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Abstract 
 
Port development plays a significant role in the economic and social perspectives of a 
nation. Ports serve as the primary component in the supply chain, logistics, and 
transportation sector and in exploring the global economic market, thereby 
strengthening the economic status of the country. In general, sustainable development 
means welfare and advancement of the present generation in social, economic and 
environmental perspectives without affecting the ability to satisfy the needs of the 
future generation. Achieving sustainability in port development is a major challenge 
for Port authorities, Terminal operators, Government policymakers, and Stakeholders. 
Maintaining sustainable environment during port development is preserving the 
unique and natural coastal morphology and its associated biodiversity which makes 
environmental sustainability as major concern at all the stages of port development. 
Progressing environmental and social concerns necessitates the implementation of 
sustainability concepts in planning, development and operational phases of port 
infrastructure. Sustainable port development strategies focus on difficulties in port 
areas such as safe handling of cargoes, environmental management, capacity 
development or expansion of the ports through a systematic approach by addressing 
their specific needs. Sustainable port environment becomes feasible with the active 
involvement of stakeholders and port operators by implementing key sustainable 
indicators. This paper aims at providing a detailed study by identifying the key 
sustainability indicators based on the available national and international literature and 
other sources covering various aspects in the sustainable port development and 
discussion on a case study of 12 Indian major ports to assess the characteristics of 
sustainable port environment. 
 
Keywords: Port development, sustainable indicators, port sustainability, sustainable 
port environment, port planning and design. 
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1 Introduction 

 
      A port is an area on the shore comprising at least one harbor where boats/ ships 
can berth and handle/ exchange cargos from or to land. Port areas are selected based 
on their suitability to receive vessels from the sea, for business/ trade and to serve as 
the safe warehouse or stockyard for imported/exported goods. Ports are one of the 
essential segments of the transportation sector and are these days connected to the 
country's economy. Ports are fundamentally a method for incorporation into the 
worldwide financial framework. Ports are an integral part of the supply chain; 
therefore their activity directly affects key monetary factors, for example, trade 
operations and import/ export costs, thereby influencing financial advancement [1]. A 
dry port facilitates administration to deal with stockpiling of compartments, general as 
well as bulk cargoes that enters or leaves the dry port by any means of transport, for 
example, street, railroads, inland conduits or air terminals [2].A dry port of worldwide 
significance will allude to a protected inland area for taking care of impermanent 
stockpiling, investigation and freedom of cargo movement in global exchange [1]. 
Port development is described as "Technological adjustments in recent years in 
delivery systems, especially maritime delivery have made it necessary to reorient the 
functioning of the ports in developing countries to satisfy the challenges posed by way 
of these new improvements". The port sector is a sturdy driving force of financial 
improvement and integration to global markets. In the Indian scenario, the port sector 
plays a crucial role in maintaining progress within the country's market and trade. 
India has a shoreline of 7,517 kilometers which is internationally the 6th largest 
maritime country and the well-known peninsular country. This long coastline with its 
several ports serves as an access for growing India's foreign exchange, which is 
presently ranking 17th among other countries. India's port based improvement 
initiative is predicted depicting the increase in maritime trade because the role of ports 
in the country's trade and exchange value is relatively significant. Around 90% of 
India's import/ export exchange and 70% of tax/ duty levied are carried out via 213 
seaports (13 primary ports and 200 non-majorports).Over a period of 12 months in 
2017–2018, India's sea trade performed a total shipment handling capacity of 499.4 
million tons by major ports, which shows an increase of 3.6% over the identical time 
period (2016–2017). The output of non-major ports to India's general cargo handling 
capacity has been on a growing trend. Recognizing the vital function of port 
development in India, concerned primary authorities have undertaken various projects, 
which includes the development of new ports, mechanization, and modernization of 
present ports thereby reducing logistics expenses by implementing extended shipping 
activities and by encouraging foreign investment and private sector participation. 
However, numerous demanding situations still exist [3]. 

