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ABSTRACT
By the second decade of the XXI century, the railway transport of India came up with an important result — 
the Program announced on April 1, 1992, called Unigauge for the transfer of the railway network to a single 

gauge of 1676 mm was basically completed. In 2022, the operational length of wide-gauge roads on the Indian railway network 
was 65,094 km, or 95.7 % of its entire length. This opened up the possibility of creating a modern unifi ed railway transport 
system and organizing its optimal interaction with other modes of transport.

The management of the railway transport of India, represented by the Ministry of Railways, has focused efforts on the 
modernization of all components of the large railway economy — strengthening track structures, upgrading bridge facilities, 
introducing modern means of ensuring train traffi c and transportation safety, updating rolling stock. The basis for improving the 
work of railway transport is the electrifi cation of railways, the completion of which is planned in the next decade.

All decisions taken to modernize railways are aimed at reducing operating costs, improving effi ciency, environmental cleanli-
ness, comfort and speed of passenger travel, reducing the delivery time of goods, as well as improving the safety of transporta-
tion by rail.

KEYWORDS:! Indian Railways; history of transport; modernisation; electrifi cation; increased economy and environmen-
tal friendliness of the transport; increased speed of freight and passenger delivery

For citation: Zakharov V.B., Komarov E. Railways of India. Time to update and upgrade. BRIСS transport. 2023; 2(3):3. https://doi.
org/10.46684/2023.3.3.

Обзорная статья

Железные дороги Индии: время обновления и модернизации
В.Б. Захаров1�, Е. Комаров2

1 Петербургский государственный университет путей сообщения Императора Александра I (ПГУПС); г. Санкт-Петербург, Россия;
2 Независимый исследователь; г. Санкт-Петербург, Россия
1 vlad_zaharov@mail.ru�; https://orcid.org/0009-0000-7195-3632
2 komar77@internet.ru

АННОТАЦИЯJКо второму десятилетию XXI столетия железнодорожный транспорт Индии подошел с важным ре-
зультатом – в основном завершена объявленная 1 апреля 1992 г. Программа, получившей название 

Unigauge по переводу железнодорожной сети на единую колею 1676 мм. В 2022 г. на железнодорожной сети Индии эксплу-
атационная длина дорог широкой колеи составляла 65 094 км или 95,7 % всей ее протяженности. Это открыло возможность 
для создания современной единой транспортной системы железных дорог и организации ее оптимального взаимодействия 
с другими видами транспорта.

Министерства железных дорог Индии сосредоточило усилия на модернизации всех компонентов большого железно-
дорожного хозяйства – усилении конструкций пути, модернизации мостового хозяйства, внедрения современных средств 
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CURRENT STATE OF INDIA’S RAILWAY 
TRANSPORT AND PROSPECTS FOR ITS 
DEVELOPMENT

As noted earlier, India’s state railways rank fourth 
in the world in terms of track length (68,193 km). To-
day, the Indian railway network is almost entirely on 
the 1676 mm wide gauge (95.7 per cent of the opera-
tional length). In terms of railway density – the num-
ber of kilometres of operational length per 1,000 km2 of 
territory – India, compared to other countries, is in the 
middle of the list – 20.4 km/1,000 km2, ahead of China 
(11.4) and four times higher than Russia (5.0). How-
ever, such an important indicator as the operational 
length of lines with two or more main tracks – 41.2 % 
of the total – needs to be improved. The relative indi-
cator of the number of personnel engaged in railway 
operation is high; according to the given indicator per 
1,000 km of operational length, it is 17.8 thousand per-
sons (Table 1).

Indian Railways lags behind the other three largest 
railways in the world in terms of length: the US, China 
and Russia in terms of such an important indicator 
characterising transport output per unit length of the 
railway network as freight work per kilometre of op-
erating length (freight load). The record holder in this 
indicator — Russian railways — has this value equal 
to 29.7 million tkm/km of operating length, while 
in China – 21.9; in the USA – 14.13; in India – 10.41 
(Table 1).

The number of passengers carried in the fi rst “Cov-
id” year (2020) on Indian railways is 8086 million — is 
the highest in the world (in 2022, the number of pas-
sengers carried on Indian railways fell to 3,519 mil-
lion), but if we look at it in comparison to the number 

of population, it is not that much. India has 17 times 
the population of Germany, but Indian railways carried 
only twice as many passengers as German railways 
in 2022.

