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Abstract 
 

Power and water are vital for sustainable development, yet their availability is limited. This creates a need for 

efficient methods to reduce power and water consumption by measuring the amount required for specific 

purposes. Increased efficiency helps address climate change, affects macroeconomic factors, and lowers costs. 

Railways connect the country and play a key role in inland transport. Railway stations have high occupancy and 

continuous operation, making power and water saving essential. Ishwardi, a railway junction in Pabna since 

1878, the route from Kolkata to Siliguri was passed through Ishwardi, one of the most significant stations in the 

West Zone of Bangladesh Railway. Sustainable practices like rainwater harvesting and solar power can reduce 

resource consumption at stations. For instance, by harvesting rainwater, approximately 3.23% of groundwater 

could be conserved during the four-month rainy season. Additionally, installing solar panels could generate 

around 2.35 MWh of electricity per day from existing infrastructure at Ishwardi station, offering alternative 

energy. 
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1 Introduction 
 

Eco-friendly technical solutions are urgently needed in the infrastructure sector to ensure environmental 

sustainability in a cost-effective way (Santos, 2020). Railways provide a cost-effective, comfortable, 

environmentally friendly, and safe transportation system, playing a significant role in both passenger and goods 

transport. A railway station, whether simple or complex, is a vital component of rail transport. Sustainable 

railway stations have become an international necessity to reduce emissions, achieve self-sufficiency in water 

and power, and improve operational efficiency (Reham, 2023). One of the biggest challenges we face today is 

the global power recession, which necessitates the implementation of sustainable power solutions across all 

sectors to address environmental concerns (Islam, 2019).  In Bangladesh, integrating renewable energy and 

rainwater harvesting aligns directly with key Sustainable Development Goals (SDGs), particularly SDG 6 on 

water efficiency and SDG 7 on sustainable energy (Islam, 2019; Razak et al., 2021).  Due to the high density of 

occupational activities and the need for extended operational hours, the power consumption of railway stations is 

significantly greater than that of conventional buildings (Santos, 2020). Implementing sustainable practices for 

water and power usage is essential to address related challenges. Focusing on the power-carbon-water nexus, 

such integrated approaches are essential for railway stations and networks. 

 

Power shortages severely constrain Bangladesh's progress, and only 2.5% of current power generation comes 

from renewable sources such as hydro, solar, biogas, biomass, and wind. Bangladesh has a considerable potential 

for solar power, which is the largest source of renewable energy in the country. The generation of renewable 

power not only reduces dependency on grid electricity but also fulfills the government's social commitments. 

However, Bangladesh faces serious challenges in producing solar power, primarily due to the need for land to 

establish solar parks. Being an agro-based country, most land is utilized for agricultural purposes. It has become 

essential to set up renewable power sources at various large institutions, shopping malls, airports, factories, and 

railway stations instead of solely relying on the national power grid (Laskar, 2017). Power management systems 

are vital for optimizing energy consumption and improving the operational efficiency of railway systems and 

smart railway networks. The main argument is that railway stations with their extensive rooftops and land offer a 

strategic solution: integrating solar photovoltaic and rainwater harvesting systems. Acquiring a photovoltaic 

system as an alternative energy source, along with rainwater harvesting for non-potable water supply, is an 

effective strategy to reduce water and power costs while promoting sustainability (Carneiro et al., 2022). This 

approach reduces reliance on grid electricity, decreases operational costs, and advances national sustainability 

commitments. By installing solar panels and rainwater harvesting on 1.5 million sft. of station rooftops and 3.45 

million sft. of facilities, railway authority can meet much of their own demand and sell excess electricity. 

Meanwhile, Rainwater can be used for multiple non-potable purposes including drinking, cleaning trains, 
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flushing toilets, gardening, and washing and maximizing efficiency. This study aims to evaluate the current water 

and power management practices at Ishwardi railway station and propose sustainable approaches to water and 

power management for further improvements. 
 

