered at those three sites. 

Table 22: Power complexes visited during the first field mission 

Power Hub / Location Power Plant Type 

 Fenchuganj Power Station  Gas Turbines 

 Steam Turbine 

Ashuganj Power Station  Steam Turbines 

 195 MW Modular Plant 
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Power Hub / Location Power Plant Type 

 50 MW engine generators 

 56 MW Gas Turbine 

Shahjibazar Power Station  Simple Cycle 

9.4 Ashuganj power plant 

Ashuganj power plant, located in B.BARIA, is a power hub with generating units of single 

cycle and combined cycle units. There are 5 steam turbines (64 WW×2, 150 MW× 3), one set 

of 53 MW gas engine generator and one 56MW gas turbine. 

 

（1）Single cycle gas generating system of Anshuganj power plant 

 

Figure 15. The working principle of single cycle power plant of Ashuganj 

 

At the Ashuganj power plant complex, there are 16 sets of Jenbacher gas engines, each with a 

capacity of 3.33MW, resulting in a total capacity of 53MW. The waste gas temperature of 

each engine is 450°C, the flow rate is 17089kg/h.  For the proposed project, the waste gas en-

ters the waste heat boiler, which is then transferred to the steam absorption chiller unit using 

the steam to produce cold water. The cold water is then used to run the cold storage. By calcu-

lation, the exhaust gas generated by the 16 engines can be converted to 28 MW of cooling 

capacity. 
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Figure 16. Ashuganj 50MW gas engines 

 

Figure 17. Ashuganj meeting to discuss power plant 
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Figure 18. Principle of boiler waste heat recovery 

 

（2）Use of Ashuganj power plant jacket water 

In addition to gas, Ashuganj is producing hot water in the process running the gas generators. 

The hot water inlet temperature is around 60°C, the outlet temperature is 90 °C. The flow rate 

is 55m3 per hour•set. If using the hot water, the amount of 11MW cooling can be generated. 

 

Figure 19. Principle utilizing Anshuganj power plants jacket water 
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（3）Combined cycle unit at Anshuganj power plant 

 

Figure 20. Waste heat utilization at the combined cycle units in Anshuganj power plant 

 

The temperature of the waste gas produced by the gas turbine is 550℃of Anshuganj power 

plant combined cycle unit. Flue gas is used by boiler to produce steam. The steam pressure is 

44bar and the flow rate is 90t/h. Steam driven steam turbine generator. If steam (pressure of 

about 3-8bar) could be extracted for using on the absorption type cooler. Maximum available 

refrigeration capacity is 74MW. 

After calculation, if the waste heat of Anshuganj power plant is completely utilized, the total 

amount of cooling capacity of 113MW. 

 

Conclusions of Ashuganj power plant site 

1. For Ashuganj Power Plant:  There are 16 units Jenbacher gas engines, each capacity 

is 3.33MW. Total is around 53MW ; each engine released exhaust gas temp. is 450 

DC with 17089 kg/h , by utilizing these exhaust gas , roughly can get 28 MW cooling 

capacity by Co-generation system. 

2. Apart from the exhaust gas, another type waste heat is carried out by jacket water of 

their gas engine, the jacket water inlet/outlet temp. is 60/90 DC with 55 m3/h/units, 
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by utilizing these jacket water heat, roughly can get 11MW cooling capacity uitilizing 

Co-generation system. 

3. As a conclusion, the total available cooling capacity from their 16 units gas engine 

will be around 39MW. 

4. For system 3, if access to the extract steam (pressure can be 3-8 bar roughly) can be 

granted, there is a maximum of 74MW cooling capacity, but it depends on the access 

and amount of extract steam made available. 

9.5 Fenchuganj Power Plant 

Fenchuganj Power Plant is located in Sylhet. Generators are mainly gas and steam turbines. 

All of them are combined cycle generating units (CCHP). Combined cycle is divided into two 

types by the characteristics of flue gas temperature and steam flow. 

（1）Fenchuganj power plant circulating unit 

 

Figure 21. Fenchuganj power plant 
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Figure 22. Fenchuganj power plant control room 

 

Figure 23. Fenshuganj CCHP-1-1 

 

Figure 24. Fenshuganj CCHP-1-2 
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Figure 25. Fenshuganj CCHP-2-1 

 

 

Figure 26. Fenchuganj CCHP-2-2 
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Conclusion for Fenchuganj Power Plant 

1. For system 4 and 5 are the two variants for their CCHP -1, while system 6 and 7 are the 

two variants for their CCHP-2 

2.  Technically speaking, by the steam from their boiler or the extract steam , there are maxi-

mum 190MW cooling capacity, but it depends on whether we can get access to the steam 

from their boiler and the extract steam, and how much steam exactly can be used by us. 

To conclude, technically speaking, the extracted by steam boiler or steam, the maximum cool-

ing capacity of Fenchuganj power plant can get to 190MW. 

9.6 Shahjibazar Power Plant 

Shahjibazar power plant is located in Habiganj. It is the single cycle gas turbine unit with two 

GE 6001 gas turbines. The flue gas temperature is 540℃, flow is 471600 kg/h. If the full uti-

lization of the waste heat can be obtained, the cooling capacity could reach140MW. 

 

 

Figure 27. Shahjibazar power plant 
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Figure 28. Power Conference to discuss Shahjibazar 

 

 

Figure 29. Principle of Shahjibazar power plant waste heat utilization 
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Conclusion for Shajibazar 

Currently there are 2 units GE 6001 gas turbine with single circle in Shajibazar,  exhaust gas 

temp. is 540 DC, flow rate is 471,600kg/h, roughly can get 70 MW cooling capacity if utilize 

all the waste heat from exhaust gas.  

9.7 Evaluation of the waste heat utilization potential for cooling 

Taking the combined cycle unit of Ashuganj power plant as an example, the steam flow rate is 

78t/h. It is assumed that the steam pressure of 3-8 bar is used to run the lithium bromide re-

frigeration unit. The cooling capacity of the unit is 5230KW, the water inlet and outlet water 

temperature is 12°C→7 °C, and the water flow is 900m3/h. Steam flow required for the unit 

is 5580kg/h. 

The maximum cooling capacity that can be used for the calculation of the unit leads to the 

following calculation: 

Cooling capacity ：Q0=78/5.58× 5230KW=73107KW = 74MW 

Therefore, if all waste heat is used, the refrigeration capacity of the combined cycle unit can 

be 74MW. 

The same approach was used for the calculation of the other sites, the summary of the as-

sessment is shown the tables below. 

