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Abstract—The increasing consumption of energy and the 

greenhouse-gas emissions are challenges in the transport and 

building sectors. Compared to the other transportation types 

public railway transport systems are the most energy efficient 

regarding carbon footprint. Modern urban railway public 

transport systems have the significant advantages of large 

passenger capacity, punctuality, safety, going green in the urban 

environment and reducing carbon footprint, is a scientific 

consensus. However, the energy demand for railways are 

increasing in proportion to passenger load, require implementing 

innovative solutions for optimizing the energy consumption and 

reducing carbon emission. Leadership in Energy and 

Environmental Design (LEED) is a building rating system used 

worldwide. The credit categories of the LEED consist of seven 

different topics from the Energy and Atmosphere to Materials 

and Resources. In this study, the LEED certification application 

to railway station and facilities will be discussed mainly energy 

efficiency criteria.  

 

Index Terms—Railway buildings, energy efficiency, green 

building certification, LEED  

 

I. INTRODUCTION 

S THE TRANSPORTATION sector has a significant 

share in the economy of each country, there is severe 

competition among the different modes of transport in the 

European Union countries [1]. Also, urban transport is the 

source of one-fourth of the CO2 emissions in the transport 

sector and 7% of the total greenhouse gas emissions [2]. Road 

transport has adverse effects such as traffic congestion, 

 
ERKAN DURSUN, is with Department of Electrical and Electronics 
Engineering of Marmara University, Istanbul, Turkey, (e-mail: 
erkandursun@marmara.edu.tr).  

 https://orcid.org/0000-0002-7914-8379 
 

SECIL VARBAK NESE, is with Department of Electrical and Electronics 
Engineering of Marmara University, Istanbul, Turkey, (e-mail: 
secil.varbak@marmara.edu.tr). 

 https://orcid.org/0000-0002-1118-5085 
 

BEYHAN KILIC, is with Department of Electrical and Electronics 
Engineering of Yildiz Technical University, Istanbul, Turkey, (e-mail: 
beykilic@yildiz.edu.tr). 

https://orcid.org/0000-0002-8438-8369 
 

Manuscript received October 20, 2019; accepted November 24, 2019.  
DOI: 10.17694/bajece.649183 

dependence on fossil fuels, the environment, noise, accident 

rate [1,2]. For this reason, it is vital to increase the number of 

integrated, accessible and environmentally friendly transport 

systems to reduce carbon emissions and improve urban living 

conditions [2]. Railway transport attracts more attention than 

road transport. In this context, the European Union countries 

aim to increase the share of railway transport by 10% until 

2020 and as a result, to reduce fuel emissions by 50% [1].  

Today transportation is mostly provided by vehicles that use 

petroleum products as fuel. In railway transportation, it is 

thought that dependency on petroleum products is decreasing 

as electric motors are used. On the other hand, in many 

countries, electricity generation is based on oil and coal-based 

generation [3,4]. According to the data of 2016, more than 

33% of passengers in Japan preferred to use railway 

transportation, while the number of rail passengers in China 

was 16.1 billion in urban and 2.8 billion in inter-city. This 

increased utilization not only increases the infrastructure load, 

but it also brings with it the requirements of innovation and 

change [5]. There is also a competitive environment due to the 

ever-increasing environmental performance and energy costs 

of other types of transportation, such as the automotive sector. 

In this competitive environment, it is necessary to reduce 

energy use while increasing the quality of rail transport 

services [6]. 

LEED is the most common international certification system 

for sustainable buildings with goals such as energy 

conservation, rational water use, developing a regional project 

area, improving interior building quality, conscious use of 

building materials and innovation [7]. Globally, 1.9% of 

transportation final energy claims and 4.2% of CO2 emissions 

from the transport sector in 2015 were due to railway transport 

[8]. In this context, the U.S. Green Building Council 

(USGBC) and Green Business Certification Inc. (GBCI) have 

announced a new LEED pilot rating system for green building 

to cover transit systems around the world: LEED V4 

Operations and Maintenance (O+M): Transit. The new rating 

system is developed a LEED certification for the design, 

construction and operation of transport organizations 

including facilities and stations with a holistic approach. The 

new performance platform will simplify monitoring the data in 

railway stations about water, energy usage, waste production, 

transportation and passenger experience in totally five 

categories. The LEED management committee, 

commissioning authority that approves main changes in the 

technical requirements, validated the new pilot rating system 
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[9]. In this study, the LEED certification application to railway 

station and facilities will be discussed mainly energy 

efficiency criteria.  