2  Methodology 
 

The methodology of a research study is determined by its nature and objectives. Every research study has a 

specific method tailored to its goals. This particular study is a cross-sectional analysis conducted at the junction 

station in Ishwardi, Pabna, within the West Zone of Bangladesh Railway. Physical specifications of the station 

were documented, and the existing environmental and technological conditions were assessed. This included an 

analysis of the current state of engineering facilities, as well as an evaluation of power sources and consumption. 

Secondary data were collected from the head office of the West Zone in Rajshahi and relevant journal articles. 

 

 
 

Figure 1. Pictures of Ishwardi Railway Station.   
 

2.1  Ishwardi Railway Station (IRS) 
 

The railway journey from Kolkata to Siliguri consists of two segments. The first segment covers a distance of 

185 km along the Eastern Bengal State Railway, starting from Kolkata Station (now known as Sealdah) and 

ending at Damookdeah Ghat, located on the southern bank of the Padma River. Passengers must cross the river 

by ferry before continuing their journey. The second segment is a 336 km meter-gauge line operated by the 

North Bengal Railway, connecting Saraghat on the northern bank of the Padma to Siliguri. Within the 2 km-long 

station and yard, a total of 17 railway lines have been laid. Ishwardi gained further significance with the launch 

of the Hardinge Bridge over the Padma River in 1915. Today, Ishwardi Junction is the largest railway junction 

station and yard in Bangladesh, historically serving as the primary gateway to both North and South Bengal. The 

station code for Ishwardi is ISD, and its geographical coordinates are 24.1295° N latitude (24° 07′ 46″ N) and 

89.0629° E longitude (89° 03′ 46″ E), with an elevation of 29.0 meters (95.12 feet) above mean sea level. 

Currently, Ishwardi plays a crucial role in the country's economy and infrastructure development, particularly 

with the establishment of the Export Processing Zone (EPZ) and the Rooppur Nuclear Power Plant.  
 

2.2 Infrastructure Information of Khulna and Ishwardi Railway Stations 
 

The railway sector in Bangladesh plays a crucial role in the country's economy, and ongoing investments are 

continuously improving its infrastructure to enhance operational efficiency, safety, and sustainability. Recently, 

there has been a growing awareness of the importance of environmentally sustainable development, which has 

increased the significance of railway stations in the country’s transportation systems. Detailed information about 

the infrastructure of Khulna and Ishwardi railway stations can be found in Table 3.1. 
 

Table 1. Infrastructures Information Ishwardi Railway Station. 
 

            Particular  Ishwardi Junction Stations 

   Station building  

   Platform 

   Workshop  

   Parking  

   Park/Recreational area/Open area 

 01 story ancient buildings, has area of total 7,200 sft. (approx.) 

  04 nos. platform, each area 21000 sft.(approximately) 

  02 nos. workshop covered by steel sheet, area 10,000 sft. 

Yes 

Yes 
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3. Result and Discussion 
 

3.1 Water and Power Consumption Scenario at Ishwardi Station 
 

Railway authority has responsibility to arrange supply adequate quantity of water of acceptable quality to the 

Railway station premises for passengers and stakeholders. At railway stations, water is used for a variety of 

purposes including drinking water for passengers and staff, hand washing, facilities for wudu (ablution), 

sanitation purposes, cleaning and maintenance of the station premises, washing coaches, and 

gardening. Additionally, water is crucial for the proper functioning of railway operations, including track 

drainage and maintenance.  
 

Table 2. Water Scenario at Ishwardi Station. 
 

Particular  Description 

Sources of water 

Treatment plant for drinking water 

How does water store 

Capacity of overhead tank 

Supply system 

Waste water disposal system 

Availability of septic tank 

Rainwater flow away 

 Ground water 

Available (established by WaterAid, INGO) 

Overhead tank 

2,00,000 liter (approxi.) 

Pumping and piping 

Drain to Municipal line 

Available 

Nearby pond and other bodies, Infiltration 
 

The power efficiency defines the ability to get the best results in any given activity by utilizing the possible least 

amount of power resources. Power efficiency enables us to reduce the consumption of power including the 

associated environmental impacts and is applicable from production to consumption stage. Power (Electricity) 

required at Ishwardi railway stations for Train maintenance, Repair of  trains, lines and stations, Construction of  

buildings and other infrastructure at stations, Lighting of stations, offices, platform, parking, workshop and other 

areas; Pumping; Operation of communication system; Sign and Signaling; Activation of different machine; Air 

conditioning; Power for shops and restaurant and Other uses. 
 