9.8 Summary of waste heat for cooling potential 

Ashuganj Power Station in   Brahmanbaria district 

Table 23: Ashuganj Power Station initial findings 

No  Waste heat source and chiller 

type 

Potential cooling provided 

through chiller (MW) 

Potential Cold storage 

capacity (MT) 

1.1 SC gas engine with steam chiller 24 120,000 

1.2 SC gas engine with hot water 

chiller  

11 55,000 

1.3 Combined cycle gas engine with 

steam chiller 

74 370,000 
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Shahjibazar Power Station, Habiganj district 

Table 24: Shahjibazar Power Station initial findings 

No  Waste heat source and chiller 

type 

Potential cooling provided 

through chiller (MW) 

Potential Cold storage 

capacity (MT) 

1 Single Cycle gas turbine with 

steam chiller 

140 700,000 

 

Fenchuganj Power Station in Sylhet 

Table 25: Fenchuganj Power Station initial findings 

No  Waste heat source and chiller 

type 

Potential cooling provided 

through chiller (MW) 

Potential Cold storage 

capacity (MT) 

1 Combined cycle with steam 

chiller 

190 950,000 

 

9.9 Other sites considered 

A second field visit took place on November 22 to visit Siddhirganj Power Station. Simulta-

neously the waste heat data of Barapukuria and Baghabari was collected through other means, 

with the support of the local power plant expert on the team.  
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Figure 30. Siddhirganj 2x120 MW EGCB    

 

 

Figure 31. Single Cycle Gas turbine with Steam chiller for Siddhirganj 

 

Conclusion for Siddhirganj  

 

1. For System 7 EGCB 2*120MW Peaking Power Plant:  There are 2 units GE9E gas 

turbines, each with a capacity of 120MW; currently they are running at 108 MW 

each. The turbine released exhaust gas temp. is 580 DC with 1346t/h. By utilizing this 

exhaust gas, we can get about 230 MW cooling capacity by Co-generation system. 
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2. For STPS 210MW Steam Turbine Power Plant: There is the steam from the boiler, 

638t/h, 130bar. However, the engineer in this plant told us they will not accept to use 

this steam to produce cooling instead of electricity. And there is also extraction steam 

(16.7t/h, 12.8bar) from the steam turbine. If we get access to get extraction steam, we 

can get roughly 15.7MW cooling capacity. 

Barapukuria coal fired station shows potential for extract steam utilization, if access can be 

granted, where Baghabari power station shows a large potential of waste heat.  

9.10 Summary of findings of waste heat potential 

Four scenarios of waste heat recovery from power plants are considered:  

• Exhaust flue gas, e.g. from simple cycle  

• Extract low pressure steam from combined cycle, if access can be granted 

• Jacket water at temperature (of about 90°C ) through heat exchanger when turbine is 

engine operated (simple cycle) 

• High pressure steam from the boiler from combined cycle power plant or coal fired 

power plant 

The main findings of the waste heat potential assessment are summarized in below table.  

Table 26: Summary of Waste Heat Potential Assessment  

Power plant Name  Present system  Potential Waste Heat  

Ashuganj Power Station 1 50MW Engine Generating 

Sets  

32MW from flue gas and 

20MW from Jacket water  

Shahjibazar Power station 1 

and 2  

70MW Single Cycle  54MW from exhaust gas  

Siddhirganj Power Station 1  120*2MW Gas Turbine sin-

gle cycle  

143MW from exhaust gas  

Barapukuria power station  2x125 MW coal fired  Extract steam
11

  

Baghabari power station  71 MW and 100 MW  93 MW from 71MW power 

station; 169 MW from 

100MW power station  

Barapukuria power station  2x125 MW coal fired  Extract steam  

 

                                                      

11
 Extract steam is technically not considered to be waste heat; however when utilized as process heat 

or as input for an absorption chiller, the overall efficiency of the primary energy use can be largely im-

proved.  
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9.11 Conclusions and site recommendation for pilot 

We found that the potential of recoverable and useful waste heat is very large. When utilized 

for refrigeration alone it is abundant. However, there are issues relating to the access of the 

waste heat: 

Exhaust flue gas: conversion to steam through a boiler is required, which should be located 

as close as possible to the power plant to minimize transportation of the flue gas 

Low pressure extract steam: access and permission is required, also it needs to be consid-

ered that any extract steam will have an impact on power generation 

Jacket water: access and permission for use is required; some applications can use the jacket 

water directly (e.g. Absorption chillers) 

It is thus recommended to expand the scope of the next phase of the project to include other 

uses of waste heat and proposed to develop an integrated approach for the waste heat utiliza-

tion, to include other uses of vast waste heat potential for cogeneration. It may be considered 

to develop an industrial zone around the power plant complex for the most efficient use of the 

waste heat potential in an integrated way.  

There are many potential uses of cogeneration, some suitable examples for Bangladesh in-

clude:  

• Process cooling for industries such as spinning/yarn, kniting/composite 

– Spinning required cooling about 1RT (3,52KW) per 120 square feet 

– Kniting required cooling about 1RT (3,52KW) per 100 square feet 

• Air conditioning, for instance in textile factories 

– Textile factory required cooling about 1RT (3,52KW) per 20 square meters 

• Process heat for industries, such as yarn, knit, dying and demin 

–  Dying plant of the size 250,000 piece requires approximately process heat of 

5t steam 

 

Considering the waste heat potential, the two recommended sites for a pilot are 

Ashuganj Power Station 50MW engine generating gas turbines and Shahjibazar Power 

station. Below table summarized the rational for the decision and the main challenges to 

move forward.  
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Power plant Name  Rational  Challenges  

Ashuganj Power Sta-

tion  (50MW engine 

generators) 

Single cycle power 

plant, huge  amount of 

available waste heat  

To get the permission to access and use  

the waste heat from the power plant 

In order to use the waste heat, a waste 

heat recovery boiler needs to be installed, 

which should better be located inside the 

power plant to avoid unnecessary trans-

portation of the exhaust gas 

The  cold storage station should  be locat-

ed as close as possible to power plant to 

save the cost for transporting the steam 

Shahjibazar Power sta-

tion 1 and 2  

70MW Single Cycle  

 

 



 

 

Final Report:  Consulting Services on Feasibility Study of Waste Heat Recovery from Power Plants 

for Operating Cold Storages in Bangladesh 

       

78 

 

10 Subnormal temperature and energy saving technology of Bang-

ladesh fruits and vegetables 

10.1 Technology feasibility analysis of subnormal temperature preserva-

tion technology 

This project uses the lithium bromide refrigeration units, using waste heat from power plants. 