 

II.  LEED V4 O+M: TRANSIT CERTIFICATION FOR RAILWAY 

BUILDINGS AND STATIONS 

Railway transit systems reduce traffic congestion, emissions, 

and energy used compared to other transit modes; it improves 

inherently sustainability of cities. However, the energy 

demand for railways is increasing in proportion to passenger 

load, require to implement innovative solutions for optimizing 

the energy consumption and reducing carbon emission [10]. 

The USGBC launched a new LEED pilot system to meet the 

particular requirements of transport systems. This pilot system 

focuses on the transportation buildings, like passenger 

stations, depot areas, terminal buildings [11]. Especially 

railway facilities have high energy usage, water usage, a waste 

production which affects people lives and environment [12]. 

The railway station buildings and facilities can take the 

opportunity to become energy efficient, cost-effective and 

environmental friendly by implementing LEED v4 O+M: 

Transit. This pilot system is interpreted as in collaboration 

with the specific needs of metro stations and facilities LEED 

certification. It aims at enabling metro stations performance. 

LEED v4 O+M: Transit can be used to monitor and compare 

performance across the transit system. The description below 

and in the certification section outlines how to document 

performance, identify areas for improvement and certify to 

LEED. To confirm, project teams must complete two 

components made up of the LEED v4 O+M rating system 

[13]. The Arc-online performance platform addresses the need 

for existing buildings, stations through continuous data 

uploads, real-time analysis. Even though a building has not 

certified yet, can participate in the platform, record 

incremental improvements and performance in five key 

subcategories. In this context, LEED v4 O+M: Transit will 

allow transport facilities and stations will enable monitoring 

and measuring performance, make improvements, score 

performance and to benchmark efficiencies. This rating 

system promotes the railway operators reduce their 

environmental footprint and also create awareness on 

sustainability. Railway operators can reduce their 

environmental footprint, while also create awareness on the 

importance of sustainability and opportunities in minimizing 

greenhouse gas emissions [14]. 

Except for the primary structures as rail lines, tunnels, bridges, 

and tracks, railway systems own to different facilities like 

railway passenger stations, office buildings, depot areas, 

maintenance shop, control rooms, traction substations. 

Inherently, the multi-layered of technical and organizational 

processes take place at railway facilities, especially railway 

stations. The challenge is the interdependence of railway 

subsystems of complex railway systems to ensure sustainable 

operation, safety, security and environmental sensitivity. The 

complex railway systems especially facilities require an 

integrated application of intelligent technologies and 

operational strategies to reduce energy consumption and 

carbon emission. Railway passenger stations are the central 

component of railway networks, which thousands passenger 

board and alight complex areas have passenger platforms, 

concourses, ticket offices. To maintain safe and secure 

passenger flow in the system is a crucial issue. While 

organizing the station facilities and infrastructure to ensure a 

smooth flow of passengers, especially in peak times, energy 

efficiency, environment-friendly, and sustainable solutions are 

required [15]. 

III. THE ACHIEVED LEED CERTIFICATION AT METRO STATIONS 

AROUND THE WORLD 

The LEED v4 O+M: Transit gives an opportunity to address 

measuring the performance of facilities of metro stations. 

Railway operators can reduce their energy consumptions, 

while also drawing the attention to the importance of 

sustainability in the public transportation sector [16]. 

Transportation generated 14% of all greenhouse gas emissions 

in 2010. In the United States, 27% of the greenhouse gas 

emissions in 2015 were due to transportation. There are more 

than 160 cities in the world that have developed metro 

networks, most of which are in Asia and Europe. In a day, 

more than 160 million passengers travel on metro lines, and 

only more than 80 million passengers travel on metros in Asia 

[17]. 