Table 3. Scenario of Power sources at Ishwardi Station. 

Particular  Description 

Main Sources of Energy 

Alternate source of energy supply 

Availability of Solar panel 

 National Grid Electricity 

Generator 

No 

 

3.2  Amount of Water Required at Ishwardi Junction Station 
 

The railway authority is responsible for ensuring an adequate supply of water, meeting acceptable quality 

standards, to railway premises. To fulfill this responsibility, the water supply process involves assessing water 

requirements, developing water sources, purifying raw water, and ensuring proper storage and conveyance. This 

process is conducted for various water outlets, and the total water requirement is then calculated. Currently, there 

are no established standards for the amount of water needed to provide adequate water supply and sanitation 

facilities for stakeholders, nor for the maintenance of trains for cleaning, washing, and other purposes at stations. 

For this reason, the Indian Railways Works Manual (IRWM) has been selected, as similar water consumption 

patterns have been observed among South Asian countries. The measures for determining water requirements are 

outlined in Table 4. 

 

Table 4. Standard value of sector wise water requirement at station as per IRWM. Source: IRICEN, (2005). 

Accessed on 06/07/24. 
 

Particulars Demand (liters per day) 

Office 

Workshops 

45 per capita 

30 per capita 

Platform washing 

Passengers on Railway station 

Washing of Carriages on washing line 

Cleaning of Carriages on Platform 

Carriage watering 

                                      5 per m2 

25 per Passerger 

3600 per carriage Broad Gauge  

500 per carriage 

As per actual 
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As per Indian Standard, IS 1172: Code of Basic Requirements for Water Supply, Drainage and Sanitation  for 

railway stations, the requirements for water supply at terminal stations is  45 lpcd without bathing facilities and 

at junction station and intermediate station where mail or express trains stop is 45 lpcd without bathing facilities.  
 

3.3 Sector wise water requirement at station as per IRWM (for train services) 
 

Total 20 nos. of trains departs and arrives daily at Iswardi station. If it is considered 10 nos. carriages (coach) per 

train, 105 seat per carriages, then the total requirement of water per day as per IRWM; 

              = (105 seats x 10 carriages x 45 lpcd x 20 nos. passenger trains that passes the station everyday) 

              = 9,45,000 liters/day (Approximately) . 
 

3.4 Requirements for Water Supply at station as per IS 1172 : 1993 (for station services) 
 

If it is considered 10 percent of passenger use water supply and sanitation facilities at railway stations and 300 

nos. officers/staffs/ other stakeholders provide rail services at station, then the total requirement of water at 

Ishwardi Junction station per day as per IS 1172 : 1993; 

             = (105 seats x 10 carriages x 20 nos. passenger train x 45 lpcd x 10 %)  + (300 nos. x 45 lpcd) 

             = 1,08,000 liters/day (Approximately) . 
 

Table 5. Summary of calculated value of water requirement at IRS as per IRWM and IS 1172 : 1993. (Appro.) 
 

Requirement for train services, 

(liters/day) 

Requirement for station 

services (liters/day) 

Total requirement (liters/day) 

9,45,000 1,08,000 10,53,000 
 

3.5  Rainwater Harvesting System: an Upgraded, Water Efficient and Sustainable Approaches 
 

Water efficiency refers to the decrease in the usage of water as well as wastage of water. Wastage of water or its 

more usage leads to drawing out of more water from the fresh water resources, resulting its depletion. Thus, 

water efficient technologies should be introduced to conserve potable as well as non-potable water resulting save 

the already limited resources of fresh water.  

 

 
 

Figure 2. a) The simplified path of rainwater harvesting. b) Potentiality of rainwater harvesting because it’s 

raining at Ishwardi station. 
 