Because the power plant waste heat lithium-bromide-fired chiller refrigeration lowest ex-

pected evaporating temperature is 5 ℃, the effective expected cooling temperature is 10℃, 

compared to the traditional cold storage temperature of 0℃. Therefore it is necessary to utilize 

corresponding pre-cooling techniques, fresh-keeping films and preservatives to extend  the 

storage shelf. The difference between the subnormal temperature preservation technology and 

the traditional cold storage technology is mainly found in the following aspects, as discussed 

in the following paragraphs.  

10.1.1 The respiration intensity of fruits and vegetables 

After harvest, Fruits and vegetables are still living organisms which continue to go through a 

series of physiological and biochemical changes. This process is known as fruits and vegeta-

bles respiration, leading to the unique flavor, color and fragrance of the produce that are more 

suitable for people's needs. This process will continue to the aging phase. The factors that af-

fect the respiration of fruits and vegetables include temperature, humidity, environmental gas, 

mechanical damage and plant hormones. Generally speaking, in a certain temperature ranges, 

the respiratory intensity increases 1 times every 10°C, and if the temperature is reduced, the 

respiratory intensity is greatly reduced. Therefore, under the condition of sub normal tempera-

ture, the respiration intensity is enhanced. To sum it up, the main factors that affect the 

respiratory intensity of fruits and vegetables include: species and varieties, development stage 

and maturity, temperature, humidity, environmental gas composition, mechanical injury and 

diseases and insect pests, chemical substances and calcium. 

10.1.2 Water evaporation of fruits and vegetables 

The water content of fruit is very high, in most fruits it is 85%-90%. Post-harvest fruits and 

vegetables lose water, and the loss is further increased with extension of the storage period, 

causing the fruits to wilt, lose weight, decreasing the freshness, basically greatly reducing the 

overall value of the goods. The main factors that affect fruits and vegetables water evapora-

tion are: species and maturity, temperature, humidity, air velocity, air pressure. Under the 

condition of subnormal temperature, the effect of water evaporation is relatively large. We 

therefore suggest adopting certain technical conditions to control water evaporation of fruits 

and vegetables. 
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10.1.3 Chemical composition changes of fruits and vegetables 

Fruit quality is mostly influenced by the amount and composition of the various components 

of the fruit. These ingredients will change in a series of changes during storage and transpor-

tation, which can cause the change of resistance to storage and disease resistance, and can 

change the edible value and nutritional value of the produce. The chemical composition of the 

fruit quality can be divided into: pigment composition, sugar, organic acid and other ingredi-

ents of taste, aroma components, texture components and minerals and vitamins. Under the 

condition of subnormal temperature, the chemical composition of fruits and vegetables 

changes greatly, and the physiological activity is stronger leading to larger consumption of 

carbohydrates and organic acids. 

10.1.4 Pre-cooling Method  

The traditional cooling method for the storage of fruits and vegetables is static pre-cooling. In 

this way the cooling rate is reduced. The pre-cooling time is generally 24h. Under the condi-

tion of the subnormal preservation Technology, the temperature of the fruits and vegetables in 

Bangladesh is about 30°C post harvest. whereas the cold storage temperature is 10°C. This 

makes it very difficult to carry on the pre-cooling of fruits and vegetables，utilizing static 

pre-cooling techniques. The proposed pre-cooling efficiency is 2-3 times than traditional stat-

ic pre-cooling.  

In addition, for certain fruits and vegetables, the water pre-cooling method can be used, which 

implies the packing fruits and vegetables will take place in a flow of cold water or cold water 

spray. This project can use cold water from the lithium bromide chiller system. Depending on 

the amount of pre-cooling required, small scale pre-cooling can be operated by hand and 

large-scale processing can use specific cold water pre-cooling equipment. Due to the fact that 

the heat transfer coefficient of water is much larger than that of air, the cooling rate can be 

much faster than that achieved through the application of air cooling. The water pre-cooling 

method is suitable for certain produce, e.g. carrots. 

10.1.5 Refrigeration Unit 

The high temperature reservoir often uses freon refrigeration systems. The fluorine system is 

compact, with few the accessories, the unit can be completed in the factory, the system quality 

is fully guaranteed and it is safe with a high degree of automation. 

Subnormal temperature preservation uses the lithium bromide refrigeration unit, which has 

the advantages of a simple structure, smooth running, small vibration, low noise and safety. It 

is currently mainly used for air conditioning and refrigeration. At present however, there is no 

report that it is used in commercial cold storage preservation. 
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10.1.6 Preserving Material 

There are many kinds of fresh keeping material, including fresh keeping agents and fresh 

keeping films, for instance PE or PVC 2, but their anti fog property is poor. To achieve the 

desired results, it is required to develop an anti fog film and fumigation type or biological pre-

servative which is suitable for Bangladesh's conditions. 

10.2 Preservation Process of COLD STORAGE 

Different fruits and vegetables varieties, or the same variety under different geographical 

conditions, require adopted storing methods. 

For Bangladesh's national conditions, the recommended basic process of fruits and vegetables 

handling and storage is as follows:  

1. Fruits and vegetables timely harvest without injury 

2. Eliminate injured, sick, decayed, abnormal fruits 

3. Manual simple grading in field 

4. Direct sorting into the porous plastic boxes 

5. Loading in tray stacking 

6. Transport to storage or commercial processing center without injury 

7. Forklift storage  

8. Pre-cooling as appropriate for the specific fruit or vegetable, for instance in a per-

forated plastic tent 

9. Application of physiological regulators such as 1-MCP treatment 

10. Antiseptic treatment  

11. Placing into storage with controlled atmosphere, humidity and regulated tempera-

ture  

12. Regular anti-mildew treatment 

13. Regular testing of a variety of physiological, pathological indicators 

14. Take out of storage, thereby controlling temperature and classification 

15. Packaging and other commodities processing 

16. Simple insulation transportation 

17. Sale  
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11 Cold Store Feasibility  

11.1 Cold Store Library and Equipment 

The proposed cold storage has the cooling capacity of 5000 tons, with 4400 tons cold storage, 

400 tons Mass and Temperature Separate Controlled Storage (MTSCS) and 200 tons con-

trolled atmosphere cold storage. It is utilizing the waste heat from power plants as energy 

input. To demonstrate the concept, the library body, equipments, and mating devices are ana-

lyzed in this chapter. 

11.2 MTSCS building 

The main structure of the 5000 tons cold storage is a single layer, large-span and pinnacle 

steel structure, with dimensions of 119 m x 58 m, resulting in a floor space of the building of 

about 6900 m
2
. There are two hallways, including 32 cold storages, 8  controlled atmosphere 

cold storages and 4 Mass and Temperature Separate Controlled Storages (MTSCS). The ren-

derings are shown in the figures below.  