 
2 Sustainable Port Development 

 
      Ports are exploring to plan and handle their operations and expansions in the 
future to facilitate with the restricted environmental area and increased connections 
between the ports and the cities. By considering this aspect in accordance with the 
surrounding environment, green growth can evidently be perceived as a socio-
economic driver. Sustainable port development should accommodate and find a 
balance among social, economic and environmental factors. The sustainable port 
development concept comprises several basic components concerned in sustainable 
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port operations and for the implementation of sustainable port construction and port 
expansion projects. They include the following: 

 Long term insight that endeavors towards an adequate natural imprint;  
 Transparent partner interest and partner affirmed methodologies to work 

and develop;  
 The shift from maintainability as a lawful commitment to a monetary 

driver (financial improvement and practical advancement as integral 
elements). New financial examples and exercises really taking shape; 

 Active sharing of information with different ports and partners; and  
 Continuous endeavoring towards development in process and innovation. 

      The Sustainable Port Development Concept not just changes the job of the port 
expert, yet additionally the manner by which activities are done. Under this idea, the 
port professional works effectively and beyond legislation by adopting a long-term 
vision. The procedure is to oblige the future improvement of the port in agreement 
with the district and common framework. Key aspects of Sustainable Port strategy are 
[4]: 

 Sustainability and efficiency as balancing drivers. 
 Active fundamental approaches in design, operation, and maintenance. 
 Attract front runners bringing together various stakeholders and better 

organize the port for a future. 
      ‘Port sustainable development’ depicts the condition in which the port is capable 
of satisfying its requirements without compromising its specific future. Hence, for 
ports, sustainability indicates commercial activities and strategies that satisfy the 
present and future prerequisites of the organization and its stakeholders, at the same 
time protecting natural and human resources which means that the ports must stabilize 
their functions as facilitators of trade, coastal stewards, transportation and members of 
their respective groups. In the recent period, sustainability has appealed a lot of 
attention from both the industrial and academic sectors. Concerning the social and 
economic dimensions, it intends to optimize the operations by enhancing cost-
effectiveness as well as the working environment in the supply chain. Instead, the 
environmental aspect intends to mitigate the related negative environmental impacts. 
  