3.6  Quantity of Rainwater Could Be Harvested  
 

The amount of water that runs off a roof is usually calculated by the equation (Ahmed and Rahman, 2000):  

                                       Q = C × I × A                                                                        (1) 

where Q  is the amount of rainwater that runs off ( m3/year), C is the runoff coefficient of available runoff, I is 

the total rainfall intensity (m/y) and 𝐴 is the area of roof or the catchment area (m2 ). Since C is 0.8 (as adopted 

for this study), I is 1656.2 mm/y (1.656m) (for Ishwardi) and 𝐴 is 9,405 m2 (found from physical measurement of 

infrastructure at station, approximately) (7200 sft.+21000 sft. x 4 nos. +10,000 sft. = 1,66,000.00 sft. = 9,405 

m2), the amount of water (𝑄) that runs off (supply) at Ishwardi station is 12,414 m3 /y (≈ 1,24,14,600 L/y ). Thus 

the amount of water that could be harvested is 34,012 L/day. As per Indian Standard (IS 1172 : 1993), the total 

water requirement at Ishwardi station per day is 10,53,000 liters. However, considering four months as the rainy 

season, the amount of water that could be harvested during that period is is 34,012 × 30 × 4 = 40,81,440 L for 

Ishwardi station which is which is enough to use rain water as alternative and sustainable source. 
 

Table 6. Average monthly normal rainfall data (mm) in Bangladesh (Source: Bangladesh Metarological 

Department, cited on 02.07.2025). 

https://www.watercache.com/main/wp-content/uploads/slide2.jpg
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St. Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Dhaka 7.7 28.9 65.8 156.3 339.4 340.4 373.1 316.5 300.4 172.3 34.4 12.8 

Ishwardi 8.1 21.5 30.8 95.0 206.3 288.6 335.6 261.2 282.8 98.1 17.4 10.8 

Sayedpur 12.6 6.5 22.7 94.1 221.7 435.2 350.0 350.0 456.7 139.7 11.8 6.7 

Khulna 13.3 44.4 52.1 87.5 200.0 335.6 329.8 323.5 254.7 129.8 32.1 6.6 
 

3.7 Water Conservation Index 
 

The water conservation index/water saving rate measures the amount of water actually consumed in a building 

compared to the average water consumption. When assessing water usage at railway stations, we consider both 

the total amount of water consumed and the amount saved through rainwater harvesting. 
 

Table 7. Water Saving Rate for Rainwater harvesting potential (Approximately). 
 

Station Name Total water consumption at 

station, liter/day (Appr.) 

Harvested Rainwater at 

Stations, liter/day (Appr.) 

Water Saving 

Rate(percent/day) 

Ishwardi junction station 10,53,000 34,012 3.23% 
 

The total requirement of water at Ishwardi station per day is 10,53,000 liters. However, the amount of ground 

water could be conserved during 04(four) months of rainy season is 3.23%. So, there would be very high 

probability that will definitely reduce the pressure on withdrawn/pumped/supplied water and also partially solve 

the ground water depletion problem.  
 

3.8   Solar Power, a Renewable Energy Resource at Railway station 
 

The sun is the ultimate source of energy, and solar power is available worldwide. The rapid decline of 

hydrocarbon fuels used for power production compels us to explore alternative and effective sources for 

generating energy. However, generating substantial power from hydrocarbon fuels such as gas, coal, or oil 

presents challenges due to high costs, limited availability, environmental concerns, and the rapid depletion of 

foreign reserves required for purchasing these fuels. 
 

 
 

Figure 3.  a) Structural diagram for solar energy system. b) Sample of recommended area for Solar panel 

installation at Ishwardi station. 
 

Bangladesh is an agro-based country and most of its land is used for agricultural purpose. Electricity could be 

produced from non hydrocarbon fuels sources like solar power as renewable resources due to their wide 

availability in Bangladesh. As railway stations acquire more land and have also more infrastructures, so there is 

as great scope to insert solar power at station in order to mitigate land problem to establish solar park.  