 
 

Fig. 1. Some examples of the LEED-certified railway: Delhi Metro Rail 
Station(a), Denver Union Station Transit Center(b), The Fulcon Center(c), 

Rock Island District Station(d) [18-21]. 

 

Some examples of the LEED-certified railway station 

buildings all over the world are shown in Fig.1. The first 

metro is achieving the pilot, LEED v4 O+M: Transit 

certification, for Delhi NCR metro stations in India, is Delhi 

Metro Rail Corporation (DMRC). LEED v4 O+M: Transit 

will allow transport facilities and stations will allow 

monitoring and measuring performance, make improvements 

and score performance and to benchmark efficiencies. The Arc 

performance platform provides data flow from stations and 

benchmarking interstations, improvements about five key 

categories [18]. The Sound Transit's light rail facility has 
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achieved the LEED Gold certification for green 

implementations in the construction of the Angle Lake Station 

in the USA. The station has built environmentally sustainable 

specifications. 60-solar panel integrated into the platform roof 

generates energy up to 18 kWh/year. The escalators speed 

reduces if no passengers. 50 kW solar panels installed on the 

pedestrian walkway. Four charging stations are installed in the 

garage. Recycled material that not contains toxic chemicals 

were used for construction. The station lightings energy 

consumption reduced by LEDs [22]. The Sound Transit wants 

to obtain LEED Silver certification for future maintenance 

facilities [23]. Illinois district metro station has achieved 

LEED gold certification. The station implemented sustainable 

applications like PV roof, sensor-fitted lighting [24]. The 

Metropolitan Transportation Authority has gained LEED 

Silver rating for the Fulton Center in Manhattan which is the 

first underground station. Some applications were realized in 

the main categories as energy efficiency, water usage. More 

than 25% energy savings were achieved compared to baseline 

consumption. The Fulton Center provides energy from 

renewable sources in 50% rate. The other measures are using 

daylighting reducing electricity consumption, using low-flow 

plumbing fixtures. The Denver Union Station Transit Center 

serves local and regional buses, free MetroRide and MallRide 

buses, commercial Amtrak and commuter light rail. 25% 

decrease in energy costs and 35% decrease in water usage 

were observed. Also, 92% construction waste rate has reached 

the landfill site [25]. Fulton Center on Broadway has LEED 

Silver certification. The Metropolitan Transportation 

Authority has achieved 25% energy saved and 40% reduction 

in water usage with low-flow plumbing fixtures by Fulton 

Center according to similar constructions. Also, 50% of 

energy is supplied from renewable sources. In addition to this, 

electricity usage is decreased using daylight by iconic oculus 

[26, 27]. Metro downtown Rock Island District Station has 

LEED gold certification. The solar panel integrated roof, 

sensor-fitted lighting and the re-use of rainwater systems are 

used in the station as sustainability features [18]. Canada 

LEED certification program launched for the building design, 

construction, and operation processes [23]. GO Transit's 

Pickering station has gained a first LEED Gold rating and 

provided 60% energy savings annually. Some of the building's 

eco-friendly features are listed below: heat pump using, a heat 

recovery unit, low-flow plumbing fixtures, 45% more potable 

water, a waste management plan implemented 80% 

construction waste from landfill. In Germany, the railway hub 

in Kerpen Horrem supplies its energy through solar panels 

within the scope of Station Green programme. A geothermal 

system provides clean and sustainable floor heating at stations 

[28]. In England, Accrington railway station has a non-heated 

hall to take advantage of solar gain. Other environmental-

friendly features like rainwater harvesting, solar hot water 

generation and solar photovoltaic technology applied for the 

energy conservation [29]. In Hong Kong, The Mass Transit 

Railway Corporation (MTR) serves over seven million people. 