 

 

Figure 32. Outside view of  the proposed 5000 tons cold storage 
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Figure 33. Inside view of  the proposed 5000 tons cold storage 

 

Proposed Structure: (1) The storage will have 44 library compartments which are divided into 

four corridors. (2) Among them, there are 20 units of 100 tons cold storages ,each library is 12 

meters long× 8 meters wide×6 meters high, the total storage capacity of 2000 tons; 12 units of 

200 tons  storages, each library with dimensions of 16 meters long ×12 meters wide × 6 me-

ters high, resulting in a total storage capacity of 2400 tons; The number of CA story is eight, 

each with dimensions 8 meters long × 6 meters wide ×4 meters high, of a single storage ca-

pacity of 25 tons and a total storage capacity of 200 tons; there are for MTSCS storages, each 

library with dimensions 12 meters long × 10 meters wide× 6 meters high, each single storage 

capacity is 100 tons and  in total 400 tons. (3) The processing workshops  area is about 870 

m
2
  with its 58 meters long × 15 meters  wide.  

Proposed Equipment: (1) The periphery of Libraries and processing use a light steel structure, 

0.5 mm corrugated colorbond board as an external protection. The completed library ground 

is 1.2 m elevated above the existing ground. (2) The son library consists of a drive-in racking 

or aluminium tube as keel made of 0.5 mm embossed aluminium plate to construct the inter-

layer structure of the MTSCS; the mezzanine and end wall on both sides of the interlayer and 

the end of the wallboard will be equipped with distributed differential pressure gas pipelines 

and ventilation. (3) The workshop is sealed with a heat insulation board, and the net height is 
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6 meters. It is ensured the workshops ambient temperature is kept below 15 degrees at the 

operating time to allow for proper handling of the storage goods. 

 
Figure 34. Graphic design of the MTSCS 

11.3 Civil Engineering 

The project is designed as a single storey building. The ground is designed to carry heavy 

loads when the goods are transported, stacked and stored in the library, in adherence with rel-

evant standards. The weight bearing capacity per square meter is 1000kg. The floor consists 

of reinforced concrete to prevent insulation and airtight layer cracking due to the ground sub-

sidence. 

The library entry is 1 meter above the ground to facilitate transport of the stored goods. The 

ground of the MTSCS will have a heat preservation treatment. The inner cargo bed and the 

two storey corridor are made of the green sand.  

The Civil engineering includes the backfilling, concrete pouring, levelling of the ground, sec-

ondary concrete ground, wear-resisting layer, processing between the ground self-levelling, 

steel structure steel products and steel structure. The investment is about 35 ten thousand dol-

lars. 

11.4 Library body installation 

The peripheral of the MTSCS is made of a light, gray color steel plate structure of a thickness 

of 0.3mm. The second floor uses light steel structure in order to place equipment and pipe-

lines. There is a processing and sorting workshop at one end of the cold storage, which is 

designed to enclose a cargo table. 
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The library is designed in a simple, practical, durable, and economical way, mainly consisting 

of a polyurethane and steel plate assembly. The polyurethane insulation board has a low ther-

mal conductivity and good thermal performance, moisture resistance, water and fire 

resistance, it can stand high temperature and comes with other good characteristics. The store 

plate utilized pressure type iron for connection, the gaps is filled with polyurethane material 

with good air tightness.  

The lithium bromide refrigeration unit requires the library entry to have good heat preserva-

tion effect. Therefore, the insulation board thickness is 10 cm. The features bulk density: 

40kg/m2, flame retardant: grade B2 and 5-7 seconds since the quenching, color steel plate: 

0.45 mm, result in a good insulation effect. The joint of the CA and the MTSCS will be air 

tight through a four glue process and two clothes (glue+ cloth+ glue+ glue+ cloth+ glue). The 

sub library material is made of 0.5-1.5mm thick embossed aluminium or steel. 

 

Figure 35. Polyurethane insulation board 
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Figure 36. Single room structure effect diagram of cold storage  

 

Figure 37. Single room structure effect diagram of CA 
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Figure 38. Single room structure effect diagram of MTSCS  

 

Mass and temperature separate controlled storage (MTSCS) 

The MTSCS which was provided by Professor Xihong Li in Tianjin University of Science 

and Technology 2011. The dynamic-phase-temperature storage consists of a master-room, 

sub-room, Refrigeration equipment, air-conditioning equipment, mold equipment and spare 

humidifier composition, matching the appropriate temperature, humidity, gas (such as O2, 

CO2 etc.), preservatives (such as SO2, O3 etc.) and other sensors and image transmissions, 

monitoring instruction appropriate equipment automated operation, and remote network man-

agement. 

The MTSCS is controlled with a unit mold, double gas transfer, three-way moisture fourth 

order and internal and external temperature joint control, leading to the 15 technical charac-

teristics as follows:  (1) the master- and sub-storage rooms could control complexly; (2) heat 

transferability but no mass transferability; (3) constant relative humidity (RH) without any 

exogenous humidifier; (4) the storage temperature control to allow for tiny fluctuations 

(±0.1°C); (5) balanced phase fields; (6) Pulse mildew; (7) evaporator regulation without frost; 

(8) allowing phase change at cytolemma 0°C; (9) with the pre-cooling system under differen-

tial pressures; (10) cooperative system regulation; (11) full utilization of the natural cold 

source; (12) making full use of bio-energy; (13) with the constant storage temperature and 
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controlled atmosphere in low oxygen concentration; (14) Internal physiological and patholog-

ical and external temperature, humidity, gas, corrosion control five factors are linked to 

address the preservation of agricultural products, "welfare" scientific and technological prob-

lems. 

The library entry installation materials and investment budget of the 5000 tons cold storage is 

about 95.66 ten  thousand dollars. This is required to connect the Library with the waste heat 

source. 

11.5 Equipment installation engineering 

11.5.1 Refrigeration equipment installation engineering 

The lithium bromide refrigeration unit 

Lithium bromide uses heat as power source, uses water as refrigerant, lithium bromide aque-

ous solution as absorbent to get cold water. It is also known as the lithium bromide absorption 

refrigerating machine. Heat sources are that can be utilized include steam, hot water, gas and 

other fuel. It can be divided into direct fired, steam and hot water type. As discussed in Chap-

ter X, the suitable type for the project is the steam type absorption chiller.  

The advantages of the lithium bromide absorption refrigerating machine include:  

 Electric power consumption is only 1/20 - 1/10 of a vapor compression type chiller, 

thus saving a lot of energy compared to conventional systems. 

 Contributes to prevention of environmental pollution by introducing non-freon refrig-

erant. Using lithium bromide aqueous solution as refrigerant, the refrigeration 

machine is operating, odorless, non-toxic, with no threat of explosion. 

 The system is safe since it is operated under vacuum state. 

 Saving installation area, reducing required installation area by 40%. 