However, the passenger intensity (passenger load 
factor) of Indian railways is high. With 8080 million 
passengers carried per year and 1 050 738 passenger 
kilometres travelled, it is 15.4 million passenger kilo-
metres/km of operational length. In Japan, the fi gure 
is 9.7; in China, 8.62; in Germany, 1.38; in Russia, 0.8.

The British colonisers left an unenviable legacy 
to India in terms of technical equipment of railways. 
The main problem, as noted above, was the mainline 
railway network, which consisted of sections with 
diff erent gauges. In 1955, out of 54,500 km of opera-
tional length, 25,17,000 km (or 46.1 per cent) were of 
1676 mm gauge; 24,15,000 km (44.3 per cent) were 
of metre gauge and 5,200 km (9.85 per cent) were of 
narrow gauge (762 mm and 610 mm gauge lines)1 [8]. 
A large amount of fi nancial and material resources 
have been channelled by the Ministry of Railways of 
India over the past decades to unify the Indian rail-
way network on the basis of 1676 mm wide gauge. By 
now, the objective has been practically achieved: of the 
68,193 kilometres of operational length, 95.7 per cent 
are 1676 mm wide gauge railways.

In 1955, 8 years after the country’s independ-
ence, the wide-gauge steel rails with the weight of 
44.6–49.6 kg/run. m were laid on the main tracks, which 
made up 46.1 per cent of the operational length. The 
length of the laid track was small: from 9.14 to 12.8 m, 
which resulted in a large number of joints, required 
manual labour for maintenance, and did not allow to 
provide the necessary comfortable and safe movement 
of trains at a speed of more than 100 km/h according 

обеспечения движения поездов и безопасности перевозок, обновления подвижного состава. В основу совершенствования 
работы железнодорожного транспорта положена электрификация железных дорог, завершение которой планируется в 
ближайшем десятилетии.

Все принимаемые решения по модернизации железных дорог направлены на снижение эксплуатационных расходов, 
повышение эффективности, экологической чистоты, комфорта и скорости проезда пассажиров, сокращение сроков достав-
ки грузов, а также повышение безопасности перевозок по железным дорогам.

KЛЮЧЕВЫЕJСЛОВА:! железные дороги Индии; история транспорта; модернизация; электрификация; повыше-
ние экономичности и экологической чистоты перевозок; увеличение скорости доставки 
грузов и пассажиров

Для цитирования: Захаров В.Б., Комаров Е. Железные дороги Индии: время обновления и модернизации // Транспорт БРИКС. 
2023. Т. 2. Вып. 3. Ст. 3. https://doi.org/10.46684/2023.3.3.

Vladislav B. Zakharov, Egor Komarov

Railways of India. Time to update and upgrade

1 Data from the 1955 compilation of World Railways [9]; data published in 2023 by the Indian Ministry of Railways diff er slightly 
from the above, but within 1–2 per cent. Project Unigauge.
URL: https://en.wikipedia.org/wiki/Project_Unigauge; 
What is project unigauge. URL: https://www.railnewscenter.com/what-is-project-unigauge/railway-employee/
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to the ideas of that time. The track was laid mainly on 
wooden sleepers, rarely on metal ones. On a number of 
narrow-gauge lines single cast-iron supports instead of 
sleepers were used [9, p. 359].

With such track structure maximum speeds on 
the wide track rarely reached 96 km/h, on the me-
tre track — 72 km/h, on the narrow track 762 mm — 
48 km/h and 610 mm — 29 km/h. On the electrifi ed 
section of the wide-gauge passenger trains on several 
sections developed speed up to 104 km/h [9, p. 359].

At present, high-strength thermally compacted rails 
with the weight of 52–60 kg/run. m, welded into long 
lengths and laid on reinforced concrete sleepers with 
the help of elastic rail fasteners, are laid throughout 
the entire wide gauge railway network of India [10].

In 1955, the main means of communication in the 
movement of trains on especially important single-
track sections was the electrical tablet system. The tel-
egraph method of communication and such systems of 
train traffi  c organisation (mostly on metre and narrow-
gauge lines, but also on some wide-gauge sections) as 
“movement by one locomotive”, “movement with one 
tablet”, “movement by written messages” were also 
used.