At the main passenger terminal, 73 escalators and 8 moving 

walkways were installed when not in use automatically slow 

down to reduce electricity consumption and, when the built-in 

radar sensors detect a passenger, it will accelerate. Depending 

on passenger volumes, escalators and moving walks with this 

feature can save up to 60% of the energy consumed. 33 

escalators are installed to reduce power consumption and 

regenerate electricity with the weight of the passengers the 

steps down, working as a generator [30]. 

IV. ENERGY EFFICIENCY OPPORTUNITIES FOR 

RAILWAY TRANSPORT SYSTEMS AND METRO 

STATIONS  

Railways are a vital mode of passenger transportation for both 

urban and intercity throughout the world. As large-scale public 

constructions, railway stations are massive structures with 

high windows and large floor spaces, long platforms, a high 

ratio of walls, high circulation of people, and have the 

oversized technical equipment, like escalators, lifts, HVAC 

systems, lightings. Railway stations also have long operation 

hours [31]. The oversize of the railway network leads to 

significant resource consumption. Railway systems’ energy 

consumption can divide into two major categories. The first 

one is the construction consumptions that consists of train 

lines, facilities, stations, technical equipment, and trains and 

after construction process, cannot be changed this 

consumption. It is important to highlight the decisions during 

the design process, the construction of infrastructure, trains, 

and technical systems are hard to change afterward. Therefore, 

the decision makers should take into considering the 

environment and energy with a future vision conceptually. The 

energy consumption during construction of facilities is not 

covered in this field of research. The second is the whole 

railway systems energy consumptions that divided into 

traction of trains and non-traction or auxiliary uses. Traction 

energy is consumed by running trains while non-traction 

energy is consumed for the stations, infrastructure facilities, 

train maintenance workshops, offices. Traction energy is not 

within the scope of this study. There is an enormous potential 

for promoting efficiency in non-traction areas of railway 

facilities, stations, and offices (Table I) [32]. 

 
TABLE I 

ENERGY SAVING POTENTIAL IN STATIONS AND CONCESSIONS  

 

 
Recommended efficiency 
measure 

Subsystem saving 
potential 

Lighting 

Intelligent control 10-30% 

Replacement of less efficient 
lighting 

10-40% 

Heating and cooling 

Intelligent control including 
temperature setting 

10-20% 

Insulation of roof and wall 10-30% 

Renewal of installation 20% 

Modern heat pumps (A+) Up to 30% 

Powered equipment 
New efficient drives (A+) and 
intelligent control 

10-40% 

Concessions/shops 
Targets and energy audits built 
into contracts 

Up to 20% - 
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In the study [32], railway station buildings including 

passenger boarding platforms, concourse area. Railway 

stations can be divided into three main groups: underground, 

surface and tunnel type. The energy consumptions of the 

railway stations vary from each other because of different 

kinds of equipment and features. Divisions of railway systems 

into subsystems ensure much better the understanding of total 

and partial energy consumption. Thus, energy consumptions 

of components or subsystems can be determined. Realizing 

gains in energy efficiency and emission reduction requires the 

holistic energy efficiency measures. The system’s total energy 

consumption identified by the division of the systems to 

subsystems or components. 

Railway stations have enormous energy consumption 

compared with other large public buildings. According to an 

energy survey, massive stations energy consumption is about 

214 (kWh/m2) per year; compared with similar buildings. 

Accordingly, the station buildings have high-efficiency 

opportunities for renovating existing buildings. HVAC 

equipment contributes to 59%–67.9% of all consumption in 

underground stations [33]. The most significant energy loads 

were identified as HVAC and lighting systems in underground 

stations may represent up to 60% of the total consumption 

[34]. The factors that affect energy consumptions of HVAC 

systems in the rail facilities should be investigated as 

temperature setting values and programmable specifications. 

According to local temperature, HVAC systems’ duty cycle 

must be determined for energy efficiency measures. An energy 

audit should be accomplished for the lighting and HVAC 

systems at the facility. Variable Frequency Driven (VFD) 

HVAC systems can ensure better energy efficiency by 30% 

[35]. The cooling demand can be reduced by incremental 

temperature changes from station entrance hall to platform. 