 Operating characteristics under a partial load are excellent. 

 The installation is easy, the manufacturing is simple and operation, maintenance is 

convenient. Because of the stability of the unit, the adaptability to the changes of the 

environment is strong. Unit maintenance work is mainly to maintain the required air 

tightness. 
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Figure 39. Double effect lithium bromide absorption type refrigerating machine 

11.5.2 Proposed refrigeration technology for the 5000 tons cold storage 

Refrigeration technology of this project is shown in the figure below. The lithium bromide 

units prepare the 5°C cold water, the cold water then enters the heat preservation water tank. 

After passing the variable frequency pump, the cold water enters into the evaporator for heat 

exchange. Finally, the backwater re-enters into the lithium bromide units.  

 

Figure 40. Sketch of the refrigeration technology 
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11.5.3 Calculation of refrigeration capacity for 5000 tons of cold storage 

The thermal load calculation according to the China national standard. Cold for design of cold 

store (GB50072—2010)” is as follows. 

Qs=Q1+ pQ2+ Q3+ Q4+ Q5 

Among them：QS- Cooling equipment heat load（W） 

Q1- Cold room maintenance structure heat flux（W） 

Q2- Heat flow of goods in cold room（W） 

Q3- Heat flow of cold air ventilation（W） 

Q4- Thermal flow of motor running in cold room（W） 

Q5- Hot flow of cold operation（W） 

p- Load factor of cold working in cold storage. 

Following assumptions are made:  

Calculation basis: 50 storage pool in this 5000 tons cold storage. Each database is 100 tons, 

single library size: 12 m× 8 m×6 m, volume of about 576 m
3
. This project is based on the 

temperature of 8°C, the outside the library temperature is 32°C（average temperature）. The 

storage capacity is 10%. We use potato as an example. 

Q1：Thermal flow of retaining structure 

The palisade structure heat flow depends on the difference between the external and internal 

temperature refrigerator and inside and outside factors such as wind speed: 

Q1=K×A×△t  

K: The average heat transfer coefficient ( w/℃·m
2
) Polyurethane insulation board and its 

thickness is 100 mm. K=0.21 

A：A cold storage surface area  A=12×8×2+12×6×2+8×6×2=432m
2
 

△t：Cold storage temperature difference between inside and outside (degree), △t=32-

8=24℃ 

Q1=0.21×432×24=2177.28W 
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Q2：Heat flow of goods 

Q2= Q2a +Q2b +Q2c +Q2d=
6.3

1
[

T

HHG )21( 
+

T

Ctt
BG

b
)(
21


 ]+ G·（q1-

q2）/2+
2

)( qGG
n

  

Among them：Q2a: The food quantity of heat（W） 

Q2b: Packaging materials and heat delivery vehicles（W） 

Q2c: The goods respiratory heat during cooling（W） 

Q2d: The goods respiratory heat during cold storage（W） 

G: Cold room daily carried out（Kg）According to the capacity of 10%, is10 tons 

H1: Enthalpy of cooling or freezing initial state to the goods（KJ/kg）    

(potatoe：32℃,385.4 KJ/kg) 

H2: Enthalpy of cooling or freezing initial state to the goods（KJ/kg）  

（potatoe：8℃,303.1 KJ/kg） 

t：The cooling time of goods（hours）=24 

B：The weight coefficient of goods packaging materials or vehicle 

Cb: Packaging materials or the heat capacity of the vehicle（KJ/kg·°C） 

t1：The temperature when the packing materials or vehicle storage.  

t2：Packaging materials or the temperature when the vehicle dispatch, for the design of 

the warehouse temperature (°C) 

q1：The heat breathing of goods at the time of initial temperature cooling（W/t） 

q2：The heat breathing of goods at the cooling end temperature（W/t） 

Gn: The quality of the goods in cold storage（kg） 

Q2= Q2a +Q2b +Q2c +Q2d=
6.3

1
[

T

HHG )21( 
+

T

Ctt
BG

b
)(
21


 ]+ G·（q1-q2）

/2+ 2
)( qGG

n
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=[10000×(385.4-303.1)/24+10000×0.35(32-8)×0.42/24]/3.6+10×(55.8-27.8)/2+(100-

10)×27.8 

=[34291.6+1470]/3.6+140+2502=12575W 

 

Q3: Cold room ventilation heat flow（W） 

Q3= V×n／24×△h/3.6 

Among them：V Cold storage volume (m
3
)；V=576m

3
 

n number of ventilation for 24 hours; n=2 

△h: The enthalpy difference of environment and air in the cold storage KJ/m
3
 

Q3=576×2/24×135/3.6=1800W 

Q4：Motor heat flow of cold storage（W） 

The heat generated through electrical components include mainly: lighting heat, heat motor, 

condensation prevention, wires and lighting. In general it can be estimated by following for-

mula: 

Cold Storage：Q4=(Q1+Q3+ Q5)×0.15 

Q5：Cold room heat flow operation（W） 

The heat generated by the operating personnel related to the cold storage temperature. 

Based on experience one would calculate this value as follows:    

Basic assumption: 63 kcal / 24 h per person 

Computation formula is as follows: 

Q5=q× Hm×N×1/24 

Type: n for the number of jobs；n=3 

q2 is the heat generated by the human body；350W/ one human body 

H is for work time every day; h=3 

Q5=350×3×3/24=131.25w 

Q4=(Q1+Q3+ Q5)×0.15=（2177.28+1800+131.25）×0.15=616.2W 

Qs=Q1+ pQ2+ Q3+ Q4+ Q5=2177.28+1×12575+1800+612.6+131.25=17.3kW 
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Single room refrigerator heat load (required refrigerating capacity) is 17.3 KW 

But for 5000 tons of cold storage, which use centralized refrigeration, the required refrigerat-

ing capacity just need 17.3×50×50%=432.5KW 

Therefore, theoretically the required refrigerating capacity of 5000 tons of cold storage is: 

432.5 KW. Practically the refrigerating capacity of 5000 tons of cold storage is found to be 

300 KW. 

From practical experience we find the refrigeration capacity for Lithium Bromide technology 

for the same load is 87 KW (50 KW heat exchanger, 14 KW cooling system, cooling motor 8 

KW, 4 KW refrigerating unit, and 11 KW refrigerating medium cycle). 

Experiment was done to determine the evaporation areas. Heat exchanger area of using power 

plant waste heat refrigeration is 2.4 times more than the electric refrigeration evaporator, 

which is 100 tons cold storage match of 240 m
2
. So the 5000 tons temperature storage re-

quires phase evaporation areas of 12000 m
2
. 