3.9 Amount of Power Could Be Generated 
 

Bangladesh is one of the countries in the world where the sun heats the land throughout the year, providing 

significant opportunities for solar power. The roofs of railway stations, platforms, workshops, and other 

infrastructures can be utilized for installing solar panels. This study focuses solely on rooftop solar panels and 

does not consider unused land for solar parks or other installations; only the area of rooftops is taken into account 

for calculating solar energy potential. The average solar constant in Bangladesh is 4.5 kWh/m² per day. Solar 

panels are rated based on the amount of power they can produce under ideal conditions, typically around 1,000 

watts per square meter per hour. However, in real-world conditions, the actual output is usually only between 

(200 to 300) watts per square meter per hour, accounting for various losses. The total rooftop area of different 

infrastructures at Ishwardi railway station is approximately 166,000 square feet, which converts to about 9,405 

square meters. Once solar panels are installed on the roof, the total electricity generated daily is estimated to be 
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2.35 MWh (9,405 m² x 250 Wh/m²). This output is sufficient to position solar power as a viable alternative 

energy source, considering the production capacity of the solar panels at 250 W/m². 
 

4. Conclusion and Recommendation 
 

This paper presents a sustainable approach to water and power consumption at Ishwardi railway station. Both 

water and power are finite resources. As the global population and living standards continue to rise, issues 

related to water and energy are becoming increasingly critical. However, the availability of these resources 

remains constant. A significant reduction in per capita water and power consumption can be achieved through 

rainwater harvesting and the utilization of solar power at railway stations. Transitioning to renewable energy is 

not merely ideological; it offers various benefits, including enhancing 'green' credentials, lowering energy bills, 

providing the opportunity to sell electricity back to the national grid, and increasing the security of the power 

supply by reducing reliance on fossil fuels. Implementing rainwater harvesting can help meet new standards for 

power and water efficiency being developed in communities and can also strengthen the water-power nexus at 

railway stations. The findings of this paper may be valuable to railway authorities, as well as public and private 

institutions, for future studies aimed at creating more efficient railway stations. Ultimately, this research could 

contribute to achieving the goals outlined in the UN Agenda 2030, particularly Sustainable Development Goals 6 

and 7. This work could serve as a foundation for more comprehensive research into the development of energy-

efficient and water-resourceful railway stations. As technology continually improves, there is always room for 

advancement, and several recommendations arise from the study: 
 

1. A long-term commitment from the government is essential to promote energy-efficient and water-

conserving railway stations. 

2. A comprehensive end-use analysis should be conducted to evaluate progress in the installation and 

enhancement of solar panels and rainwater harvesting systems. 

3. An ample reserve of renewable energy resources alone cannot guarantee energy security and sustainable 

economic growth without effective governance. Progress toward energy sustainability requires a dual focus 

on increasing the supply of renewable energy and enhancing energy efficiency. 

4. A certification program should be established to develop and maintain databases for end-use analysis to 

support policy formulation. 
 

 

References 
 

Abdulrazak, L.F., Islam A. and Hossain, M. B. (2021). Towards energy sustainability: Bangladesh perspectives. 

Energy Strategy Reviews, 38 (2021) 100738. 

Ahmed, M.F. and Rahman, M.M. (2000). Water Supply and Sanitation: Rural and Low Income Urban 

Communities. International Training Network, Dhaka.  

Carneiro, M. A., Fonseca-Soares, D. D. L.,  Pereira H M. and Ramos-Ridao, A. F. (2022). An Approach for 

Water and Energy Savings in Public Buildings: A Case Study of Brazilian Rail Company. Sustainability 

2022, 14, 15921.  

Hamed, R.E. (2023). Sustainable Energy Production Solutions in Railway Stations. Journal of Survey in 

Fisheries        Sciences, 10(3S) 5416-5434, 2023.  

Islam, M.R.(2019). Rainfall in Bangladesh: Is Rainwater Harvesting a Sustainable Approach for Governing 

Rainwater? European Journal of Sustainable Development. 8, 5, 433-444, ISSN: 2239-5938.  

Laskar, M.A.R. (2017). Piezoelectricity: An Energy Source for Future Railway Stations. SEU Journal of Science 

and Engineering. Vol. 11, No. 2, December 2017.  

Santos. (2020). Study on the applicability of sustainable technical solutions in railway stations. M.Sc. Thesis, 

Department of Civil engineering, University of Lisbon, Purtugal.  December 2020.  