3 Literature Review 

 
      Numerous studies have been established for the development of the port and more 
specifically on a sustainable basis. Thus, sustainable port development is the emerging 
concern for maritime policymakers and port authorities throughout the world. The 
extensive literature survey revealed the importance of ports as the economic backbone 
for the development of the nation. Ports play a significant and unique role in the 
logistics and supply chain. Port development is a challenging aspect compared to 
other infrastructure developments. Sustainable port development is the most 
prospective research area where detailed and dedicated research at various stages such 
as planning, establishing, operation and maintenance is yet to be recognized. In recent 
years shipping companies, port operators and authorities, research institutes, port and 
shipping associations, environmental and government agencies have established and 
executed strategies, initiatives and tools, programs, guidelines and systems that attend 
issues associated with sustainable shipping and port operations and environment such 
as climate change, air quality, seawater, seabed sediments and intertidal benthos 
quality, energy management and renewable energy, waste management, dredging, 
sustainability, natural resources and environmental management systems [5]. Dry 
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ports situated in remote inland areas are capable of incorporating customs and other 
associated facilities including rail links, besides transshipment, transport, and 
distribution functions for handling cargoes. It is recommended that policy concerns 
are to be considered in coordination with several government agencies engaged in the 
dry ports development, together with those responsible for investment, licensing, 
encouraging private-sector involvement, etc. Both the government authorities and the 
private sectors must work together to cultivate intermodal transport in Asia which 
provides access to landlocked inland areas and promotes eco-friendly cargo transport 
[3]. Ports around the world are trying various strategies, ranging from energy 
preservation to endangered species safety and social responsibility [6]. Green ports 
strategy is one of the well-identified methodologies in terms of achieving 
environmental sustainability. But, there appears to be a deviation among the specified 
objectives and its associated policy actions and the measure of success that the green 
initiatives associated with such actions are capable to accomplish. Therefore, green 
innovations are not effective enough as it is expected to be. It is recommended that 
only those innovations that satisfy port actors' demands and its institutional 
environment outlook the ability to succeed [7]. Insufficient data on environmental 
impacts of ports and its sustainable practices, complexities of regional, national and 
international environmental regulations and costs of implementing sustainable 
practices were other limiting factors. Active public-private partnership and policies 
conveyed by concerning all the stakeholders can substitute port sustainability. 
Globalization demands worldwide critical analysis of operations involved in port 
activities and environmental procedures to be actually sustainable [8]. The adoption of 
Environmental Performance Indicators may profit the port authorities by monitoring 
actual progress, representing the level of developments over time to which 
environmental goals are being accomplished [9]. The economic and social dimensions 
intend to enhance the operations by improving cost-effectiveness besides the working 
environments in the supply chain. Environmental aspect refers to the mitigation of the 
associated negative environmental impacts [10].  Adopt the green ports' strategies and 
suitable practices of ‘climate change adaptation and mitigation', ‘eco-friendly and 
sustainability issues' from existing ports and their efficiency and economic potential 
should be used as illustrations for other ports [11]. Research designs for port type, size 
and governance would support the refinement of Port Sustainability Management 
System to satisfy local requirements. Irrespective of procedural variances among the 
smaller ports, changing levels oflegislative compliance and governance models, 
sustainability management is a mutual aspect for all the ports [12]. Port managers 
should cultivate sustainable management strategies that include the progress of 
specific internal resources and capabilities that can be used to initiate sustainable 
management plans with respect to the supply chain management approach [13]. Inland 
ports can strongly commit to their environmental responsibilities and liabilities that 
can be observed by the execution of Environmental Management Systems. Options 
available to support port authorities and other stakeholders with the formation, 
execution, and enhancement of a reliable Environmental Management System (EMS) 
are Identification and assessment tool of environmental aspects in Ports and Eco Ports 
network. Inland ports usually operate under specific conditions with its dedicated 
resources and therefore complications have to be met to satisfy the required standards 
of the certified Environmental Management Systems though they are applying efforts 
towards sustainable development [14]. Port operations are extremely significant in the 
economic and industrial regions which depend more on the consumption of port 
infrastructures. An efficient economic maintenance strategy is necessary to govern the 
usual operations of port infrastructures and consequently maritime transportation. 
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Many worldwide agencies have developed maintenance strategies to ascertain ideal 
levels of safety and serviceability for port infrastructures. However, there is no 
sufficient evidence about how to employ sustainable concepts in planning and 
maintenance strategies [15]. Sustainability plans are stimulating port authorities 
worldwide to discover techniques of managing and operating their ports competently 
in terms of social, economic and environmental development. With respect to this 
concern, governments in ASEAN countries are executing numerous green activities 
looking for mitigating the impacts of shipment and its allied activities. Considering 
this aspect, most of the research studies in the prevailing literature primarily emphasis 
on the environmental aspects of sustainable growth and there is no evident 
explanation for what sustainable port development exactly necessitates [16]. The 
concept of Ecosystem Services (ES) has become progressively significant as a 
methodology for integral evaluation of port development outcomes – whether profits 
or impacts – and accomplishing broad public support. Considering an ecosystem 
services aspect will not always give a decisive solution whether the development is 
favorable or not (in case of both positive and negative consequences), but has a 
significant added advantage by finding all effects and organizing them together in a 
single assessment. An intense unified evaluation of the People, Prosperity, and Planet 
effects of port development can be attained through the use of ES  [17]. Dry ports can 
be a key aspect to launch sustainable multimodal transport network oriented cargo 
import/export. The cooperation agreement between dry ports and seaports plays an 
important role in dry ports development and appealing hinterland cargo resources to 
increase the competitiveness for seaports [18]. Green port policies must be interlinked 
via social, economic, and environmental dimensions by employing an integrated 
approach to recognize maximum potential and fortify port processes intended to 
develop a sustainable port. This attracts for the development of a universal standard 
set of Key Performance Indicators (KPIs) for ports, which can then be utilized by 
ports to prepare long-term plans and for assessing the progress recognized by ports on 
the three main features of People, Planet and Prosperity. It is of huge significance that 
ports all over the world develop and implement a standard set of KPIs to evaluate and 
improve port operations, social welfare, wealth and sustainability [19]. It has been 
recommended to develop and authorize other useful managerial KPIs that emphasis on 
other processes within energy efficiency and environmental sustainability issues in the 
ports and considering various other stakeholders and further to authorize these KPIs in 
other countries to illustrate their specificities [20]. Public-Private Partnership (PPP) 
plays a significant role in sustainable port development. A conceptual framework can 
support in choosing the best PPP model for the development of the dry port. The 
framework for benchmarking PPP models depends on multi-criteria analysis with a 
risk-benefit approach [21]. It is necessary to be active in conserving the environment 
by preparing recommendations and guidance on environmental management (referred 
as a green guide), developing and endorsing methodologies and tools for port 
environmental management and recognizing environmental indicators to observe 
trends in environmental performance [22]. Comprehensive port development 
approaches include conditions such as Stakeholder strategy, Corporate responsibility 
towards stakeholders, Partnership approach, Scope of stakeholder engagement, 
Level(s) of the target audience. Formal and informal partnerships have been 
subsequently emphasized as prerequisites to apply comprehensive business models. 
Several developmental problems might necessitate various types of partnerships and 
numerous responsibilities at developmental stages, for various types of ports. 
Sustainable development progressively emphasizes on ‘balanced' development in 
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which three recognized faces of society supplement each other and assume mutual 
responsibility for inclusiveness. This requires ‘concerted leadership' on behalf of both 
the private and public sectors [23]. Port authorities have to consider stakeholder 
objectives in the development process and especially they should recognize (1) the 
critical stakeholders who can participate in achieving the strategic objectives and 
mission and (2) the definite strategies that can aid the objectives of stakeholders. The 
most significant issue is the identification of key stakeholders. Two distinct groups of 
stakeholders are internal (Board members, Shareholders, Employees, Management) 
and external (Local communities, Customers, Suppliers, regulatory agencies (local, 
regional, national, supranational) and Governments, Press and media, Trade 
associations, Non-governmental organizations (NGOs)) stakeholders. Specific 
attention to stakeholder management employed in the port sector has found to be 
limited in academic research, as port-related activities and port development (also port 
expansion programs) are subjected to progressing resistance, especially by local 
community groups against the negative impacts of port activities [24]. Port activities 
can result in the deterioration of marine water and air quality in the adjoining 
environment due to diverse port activities. Therefore, for identification of pollution 
sources, measuring the levels of pollution, regulation of waste disposal from different 
sources and forecasting pollution levels, periodic monitoring and environmental audit 
are mandatory throughout the whole construction and operation phases of a major 
port. Therefore, it is critically important that ports and harbors projects must adopt an 
Environmental Management Plan (EMP), that includes air and marine water quality 
monitoring and also the meteorological data collection throughout the project period. 
A periodic monitoring program should be specified to ensure that environmental 
procedures are adopted properly and alert pollution control boards and port to any 
environmental problems and pollution that may happen during both the construction 
and operational phase of the port development project [25]. The environmental 
problems are not suitably concerned by prevailing legislation system and its 
enforcement in India. To cross barriers, there are some cost-effective and smart 
suggestions that can be followed to increase their positive environmental impacts and 
adopt the idea of "Green Ports/ Eco-friendly Ports" which satisfies environmental 
requirements and increases their economic interests. Converting existing ports into 
Eco-friendly ports by cost-efficient, innovative and eco-friendly ideas will improve 
the environment quality and effectiveness. Applying and implementing the Green port 
concept would be more suitable to transfer the management principles towards global 
Green performance and admire the environment [26]. 