11.5.4 Equipment to control the atmosphere 

The equipment to control the atmosphere in the cold store include the deoxidization machine, 

carbon dioxide removal machine, mould-proof equipment, gas control cabinet among others. 

The project is using the most advanced frequency conversion type system in Europe and the 

United States to take off the oxygen transfer system and pulse grape mould-proof. This kind 

of system energy saving potential is more than 30%, the refrigeration and CA control system 

all adopt the remote diagnosis system control mode. 

The gas adjustment device is placed on the second floor corridor. As the project has 40 librar-

ies, according to the gas equipment processing capacity, it needs 4 deoxidization machines, 4 

carbon dioxide removal machines and 4 sets of mould-proof equipment. The proposed gas 

control system measurement range for O2 is 0-21% and for CO2 0-10%. The system can con-

trol air parameters accurately. The main gas equipment, the deoxidization machine, on the 

left, and the mould-proof equipment on the right, is shown below.  
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Figure 41. Equipment to control the atmosphere 

11.5.5 Equipment installation budget 

The equipment installation budget includes the Lithium bromide refrigeration, waste heat 

supply power supply, cooling system, heat exchange indoors, monitoring system, package and 

transport, installation and guarantee warranty. All the investment of equipment is about 

127.16 ten thousand dollars. 
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11.5.6 Handling facilities and equipment 

Cold storage comprise many refrigeration equipment components and pipelines, once dam-

aged, it is easy to cause fire accidents. At the same time, heat preservation material, package 

and store content bags are usually easy to catch fire. Therefore, cold storage construction must 

be in accordance with the fire prevention standards and shall have fire control facilities.  

In order to utilize the library volume effectively, double-deck shelves are used, the space utili-

zation rate of which can reach 80%. Refrigerated transport vehicle is for the transportation of 

produce shall be used to ensure the integrity of cold chain. Forklift trucks are one of the 

commonly used small carrying vehicles, and it includes various wheeled transport vehicles to 

make the pallet load and unload, facilitating stack and goods short-distance transport and 

heavy handling. Diniu is a convenient small transport for lifting goods. Forklift truck and din-

iu is the used to transport the crates goods. The labor capacity of forklift truck is big (1t) and 

can transport the pallet when the good are large and it can quickly transfer objects. Diniu can 

be used when goods is transferred between libraries. The handling facilities and equipment 

budget is shown in below table.  

11.6 Total investment budget 

Investment analysis of 5000MT cold storage using Lithium bromide   refrigeration is  about 

353.96 ten thousand dollars. 

 

 

Table 27: Investment analysis of 5000MT cold storage with Lithium bromide  refrigeration  

No. Subject Budget (ten thousand dollars) 

1 Refrigeration equipments 127.16 

2 Building envelope 200.66 

3 Auxiliary material 26.14 

Total        353.96 

11.7 Conclusions  

The investment analysis of the 5000MT cold storage using Lithium bromide refrigeration 

with waste heat compared to conventional electrical refrigeration as is follows: 

(1) Lithium bromide refrigeration with Waste heat saves 71 % electrical energy as compared 

to conventional refrigeration (87 KW in place of 300 KW). 

(2) The investment of the Lithium bromide refrigeration equipment with Waste heat increases 

about 27.5% compared to that of conventional refrigeration. 
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12 Financial Evaluation of Cold Store Feasibility 

This project is a new type of project in Bangladesh. The project is located at Ashuganj power 

plants, designed for 5,000 tons scale, the investment cost is 353.96 ten thousand dollars . In 

order to study the feasibility of the project, estimates the economic benefits of construction 

projects, demonstration project is feasible. Income obtained for store and cost price of materi-

als are tax-inclusive price. 

12.1 Financial Assessment basis and basic data selected 

12.1.1 Assessment basis 

(1) National Development and Reform Commission, Ministry of Construction issued the 

"construction project economic evaluation methods and parameters" (Third edition); 

(2) China Electric Power Publishing House "Investment Project Feasibility Study Guide". 

12.1.2 Financial Prices 

The cost of the main inputs of the project based on the current market price. All prices are tax 

included. 

12.1.3 Calculation of project 

Project calculation period is 11 years, including construction period of one year, the produc-

tion period of 10 years. 

12.1.4 Financial benchmark rate of return 

The discount rate is 13 percent income tax that is determined referring to "construction pro-

ject economic evaluation methods and parameters (Third edition)" relevant data. But also as a 

criterion for investment rate of return indicators on the project. 

12.1.5 Other calculation parameters 

Pick another parameter calculation is combined with the specific circumstances of the project 

and in accordance with relevant Chinese laws and industry regulation. As shown in below 

table. 
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Table 28: Calculation parameters 

Name Calculation Parameters Remark 

Depreciation of fixed assets 

Depreciation of fixed assets 

Buildings 20 years Machin-

ery and equipment 15 years 

The average life method, net 

residual rate of 5% 

Amortization of intangible 

assets and other assets 

10-year amortization of in-

tangible assets, other assets, 

amortized over 10 years 

Average number of years, no 

residual value 

Wages and welfare 

Key management and tech-

nical personnel 0.5ten 

thousand dollars / person / 

year, fixed production work-

ers 0.2  ten thousand dollars / 

person / year. 

Press management and tech-

nical personnel 5,fixed 

production workers 

5,seasonal workers 30 com-

puting 

Repairs 
Fixed assets repair costs by 

1% provision for fixed 
 

other fee 
3.33 ten thousand dollars / 

year 

In manufacturing costs, ad-

ministrative expenses, selling 

expenses and administrative 

expenses except wages and 

welfare, depreciation, amor-

tization expenses, costs of 

repair. Normal annual sales is 

calculation on income base. 

Taxation 

Income tax rate of 15%, free 

business tax, exempt from 

VAT 

 

Surplus reserve 10% Profit after tax for the base 
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12.2 Cost estimation 

12.2.1 Main production cost 

1 Raw material cost: In terms of potatoes, we storage 5,000 tons of potatoes per year, pota-

toes, calculated as 0.027 dollars/kg, to total cost is 13.33 ten thousand dollars; we need 

200,000 plastic bags, at 0.08 dollars/bag, in total 100, 000 ten thousand dollars. The cost of 

raw materials is 15.00 ten thousand dollars for the first year and 13.33ten thousand dollars for 

next years. 

2 Fuel and power cost: the cold storage runs at full capacity for 6 months, totaling 67,050 

kW·h of electricity, and industrial electricity cost 0.01 dollars /kW·h. Electricity bills amount-

ed to 0.64 ten thousand dollars. Daily consumption of steam charge: 3985 kg/h×10 

h×0.03dollars/kg=1328.33 dollars. The annual consumption of steam charge: 

180×1328.33=23.91ten thousand dollars. Other costs: Water in total 0.37 ten thousand dollars,  

fuel and power costs total 25 ten thousand dollars. 