The exhaust fans can be set according to the outside 

temperature. If the external environment temperature is lower 

than 22°C, exhaust fans can blow out the station, air so that 

cool outer air to be pulled into the station through the 

entrance. This application reduces energy consumption. The 

incoming train to the underground station circulates cooled air 

between the station and the tunnel. The train forces cooled air 

to the tunnel [36]. This is defined as the piston effect. Platform 

screen door reduces this effect. Energy consumption of metro 

systems is shown in Fig.2. Traction consumptions 40%, 

HVAC is 30%, elevator and lifts consumes 12%. For the 

lighting system 10%. Finally, 4% for the drainage system [37]. 

 
Fig. 2. General energy consumption ratios of metro systems [37]. 

V. ISTANBUL URBAN RAILWAY SYSTEMS 

Istanbul is the most significant city in Turkey which has over 

15 million populations. The Metro Istanbul Corporation, the 

most prominent operator of urban railways in Turkey, has 174 

km of railway lines and transports 1.6 million passengers 

daily. Electrical energy consumption of The Metro Istanbul 

Corporation for the 2017 year was 293 million kWh [38]. The 

on-going new metro line construction’s length is 207.6km. In 

Istanbul urban area, 270.6 km railway lines are in project 

phase [39]. The Istanbul urban lines and stations specifications 

are summarized in Table II. 

 
TABLE II 

ISTANBUL URBAN RAILWAY LINES SPECIFICATIONS [39] 
 

Line Name of 
line 

Length 
(km) 

Stations Escalator 
number 

Lift 
number 

Passenger/day 

M1A Yenikapı-
Atatürk 
Airport 

 

19.75 18  235 65 400000 

M1b Yenikapı-
Kirazlı 

14.17 13 135 65 400000 

M2 Yenikapı-
Hacıosman 

20.6 16 NA NA 320000 

M3 Kirazlı-
Başakşehir 

15.9 11 NA NA 70000 

M4 Kadıköy-
Tavşantepe 

25.6 19 259 70 70000 

M5 Üsküdar-
Yamanevler 

10.6 9 NA NA Recently 
commisioned 

M6 Levent-
Boğaziçi 

University 

3.1 4 NA NA NA 

T1 Kabataş-
Bağcılar 

18.2 31 NA NA 320000 

F1 Taksim-
Kabataş 

0.594  2 NA NA 35000 

T3 Kadiköy-
Moda 

2.6 10 NA NA 1800 

T4 Topkapı-
Mescid-i 

Selam 

14.5 22 NA NA 170 000 

 Marmaray 13.6  5 NA NA 75000 /hour 

NA: currently not available  
 

M1A light metro line initial started up in 1989. This light 

metro line consists of partially underground, tunnel, surface, 

and viaduct stations. The energy consumption of LRT line is 

63.35 million kWh in 2015. Since it is the oldest line in 

Istanbul, the efficiency audit was conducted at one of the 

tunnel stations. The Bahçelievler station is shown in Fig.3. 

The station installed power distribution and energy 

consumption are given in Fig.4 and Fig.5, respectively. 

 

 
Fig.3. The Bahçelievler tunnel station passenger platform 
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Fig.4. Bahçelievler tunnel station technical equipment installed power (kW) 

diagram. 

 

 
Fig.5. The Atatürk Havalimanı–Yenikapı LRT line Bahçelievler tunnel 

station monthly energy consumptions [34]. 

 

 

 

Escalators are one of the most energy consuming systems in 

underground stations. In the underground stations, the most 

energy consuming group is HVAC systems [40]. However, in 

the tunnel type stations, the before and after stations are open 

stations, HVAC systems are not frequently used because of 

the piston effect of the trains. The incoming train to the 

underground station circulates air between the station and the 

tunnel [36]. Escalators energy consumption can reduce using 

sensors by 30% compared to non-sensor escalator [41]. 

The lighting energy consumption takes the second place. 