Autoblocking was used on some double-track lines 
and dispatch control of train traffi  c was introduced on 
a number of lines [9].

Single-wing semaphores were mainly used as sig-
nalling devices, signalling “track clear” by lowering the 
wing, as it is customary on the British railways. Traffi  c 
lights were used on autoblocked sections (about 100 
km), as well as at a few large stations such as Bombay 
(Mumbai), Kolkata, and Madras, equipped with elec-
trical centralisation systems for switches and signals. 
The Naihati sorting station is equipped with wagon 
retarders [8]. The Second Development Plan of Indian 
Railways (1956–1960) envisaged signifi cant work to im-
prove signalling, centralisation and interlocking (SCI) 
systems and to improve the safety of train traffi  c, how-
ever, until today the state of SCI and communication 
devices lags behind the general pace of development 
of the country’s railways.

As of the beginning of 2020, only 3.5 thousand kilo-
metres of the operational length of railways have au-
tomatic interlocking of train traffi  c [10]. The rest of the 
length is mainly manually controlled by switches and 
signalling by signallers, mostly with the use of traffi  c 
lights. The development of signalling and communica-
tion systems with automatic devices, including the lat-
est microprocessor-based ones, is the most important 
task of modernisation of Indian railways against the 
backdrop of one of the highest accident rates on Indian 
railways in the world today.

SWITCHING TO NEW TYPES OF TRACTION

In 1955 the main means of traction were steam lo-
comotives, the total number of which was: 5,360 wide 
gauge, 2,789 metre gauge, 405 narrow gauge. There 
were 35 wide gauge diesel locomotives, 66 electric lo-
comotives, two battery cars, 7 diesel locomotives of 
wide gauge, 46 of metre gauge, 151 of narrow gauge. 
On suburban electrifi ed wide gauge sections 151 pas-
senger motor cars were used, on electrifi ed sections of 
metre gauge — 24 motor cars [9].

The total fl eet of passenger cars was 8211 units 
(wide gauge), 6908 units (metre gauge), 1111 units 
(narrow gauge). The fl eet of freight wagons included 
157 thousand units (wide gauge), 59 thousand (me-
tre gauge), 5.4 thousand (narrow gauge). Wide-gauge 
cars and partially metre gauge wagons were almost 
completely equipped with vacuum brakes, all narrow-
gauge cars — with hand brakes [9].

Nowadays steam traction is used only for the move-
ment of special excursion retro trains both on wide 
gauge and other railways. All passenger and freight 
work on the railway network is carried out using die-
sel locomotive and electric traction, which will be dis-
cussed in more detail below. New supplies of locomo-
tives are made by Indian factories.

The freight wagon fl eet is dominated by four-axle 
wagons for various purposes, the need for which will 
be met by Indian factories.

Indian railways are intensively renewing the pas-
senger wagon fl eet. Newly delivered passenger rolling 
stock of various purposes and comfort levels is mainly 
equipped with air conditioning systems, which is im-
portant for a country with a hot and humid climate.

The era of steam locomotives is considered to have 
ended on the Indian mainline railways on December 
6,1985, when a steam locomotive of the WL-15005 se-
ries (Fig. 1) ran the last train on the gauge line from 
Ferozepur to Jalandhar, about 118 km. The production 
of steam locomotives in the country was completed 
even earlier. The last steam locomotive of the WG se-
ries was built at Chittaranjan Locomotive Works in 
June 1970 and was aptly named Antim Sitara — “The 
Last Star” in Hindi.

The fi rst experiments with the use of diesel traction 
on Indian railways date back to the 1930s, when sev-
eral small diesel locomotives with a capacity of about 
300–1000 hp were operated on the North Western Rail-
way on a trial basis — mainly for shunting work [11].

The fi rst mainline diesel locomotives were put into 
operation on the Indian Railways after the country 
gained independence. These were diesel locomotives of 
the WDM-1 series2 (Fig. 2), manufactured by the Ameri-
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2 Acronym WDM-1 from Wide Gauge (W); Diesel powered (D); Mixed load (M), the fi rst model. One of these cars is preserved in 
the National Railway Museum in New Delhi.
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can Loco. Co. (ALCo) in 1957–1959 (the so-called “World 
Series of ALCo locomotives”). It was an electrically 
powered locomotive, having two bogies, each with 
three driving winding axles (UIC classifi cation — axle 
formula C0–C0). Rated power of the 12-cylinder four-
stroke diesel engine was 1,950 hp (1,450 kW), design 
speed was 104 km/h. The diesel locomotive had one 
control cabin (it was a section of “A” type) and could 
be operated as a combination of two sections coupled 
by the body ends without driver’s cabins, with control 
by the system of many units to increase the power in 
train operation. A total of 100 such diesel locomotives 
were purchased.