3 Wage and welfare: This project requires 45 staff including 5 key management and tech-

nical personnel as well as 40 production workers. Key management and technical personnel 

are calculated according to 3 ten thousand dollars/people· year. Production worker are calcu-

lated according to 1.2 ten thousand dollars/people·year. Wage and welfare total 10.5 ten 

thousand dollars/year. 

4 Depreciation charge and repair cost 

(1) Depreciation charge: Depreciation of fixed assets is calculated according to the average 

method with 5% residual value. Depreciation of fixed assets with an age limit of 20 years to-

tals 3.56 ten thousand dollars. Depreciation of equipment with an age limit of 10 years totals 

16.90ten thousand dollars. Depreciation charge total 20.46 ten thousand dollars. 

(2) repair cost: The repair cost is calculated according to 1% of the original value of fixed as-

sets and repair cost total 2.53 ten thousand dollars/year. 

(3) variable cost and fixed cost 

1. Variable cost: Variable cost of production is estimated to be 16.67 ten thousand dollars for 

the first year and 16.00 ten thousand dollars for next years. 

2. Fixed cost: Fixed cost of production is estimated to be 59.15 ten thousand dollars/year. 

(4) Operating cost: Operating cost of production is estimated to be 56.36 ten thousand dollars 

for the first year and 54.70 ten thousand dollars for next years. 

5 other cost: Other cost includes other manufacturing cost, other management cost and other 

operating cost. Other cost is estimated to be 3.33ten thousand dollars/year. 
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Total profit 

Annual profit of the project product is estimated to be 102.44 ten thousand dollars/year . 

12.3 Financial profitability analyses 

The purpose of financial profitability analysis is to calculate the project proceeds. The project 

is evaluated by profit of production for details see attached table named financial evaluation 

index. 

Table 29: Financial evaluation index 

calculation index after tax pre tax 

financial internal rate of return 41.26% 47.68% 

financial net present value USD 296.53 USD 370.32 

payback period (including construction period) 2.9 2.5 

investment profit 34.4% 40.5% 

 

12.4 Evaluation summary 

From the above data can be found: (1) expanded project financial net present value (NPV) > 

0, net present value rate (NPVR) > 0; (2) expansion project internal rate of return (IRR) > 

benchmark rate of return (13%); (3) Static investment payback period including construction 

period =2.9year (after tax); (4) Investment profit (after tax) is 34.4%, net profit is 87.07 ten 

thousand dollars/year, income tax paid is 15.37 ten thousand dollars/year. The above econom-

ic indicators show the financial viability of the project. Details are shown the table below. 
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13 Simulating the Technology - Pre-experiment and results 

Currently, lithium bromide absorption refrigerating machines are mainly used in room air con-

ditioners; there is no report about fruit and vegetable fresh-keeping. To determine the 

feasibility, besides the theoretical calculation, preliminary experiments have been carried out. 

 

Therefore, we designed the first set of simulated waste heat of lithium bromide refrigeration 

temperature control experimental platform. It comprises 11 kinds of technology system com-

ponents, including simulated waste heat, terminal operation system, circulating water, heat 

exchange, palisade structure , thermal loads, intelligent control, controlled atmosphere, con-

stant humidity, mildew proof, easy precooling, contracted cold chain and fresh materials. 

 

In the following we will give a brief overview of the experiment.  

13.1 Design and construction of the pilot refrigerating facility  

 
Figure 42. Water system, heat exchanger and temperature 

 

Dimensions and functions of the pilot refrigerating facility utilizing the lithium bromide chiller. 

 

1) Dimensions of the cold room: 

3m ( length ）× 2.7m（width )× 3m（height） =24 m
3
 

4m ( length ）× 3m（width )× 3m（height） = 36 m
3 

2) Functions of the cooling operation, including: 

（1）System  of  insulation 

（2）System  of  lithium bromide refrigeration  

（3）System  of cold water circulation 

（4）System  of  heat exchanger 

（5）System  of  intelligent control 

3)  Circulation of cold water  

Circulation of cold water from inlet of the cold room at 5 °C to outlet of the cold room . 
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13.2    Initial cooling of the empty storage room 

 

1. The experiment for temperature  pull down of  24m3 empty room has shown the fol-

lowing results:  

 It took 85 min to pull-down the temperature from 24.3°C to 8°C 

 It took 240 min to pull-down the temperature from 24.3°C to 7.2°C 

2. The results The temperature  pull down of  36 m3 empty room 

 It took 100 min to pull down the temperature from 23℃ to 8℃. 

 

Figure 43.  The temperature  pull down of  36 m3 empty room 

13.3 Precooling of potatoes using lithium bromide refrigeration 

It took 350 min to pull down the temperature from 30℃ to 8℃ in 36m3  room. 

 

Figure 44. Detection for temperature of  potatoes’   
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13.4 Precooling and storage technology 

We have studied the precooling and storage technology of potato, grape and betel-nut. Includ-

ing MAP and CA, the grape could be stored for 6 months. The tomato could be stored for 50 

days. 

 

Figure 45. Precooling and storage technology 
 

13.5 Other features of the experimental setup 

Temperature, humidity and controls 

The setup has a remote diagnostics and network management services, food safety trace-

ability and other functions, to achieve 10 features, such as the automatic monitoring control 

and protection, temperature, humidity instability and unmanned control and the control of ru-

ral voltage. In 3 to 5 minutes only, the remote diagnosis technology can complete remote 
installation, acceptance, fault diagnosis and other network services. 

Controlled atmosphere system 

A double-gas controlled technical system was constructed, with a three-level network. It 

achieves the lower O2 concentration and gas controlling at constant temperatures and humidi-
ty levels in the sub-rooms.  
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Humidity keeping and humidifying system  

A triple-effective technical system has been constructed, in which heat transfer but no-mass 

transfer between master-room and sub-rooms can occur. This system achieves the technical 

characteristics including the maintenance of low temperature and high humidity without con-

densation, and constant humidity without any humidifier.  

Disinfection and inhibition of mould treatment 

As subsidiary equipment, a pulsed antisepsis is attached in the MTSCS system. It could be 

used for a variety of biological preservative with fumigation effect, for example for the eth-

ylene inhibitor 1-MCP gas, the ripening agent ethylene alkaline gas or for antimildew smoking 
gas TBZ. It is also used for the botanical oils and ozone gas. 

 

Figure 46. Disinfection and  inhibition of mould  using ozone treatment 

 

 

Figure 47. Simple cold chain logistics 
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13.6 Conclusions on the cold chain  

Conclusions 

 (1) The Lithium bromide Chiller is suitable for storage of all fresh products  

(2) The Lithium bromide Chiller is most suitable  for  the products which normally use the 

storage temperature  higher than 8 °C. 