 
4 Research findings 

 
      An extensive literature study has been carried out (of which few are discussed 
above) covering the aspects of sustainable port development, dry port characteristics, 
importance of sustainability in port or dry port development, identification of 
sustainable indicators for achieving sustainability in port development and 
implementation of the same, importance of stakeholder participation and public-
private partnership in port development etc. The research gap identified is that the 
concept of sustainability in port development is not identified or implemented in the 
planning and development stages itself. Most of the port authorities, statutory 
authorities do not consider long term viability for successful port operation in a 
sustainable manner. Most of the port authorities are trying to cope up with sustainable 
operation methods without realizing that initial sustainable planning can lead to better 
cargo handling and enhanced operation. Therefore, this research focuses on 
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implementing sustainability initiatives especially in the initial planning (development) 
stage of a port by identifying numerous sustainable indicators/ factors/ parameters 
involved during various stages of port development, thereby satisfying the need for its 
development at the selected location on a long term basis. 
      Based on the literature survey, this study lists out the sustainable indicators/ 
factors/ parameters as given in Table 1, that can be applied or adopted during various 
stages of port development such as planning, construction, operation, and maintenance 
to attain sustainability on a long term basis.  A case study of 12 Indian major ports has 
been considered to assess the level of sustainability in Indian Ports Infrastructure. 
Their sustainable initiatives or plans or policies have been identified based on their 
organization objectives, vision/ mission, quality objectives, etc.  Recommendations 
have been formulated to be adopted by Indian ports to enhance their sustainable 
initiatives or to establish sustainability in their operations (Table 2). The below-listed 
parameters are adopted by the ports all over the world, however, Indian ports lag to 
some extent comparatively in terms of its sustainable initiatives and practices. The 
following list may help the various port development stakeholders to easily identify, 
accept and implement sustainability as one of the compulsory requirements. 