At present, the Indian industry produces diesel lo-
comotives for various purposes for operation on wide 
gauge and shunting mainline railways, as well as metre 
gauge and narrow-gauge diesel locomotives.

In the last decade two models of powerful diesel lo-
comotives with electric transmission for freight work 
WDG-5 and WDG-6 have been produced in India. The 
WDG-5 diesel locomotive (Fig. 3), built by Banaras Lo-
comotive Works (BLW) in Varanasi in collaboration 
with Electro-Motive Diesel (the diesel locomotive and 
electric locomotive division of Caterpillar Inc.), has 
a hood type body, C0 to C0 axle arrangement. Nomi-
nal diesel power is 5,500 hp (4,045 kW). In 2012–2018, 
7 WDG-5 locomotives were manufactured.

The WDG-6 electric diesel locomotive (Fig. 4) also, 
like the one mentioned earlier, has a bonnet type body 
and the same C0 to C0 axial formula. The fi rst two vehi-
cles were produced at the former GE Rai, now Wabtec 
plant of Westinghouse Air Brake Technologies Corpo-
ration and MotivePower Industries’ Westinghouse Air 
Brake Technologies Corporation in the US and deliv-
ered to India in 2019.Production of these diesel loco-
motives was then organised at General Electric India’s 
plant in Marhaura, Bihar.

The WDG-6 freight diesel locomotive with a design 
speed of 100 km/h is designed based on the GE Evolution 
Series platform and is powered by a four-stroke 16-cyl-
inder supercharged four-cylinder diesel engine with a 
rated power of 6,000 hp (4,416 kW). With an axle load of 
23 tonnes, this diesel locomotive is one of the most pow-
erful in the relatively lightweight category in the world.

ELECTRIFICATION OF THE INDIAN RAILWAYS

Electrifi cation is the most important area of rail-
way infrastructure improvement in India, in addition 
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Fig. 1. Steam locomotive series WL-15005 on the Rewari Steam 
Centre steam locomotive storage base3

3 Development of Steam Locomotive Designs in Railways in India // URL: https://artsandculture.google.com/story/2AVhj-
uITVuVKA
4 URL: https://railgallery.ru/photo/41545/?vid=102920
5 URL: https://www.fl ickr.com/photos/67259157@N06/9333137336
6 URL: https://d.indiarailinfo.com/loco/26100

Fig. 2. WDM-1 diesel locomotive No. 17000 at the National 
Railway Museum in New Delhi. 2020. 

Photo by Dmitry A. Shchukin4

Fig. 3. Diesel locomotive WDG-5. 2013. 
Photo by Chandra Vimlesh5

Fig. 4. Diesel locomotive WDG-6. 20206
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to bringing the entire railway network to a single track. 
The fi rst proposals for the use of electric traction were 
presented in India in 1925 and the budget for the in-
itial work was set at the same time [12]. As in many 
countries, railway electrifi cation in India started with 
small suburban sections. On March 3, 1925, a 1.5 kV DC 
electrifi ed (with power from the overhead catenary) 
section between Victoria Terminus in Bombay (now 
Chhatrapati Shivaji Terminus in Mumbai) and Bandra 
suburban station on the Arabian Sea coast (now called 
Harbour Line) was put into operation.

The electrifi cation was based on technical solu-
tions well proven on the Newport-Shildon, England 
line, which were among the most advanced at the time. 
Electric trains were supplied by Kamele Laird (Eng-
land) and Uerdingenwagonfabrics (Germany) [12, 13]. 
The electrical components for these trains (Fig. 5) were 
supplied by BTH/AEI and English Electric from Eng-
land, Siemens-Schuckert from Germany, and Ansaldo 
from Italy.

Electrifi cation on the main lines using 1.5 kV direct 
current began with the modernisation in 1929–1930 of 
the high gradient sections in the Western Ghats on the 
busy Great Indian Peninsula Railways (GIP) freight and 
passenger main line. Here the operation of the power-
ful EF/1 series of electric freight locomotives began, the 

fi rst of which arrived at the port of Bombay in August 
1927.