(3)  If the Lithium bromide Chiller is used for  the products which normally use the storage 

temperature lower  than 8 °C, which should be used for short period of storage. 

(4) Lithium bromide refrigeration with Waste heat saves 71 % electrical energy compared to 

conventional refrigeration. 

(5) The investment of Lithium bromide refrigeration equipment with Waste heat increase 

27.5% compared to that of conventional refrigeration. 

Suggestions 

(1) For the technical viewpoint we think this is a good project. If Bangladesh government is 

willing to do this project, we can suggest to the Chinese Government to provide soft loan 

as well as suitable modern technology. 

(2) To form a international research centre for green logistics of cold chain fruits and vegeta-

bles, to optimize the handling, equipment and  fresh-keeping material etc;  

(3) To advise international organizations to provide more aid in finance for development in 

green and energy-saving cold chain. 
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14 Conclusions and proposed next Steps  

14.1 Two Proposed Sites for Pilot 

The project team proposes two sites for future consideration of a pilot plant. The table below is 

summarizing the findings of Ashuganj and Shahjibazar locations.  

 

 Table 30: Main findings about the proposed sites 

Ashuganj Power Complex  Shahjibazar Power Plant  

Waste Heat Potential: 32MW from flue gas 

and 20MW from Jacket water  

Waste Heat Potential: 54MW from exhaust 

gas  

Cooling Capacity from absorption Chiller: 39 

MW cooling capacity ( from Jacket water and 

exhaust gas)  

Cooling Capacity from absorption Chiller: 

70MW (from exhaust gas)  

Maximum Theoretical Cold Storage Size: 

550,000t  

Maximum Theoretical Cold Storage Size: 

1,000,000t  

Proposed Cold Storage Size: 5,000t  Proposed Cold Storage Size: 5,000t  

Proposed Use of Coldstore Use: Potato  Proposed Use of Coldstore Use: Potato  

 

The birds view is indication the proposed locations for waste heat recovery.  

 

Figure 48. Ashuganj Gas Engines Power Station (Single Cycle) 
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Figure 49. Shahjibazar 2x35 MW Gas Turbine Power Plant 

14.2 Conclusions 

• The main message from this study is:  waste heat from power plants is a large source 

of useful energy that can be used as primary energy to power down-stream industrial 

activity including cooling and refrigeration.   

• Demand for cold storage, particularly for potato, at economic rates is large. Fruit and 

vegetable cold storages would require an improved cold chain.  

• There are two ways in which waste can be captured and used in downstream applica-
tions:  as heat for boilers and to produce refrigerants for air conditioning.   

• The assessment of waste heat potential from selected power hubs has shown there is a 

large amount of waste heat that can be utilized.  

• Cogeneration, including its use for air conditioning and district cooling, is wide 

spread, however there is no case known to the project team of an application of waste 

heat for cold storage.  

• Therefore, to study the feasibility, an experimental set up was developed, studying 

fruits and vegetables protocols and the complexities of fine tuning the cold stores for 

fruits and vegetable when using the proposed absorption chiller technology powered 

by waste heat. 

• Based on the analysis, two sites, Ashuganj and Shahjibazar, were selected which are 

deemed the most promising locations for a demonstration plant, considering both cold 
store demand and waste heat availability.  
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• A feasibility analysis of a 5,000 Ton Cold storage for Potatoes shows the technical 

feasibility of waste heat use for cold storage, however further study is required for a 
full fledge proposal of a demonstration plant.  

14.3 Recommendations 

• Demonstrate the CCHP technology module: 

• Establish a 5,000 tons cold storage plant at Ashuganj using waste heat from the simple 
cycle engines 

• Prepare a rollout model 

• Prepare the legal framework for utilization of CCHP technology    

14.4 Way Forward 

• Create a data base of potential Waste Heat availability from Power Plants in the Coun-
try 

• Conduct a detailed census of government owned power plants; 

• Assess and evaluate the waste heat categorizing them according to quality; 

• Prepare a short list of industries that can use the waste heat in CCHP applications. 

• Conduct a cold stores demand study  

• For Potatoes 

• For fruits and vegetables 

• For storage of frozen foods 

• Conduct a study to determine the cooling protocols for 

• Vegetables grown in the country 

•  Fruits especially pineapples and mangoes 

• Prepare a draft policy on promoting the use of waste heat from power plant and other 

thermal installations  

 

14.5 Final Stakeholder Validation Workshop 

After the presentation of the project teams findings, a few comments were raised, which could 

be addressed by the project team.  
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Table 31: Stakeholder Comments for Consideration 

Comment Response from the project team 

Regarding the proposed site at Ashuganj, the 

issue was raised whether the project team had 

considered the plant factor of the gas engine 

plant; it was stated the plant factor is about 

80-90%, due to maintenance works at the 16 

engines, thus it should not be expected to get 

access to a 100% at all times.  

For the theoretical assessment of the waste 

heat potential this plant load factor was not 

considered; however, it will be taken into ac-

count in the design of the pilot plant. In that 

pilot plant two sources of waste heat could be 

utilized: jacket water or flue gas, of which the 

former shows good potential to recover the 

waste heat from several gas engines at the 

same time, which would allow for a stable 

waste heat supply, even when part of the en-

gines is undergoing maintenance.  

The issue was raised, whether the space need 

for a waste heat recovery boiler was consid-

ered when proposing the sites for a pilot 

project.  

The availability and access to space on the 

power plants premises is absolutely under the 

discretion of the authorities. We have howev-

er considered that there is space just outside 

the power plants area, where the cold store 

could be build, if the lands can be secured for 

this purpose. Comparing the two recommend-

ed sites, it is worth noting that Shahjibazar is 

surrounded by ample land at this moment, 

while Ashuganj show limited availability of 

land around the power plants premises.  

It was recommended the proposed cold store 

to be located near to the areas where the fruit 

and vegetable are grown, particularly consid-

ering the northern part of the country.  

The location of the cold store could either be 

close to the production or the consumer. Con-

sidering that the assessment of suitable waste 

heat sources has shown no promising results 

for the northern part of the country, locations 

further south shall be thought of, which may 

be closer to the main markets of Dhaka or 

Chittagong. If such cold store service can be 

offered at competitive rates, it would benefit 

both the consumers and the farmers alike.  

Clarification was requested as to whether oth-

er manufacturers provide the absorption 

chiller technology as well.  

It was stated that waste heat recovery tech-

nology as well as absorption chiller 

technology is widely used around the world, 

thus a variety of manufacturers could provide 

this technology.  

 

 

 

 

 

 