Lighting systems ratio to the installed power is 2%. Because 

of the lighting system is open 24 hours for security and 

comfort reasons, energy consumptions of lightings systems 

rise to 34%. The measurement of escalators and platform 

lightings are given in Fig. 6, 7, 8 and 9 respectively. The 

escalators in Bahçelievler station have no sensors, Fig.6. The 

airport station escalators have motion sensors. However, the 

airport station is out of the scope of this audit, the 

measurement is shown here for the benchmarking. 

 

 

 

 

Fig.6. Daily energy consumption of one of the escalators, without motion sensor, at Bahçelievler tunnel station 
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Fig.7. Daily energy consumption of the airport underground station’s escalators with the motion sensor.  

 

Fig.8. Bahçelievler platform lighting energy consumptions  
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Fig.9. Bahçelievler tunnel lightings energy consumption 
 

Lighting systems at the stations are the second energy 

consuming category after HVACs. The energy consumptions 

can be reduced by 28% applying new technologies like LEDs 

and smart lighting control systems. The general initiatives are 

identified based on the latest available technologies to reduce 

the consumption. Energy savings measures ensuring security, 

safety and comfort for passengers for the existing and elderly 

metro stations, like Yenikapı-Atatürk Airport LRT line, can be 

listed below: 

-Lighting management in train stations: Railway stations have 

limited activity on the platforms, tunnels and outdoor spaces at 

night, especially after 12 pm. The constant light levels make 

light pollution during the night period. However, the challenge 

is safety and security problems for passenger and personal 

when lights off. The energy saving can be provided by using 

intelligent lighting and sensors in station facilities. The 

lighting level must be sustained in acceptable minimum values 

at platforms and tunnels during the night period that trains are 

at the park area. LED lights usage in stations, information 

panels, tunnels can provide energy reduction up to 40% and 

reducing emission for the environment [42].  

-Installing renewable sources on-site: The most common 

renewable energy integration is a solar PV system. The second 

renewable energy source is wind turbines. Wind turbines in 

urbanized areas can generate disturbing noise, and the 

interfering obstacles must be taken away to produce maximum 

energy. Renewable energy systems must be evaluated 

observantly regarding availability and sustainability [41]. 

Renewable sources can partially feed the non-traction loads 

like HVAC, lifts, escalators, lightings at stations. 

-The use of natural light and Led lightings 

-High-performance roof for collecting and reusing rainwater: 

These identified water conservation measures included both 

demand-side reduction like the use of water-efficient fixtures 

and supply-side measures like sewage treatment plant and 

rainwater harvesting. There exists a water saving potential of 

around 71% [43]. 

-Installing motion sensors for escalators. 

-Using the regenerative braking energy of trains: By the use of 

the braking energy, there is a reduction of the CO2 emissions. 

The amount of energy is reduced due to the use of the 

regenerative brake. There is a reduction potential of 

approximately 30% of the energy consumption [23]. 

-Installing platform screen doors 

-Policymaking for sustainable improvement: policy-making 

team and strategists have to be employed by railway operators. 

-Building retrofit and energy efficiency projects: Before 

planning to reduce energy consumption at rail facilities, an 

energy audit must be executed. Because of significant capital 

investments of energy saving implementations, a cost analysis 

requires for determining the payback period. 

VI. CONCLUSION 

LEED certification is the most common of the certification 

developed for the standardization of green buildings for a 

sustainable future. LEED v4 O + M: Transit certification has 

been introduced for transportation, which has a large share in 

emissions, waste and energy consumption, such as living 

areas. It is a well-known fact that railway transport systems 

are seen as the most innocent especially in terms of 

environmental factors and so government-promoted means of 

transportation. On the other hand, greenhouse gas emissions 

should be minimized in railway transport for sustainability. 

The energy consumption of railway transport systems due to 

elevators, escalators, lighting and HVAC systems with long 

working hours under negative effects results of their physical 

structures and usage as public areas are essential amounts. In 

addition, the use of electric motor as an actuator and the fact 

that the production of electric energy in many countries is 

based on fossil fuel makes it necessary to provide energy 

efficiency in railway systems. 
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