These articulated locomotives were typically Ger-
man-Swiss in design and appearance and had cou-
pled wheels with drawbar gearing, resembling that of 
a steam locomotive, from two mono-electric motors 
mounted on the frames of the two end bogies. The elec-
tric motors were placed on the frame of the locomotive, 
as in the famous Swiss articulated electric locomotive 
Ve 6/8 series, nicknamed “Crocodile” for its characteris-
tic profi le resembling a toothy reptile. This locomotive 
proved itself in train work on the Gotthard Pass in the 
Alps. In India, these electric locomotives with a power 
of 1940 kW and a design speed of 80 km/h also came 
to be called “Crocodile”. Later, the Indian Railways 
changed their EF/1 series name to WCG-18 (Fig. 6).

Following the British tradition of naming locomo-
tives like ships after prominent fi gures, the fi rst of the 
EF/1 (WCG-1) locomotives to arrive was named Sir Les-
lie Wilson9.

On 1 June 1930, the Deccan Queen high-speed pas-
senger train was put into service10, which established 
itself as one of the most luxurious trains of its time, not 
only in India but also in the world (Fig. 7). The train 
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7 Electrifi cation overseas. Development of Power Schemes in the Dominions. URL: http://mikes.railhistory.railfan.net/r099.html
8 WCG-1 – acronym for wide gauge (W); direct current (C) – this is how direct current was agreed to be labelled, as opposed to 
Alternating Current (A); Goods traffi  c (G). Two of these locomotives have been preserved to this day.
9 Sir Leslie Orme Wilson (1876–1955) is a participant of the Second Anglo-Boer War, captain of the Royal Marines, participant 
of the First World War with the rank of colonel, prominent British politician, member of the British Parliament, from 1923 
Governor of Bombay, supported and promoted the idea of electrifi cation of the Indian railways, from 1832 to 1946 (the longest 
in this position) – Governor of Queensland in Australia.
10 The name of the train is derived from the vernacular respectful name of the city of Pune “ ” Deccan Queen, 
the cultural capital of the region. The city is located in the historical and socio-political region known as Deccan, occupying a 
mountain plateau of the same name, stretching a little south of Mumbai from the coast of the Arabian Sea to the Bay of Bengal.
11 URL: https://www.tripadvisor.com/LocationPhotoDirectLink-g304554-d19799017-i443857282-Heritage_Gully-Mumbai_Maha-
rashtra.html

Fig. 5. An electric train on the Victoria Terminus line in Bombay 
(today Chhatrapati Shivaji Terminus and Bandra station on the 
outskirts of Bombay (Mumbai). The train is travelling on tracks 

fl ooded by monsoon rains. Mid-1920s7

Fig. 6. WCG-1 series electric locomotive commissioned in 1930 
and decommissioned in 2020 at the National Railway Museum, 

New Delhi. 202011
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was designed for wealthy passengers travelling from 
Bombay (Mumbai) to the city of Pune11 (Poona) [14], 
where horse races were held at the nationally famous 
hippodrome, attracting the socialite public. The train 
was initially timetabled on weekends, but later be-
came a daily service. This very popular express train 
was a fi rst in India: the long-distance train was served 
by electric locomotives, and for the fi rst time in India 
its carriages were connected by enclosed crossing plat-
forms12 (so-called {vestibuled trains}, for the fi rst time 
special carriages for women and a dining carriage 
were included in the composition of the train.

The train covered a distance of 192 kilometres be-
tween end points in 4 hours (today — 3 hours 10–15 min-
utes) with a route speed of 50 km/h, reaching speeds of 
80 km/h in some sections (up to 105 km/h today).

The services provided to passengers en route, the 
comfort and convenience of the train carriages, and, 
most importantly, the speed of the journey, have 
brought the train the love of wealthy passengers over 
the ninety years of its operation. The Deccan Queen 
train’s birthday is celebrated every year on June 1 as a 
celebration of the Deccan region.

The Deccan Queen trains were served by India’s 
fi rst passenger high-speed electric locomotives, the 
EA/2, later renamed WCP-2, a 1.5 kV DC 1,562 kW loco-
motive with a design speed of 137 kilometres per hour. 
This Swiss Locomotive and Machine Works (SLM) de-
signed electric locomotive was one of the most success-
ful high-speed locomotives of its time. The fi rst car was 
named Sir Roger Lumley13 (Fig. 8).

Before India’s independence in 1925–1947, only 
388 km of railways were electrifi ed [14]. Under the 
1951–1956 plan, another 141 km were electrifi ed.

In 1958, electrifi cation was carried out in the How-
rah – Bardhaman section of the Eastern Railway in 
the form of an experiment using DC of higher volt-
age — 3kV.
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12 Prior to this, all passenger coaches in India had open inter-carriage platforms, which were uncomfortable and dangerous 
to use when travelling from carriage to carriage. The introduction of enclosed vestibule platforms between carriages by the 
American company Pullman in 1887 for the fi rst time united the carriages of a passenger train into a single comfortable space 
and gave rise to the creation of Pullman luxury trains — “palaces on wheels”. In 1930, the fi rst such train appeared in India.
13 Lawrence Roger Lumley, 11th Earl of Scarbrough (1896–1969) — politician, General of the British Army, member of the House 
of Commons of the British Parliament, Governor of Bombay, Chancellor of Durham University.
14 URL: https://www.irfca.org/gallery/Heritage/img113.jpg.html

Fig. 7. An advertising poster from the early 1930s of the Deccan 
Queen, a posh Indian express train of its time. Chhatrapati 

Shivaji Terminus Museum, Mumbai. Photo by the authors. 2016

Fig. 8. The Sir Roger Lumley electric locomotive, commissioned 
in 1930, was the fi rst passenger electric locomotive of the 

Indian Railways. A 1.5 kV DC, type 1-2-2 machine, originally 
given the serial name EA/2, later renamed WCP-2, preserved 

in the National Railway Museum, New Delhi. It is believed that 
this particular electric locomotive was part of the fi rst Deccan 

Queen train to enter the route on June 1, 193014
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In 1957 the leadership of the country and the rail-
ways made an important decision on further electrifi -
cation of the railways only on the system of alternating 
current of 50 Hz industrial frequency with voltage of 
25 kV. In 1960, the fi rst pilot section of the South East-
ern Railway Raj Kharswan – Dongoaposi was electri-
fi ed. Since then, electrifi cation in India has been car-
ried out only using 50 Hz industrial frequency alternat-
ing current [10, 11].

In 1961, India started its own production of WCM-5 
electric locomotives. Before that, all electric locomo-
tives were delivered from abroad in a fully assembled 
form. The creation of its own electric locomotive manu-
facturing was a great achievement of the country in 
the process of gaining technological sovereignty. The 
fi rst WCM-5 was a DC electric locomotive with DC trac-
tion collector motors with a total power of 2721 kW 
and a design speed of 105 kilometres per hour. The 
fi rst electric locomotive was given No. 20083 and the 
name Lokmanya15 (Fig. 9). The locomotive was assem-
bled on October 14, 1961 at the Chittaranjan Locomo-
tive Works, a locomotive and steel works established 
in 1950. India’s fi rst Prime Minister Jawaharlal Nehru 
attended the launching ceremony of the locomotive. It 
is believed that this locomotive later drove the famous 
Deccan Queen express train.

At present, the Indian industry produces modern 
electric locomotives for various purposes, including 
freight traffi  c. One of the most powerful in the world 
two-section eight-axle freight locomotive of WAG-12B 
series was created by Indian specialists at Electric Lo-
comotive Factory, with the support of French concern 
Alstom. The AC locomotive with asynchronous three-
phase motors with a total power of 8820 kW and a de-
sign speed of 120 km/h is designed for use on freight 
lines to drive trains weighing more than 6000 tonnes. 
The electric locomotive is equipped with four Alstom-
designed traction converters on GTO and IGBT semi-
conductor elements.

The fi rst WAG-12B electric locomotive was ceremo-
nially released from the plant on 10 April 2018 with 
the participation of Indian Prime Minister Narendra 
Damodardas Modi (Fig. 10). On April 3, 2023, the 300th 
locomotive of this series was handed over to Indian 
Railways for service.

Among the expected new additions to Indian Rail-
ways’ high-speed rail passenger electric rolling stock 

Fig. 9. WCM-5 series electric locomotive No.20103, kept at the 
National Railway Museum in New Delhi. Photo by Basu Avishek16

15 Lokmanya Bal Gangadhar Tilak (1856–1920), marāṭhī, Indian politician, nationalist, conservative, advocate of orthodox 
Hinduism and fi ghter for Indian independence, the fi rst leader of the Indian independence movement, nicknamed “Lokmanya” 
by the people, meaning “accepted by the people as a leader”, persecuted by the British colonial authorities, imprisoned for 
several years. Mahatma Gandhi called him “the creator of modern India”.
16 URL: https://24coaches.com/the-electric-locomotive-roster-dc-acdc-electrics/
17 URL: https://www.irfca.org/gallery/Locos/Electric/wcm1_to_6/img097.jpg.html?g2_imageViewsIndex=1
18 URL: https://www.rushlane.com/indias-most-powerful-train-engine-fi rst-offi  cial-video-12362674.html

Fig. 9. WCM-5 electric locomotive No. 20083 Lokmanya leads 
the Deccan Queen express. July 1980. Photo by Vaedhal Harsh17

Fig. 10. Electric locomotive WAG-12B with goods train 202018
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are the Vande Bharat electric trains, which were pre-
viously available in the seating version. According to 
media reports, an agreement has been signed in New 
Delhi to set up a new company, Kinet Railway Solu-
tions, which will supply 16 long-distance coach trains 
with sleeper seats to Indian railways. The joint venture 
with the participation of JSC Transmashholding (TMH, 
75 per cent share) and the Indian company Rail Vikas 
Nigam (25 per cent) will build Vande Bharat trains and 
provide their service. It will manufacture 120 long-dis-
tance electric trains based on the results of a tender or-
ganised by Indian Railways, the results of which were 
announced on March 1, 2023 [16].

CHANGE IN THE STRUCTURE OF THE TRACTION 
ROLLING STOCK FLEET

Back in the 1990s, several thousand steam locomo-
tives were in operation in the country; today about 
three dozen steam locomotives are used only for driv-
ing tourist vintage trains. Initially, the fl eet of diesel 
locomotives increased rapidly with the beginning of 
work on replacing steam traction with progressive — 
diesel and electric traction. In 1990–1991, the number 
of diesel locomotives exceeded the number of electric 
locomotives, but in the 2000s, as electrifi cation rates 
increased, the growth of diesel locomotives slowed 
down and stopped by 2010. At present, the number of 
electric locomotives in train operations is one and a 
half times that of diesel locomotives. Electric locomo-
tives carry about two-thirds of freight traffi  c in India. 
Approximately 60 % of passenger trains run on elec-
trifi ed IR lines, and they account for 38 % of the total 

electricity expenditure on traction [17]. Table 2 shows 
how the composition of the locomotive fl eet of Indian 
railways has changed (based on data up to 31 March 
2021), Table 3 shows the change in the share of diff er-
ent types of traction in the volume of train operations 
in passenger and freight traffi  c [17].

As of the end of 2022, 52,500 km of railways in In-
dia have been electrifi ed, accounting for 77.1 % of the 
total operational length (Table 4) [15]. In FY 2021, In-
dia has achieved the longest electrifi cation in all the 
years of such work — 6015 km. In the last seven years 

Table 2
Change in the structure of the locomotive fl eet

Years

Number of locomotives, units

Locomotives Diesel 
locomotives

Electric 
locomotives Total

1950/1951 8,120 17 72 8,209

1960/1961 10,312 181 131 10,624

1970/1971 9,387 1,169 602 11,158

1980/1981 7,469 2,403 1,036 10,908

1990/1991 2,915 3,759 1,743 8,417

2000/2001 54 4,702 2,810 7,566

2010/2011 43 5,137 4,033 9,213

2020/2021 39 5,108 7,587 12,734

Table 3
Share of different types of traction in the volume 

of train operations, %

Years

Passenger traffi c Freight traffi c

Loco-
mo-
tives

Diesel 
loco-
mo-
tives

Elec-
tric 

loco-
mo-
tives

Elec-
trical 
train

Loco-
mo-
tives

Diesel 
loco-
mo-
tives

Elec-
tric 

loco-
mo-
tives

1950/1951 93.0 – 2.0 5.0 99.0 – 1.0

1960/1961 91.0 – 2.0 7.0 94.0 5.0 1.0

1970/1971 77.0 7.0 7.0 9.0 46.0 39.0 15.0

1980/1981 49.0 25.0 14.0 12.0 18.0 62.0 20.0

1990/1991 21.8 42.4 22.6 13.2 3.0 60.6 34.4

2000/2001 – 56.2 31.2 12.7 – 43.5 56.5

2010/2011 – 49.4 36.6 13.9 – 37.5 62.7

2020/2021 – 18.8 63.7 17.4 – 27.0 73.0

Table 4
Length of electrifi ed tracks

1951 388

1961 748

1971 3,706

1981 5,345

1991 9,968

2001 14,856

2011 19,607

2021 44,802

2022 52,508
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(2014–2021), the electrifi cation rate has increased 
more than 5 times compared to 2007–2014 (Fig. 11). It 
is planned that by 2024, Indian railways will be almost 
completely converted to electric traction [5].

PROSPECTS FOR THE DEVELOPMENT 
OF THE INDIAN RAILWAYS

Over the years, a forward-looking railway develop-
ment plan has been evolving with the participation of 
various organisations in the country under the leader-
ship of the Ministry of Railways of India. On March 21 
2022, the Ministry of Railways published the Nation-
al Railway Plan of India (NRP), which aims to create 
a future-ready railway system by “2030” [18]. India’s 
National Rail Plan 2030 aims to create a greener and 
cheaper to operate network of accessible and effi  cient 
railways.

The plan aims to reduce freight delivery time by in-
creasing the average speed of goods trains to 50 km/h. 
The new plan aims to reform and make the railways 

more sustainable, effi  cient and modern, while provid-
ing cheaper safe passenger and freight transport.

In a written reply to an enquiry by the Rajya Sab-
ha Constitutional Council of States, India’s Minister of 
Railways, Communications, Electronic & Information 
Technology Ashwini Vaishnaw said {Minister of Rail-
ways, Communications and Electronic & Information 
Technology Ashwini Vaishnaw}: “The objective of the 
Plan is to build capacity ahead of demand, which in 
turn will also contribute to future demand growth 
up to 2050 and also increase the share of railways in 
freight transport to 45 %. To achieve this goal, all pos-
sible fi nancial models are being considered, including 
public-private partnerships (PPPs)” [19].

Other important objectives of the NRP include iden-
tifying new high-speed rail corridors and new dedicat-
ed freight corridors, estimating rolling stock require-
ments for passenger traffi  c, and freight wagon and 
locomotive requirements to meet the goals of 100 % 
electrifi cation and increased freight share.

In addition, the new plan aims to ensure sustain-
able private sector participation in various areas such 
as freight and passenger terminal development, rolling 
stock operation and ownership, and track infrastruc-
ture development and operation.

Under the Vision 2024 NRP, measures have been 
taken to accelerate some critical projects including 
construction of second and third tracks on congested 
routes and 100 % electrifi cation [18, 19].

The priorities for 2030 include: updating the tech-
nical policy and regulatory framework of Indian Rail-
ways; introducing eff ective means to improve the ef-
fi ciency and safety of Indian Railways; a strategy to at-
tract private capital to the railways; and infrastructure 
development [18].

CONCLUSION

Over the last two decades, after solving the urgent 
task of uniting the country’s railway network on the 
basis of reconstruction of the most important trans-
port directions with a single 1676 mm gauge, the In-
dian railway transport has started technical re-equip-
ment of the industry on the basis of introduction of 
electric traction. The initial stage of replacing steam 
traction with diesel locomotive traction, which was 
carried out in the 1970s and 1980s, was replaced in 
the 1990s by the active introduction of electric trac-
tion against the background of the unprecedented 
electrifi cation of the country. Indian railwaymen took 
as an example the model of railway development 
in the USSR-Russia and China, rejecting the Ameri-

Fig. 11. Prospective scheme for electrifi cation of India’s railways. 
201519

19 Indian railways green energy initiatives. URL: http://www.irgreenri.gov.in/tile_elect.html
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can way of railway development — the use of diesel 
traction as environmentally harmful and dead-end 
for the country, which needs huge volumes of liquid 
hydrocarbon fuel, which has to be imported from 
abroad.

The Indian railways are faced with the challenge 
of improving control systems and train safety to make 
full use of the upgraded track facilities, the benefi ts of 
electric traction in increasing the speed of transport 
and the safety of rail transport.
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