 
Table 1. Sustainable indicators/ parameters/ factors for achieving sustainable port development in India* 

 

S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

Economic perspective 
1 Active stakeholder 

participation 
All phases of development Stakeholder involves Owners/ 

Shareholders, Administration/ 
Management, Port users, Personnel, 
Suppliers, Community 
stakeholders, Government 
organizations, Insurance companies, 
Competitors, Scientific institutions, 
National regulators, Local authorities, 
etc. 

2 Land use planning Planning Land use planning involves efficient 
space utilization, the scope for future 
expansion. 

3 Capital Expenditure 
(CAPEX) 

Planning and construction CAPEX involves expenses incurred 
during construction and initial set up 
of port infrastructure.    

4 Operating expenses (OPEX) Operation and maintenance OPEX involves expenses incurred for 
the entire port operations including 
handling, equipment, transportation 
costs, etc. 

5 Returns on investment Planning and Operation  It denotes profit in terms of tax/ 
duties/ tariff collected. 

6 Efficient utilization of the 
port area 

All phases of development It is similar to land use planning 
which involves allocation of berths, 
storage area to the appropriate 
industries keeping in view the tariffs 
and service satisfaction. 

7 Provision of facilities for 
companies 

Planning, construction, and 
operation 

It involves providing adequate 
facilities for the port users based on 
their requirements and volume of 
handling. 

8 Cargo flow forecast/ Cargo 
traffic/ shipping forecast 

Planning and operation It involves forecasting of the quantity 
and quality of the cargo to be handled 
based on which the layout of the 
facilities can be designed. 

9 Foreign trade – Import/ 
Export 

Operation It involves the economy of the country 
which calculates the volume of trade 
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S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

and the capacity of cargo handling 
every year. 

10 Gross Domestic Product Operation This factor also involves the status of 
the country’s economy based on the 
volume of goods handled and the 
services provided. 

11 Vessel mix Planning and operation This aspect depicts the type and size 
of the vessels to be used for the 
transport of commodities to be 
exchanged. 

12 Connectivity to industrial 
zones and markets 

Planning and construction  This aspect plays a vital role to justify 
the need for the development of the 
port and its facilities. This depicts the 
ease of transport availability and 
shortest distance to industrial clusters 
and markets utilizing the port. 

13 Hinterland connection Planning and construction This aspect also plays a significant 
role in conceiving the idea and need 
for port development over a particular 
region. This includes the mode and 
ease of transportation available such 
as road, rail, and air connectivity to 
places which cannot be accessed by 
sea i.e places without seashore - 
landlocked inland regions. 

14 Port’s capacity utilization Planning, construction, and 
operation 

This factor should carefully consider 
the actual requirement and forecast the 
future needs so that the purpose for 
port facilities development, 
equipment, and its various services are 
completely utilized to avoid loss of 
infrastructural needs in terms of 
money and services for the various 
stakeholders involved. 

15 Smooth berth allocation 
operations 

Planning and operation This aspect plays a vital role in terms 
of satisfying the port users, port 
operators, and the investors thereby 
balancing the three faces of 
sustainability. 

16 Ports rate of return 
(revenue/assets) 

Operation This aspect contributes a lot to the 
economic benefits of various 
stakeholders. This factor decides the 
tariff/revenue rate of various facilities 
and services offered by the port. 

17 Port automation Planning, construction, and 
operation 

This is a new dimension that can be 
adopted to achieve sustainability by 
contributing more benefits especially 
in terms of economic and 
environmental aspects. 

18 The economic incentive for 
attracting business 
 

Planning and operation This feature can attract active 
stakeholder participation and effective 
public-private partnership. 

19 Port Governance All phases of development This aspect plays a key role despite 
various other internal factors. Port 
Governance is influenced by the 
change in government policies, rules, 
and regulations 

20 Market size, competition Planning, Operation, and 
maintenance 

This factor identifies the need for port 
infrastructure and its long term 
operation viability. 

21 Government rules and 
regulations 

All phases of development This factor has the capability to make 
reforms and guidelines thereby 
assuring sustainability at all stages. 

22 Ministry of shipping All phases of development This is similar to the above factor but 
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S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

policies and guidelines as per Indian judiciary, the port sector 
follows the legislation under Ministry 
of shipping. 

23 Duties and tariffs levied Planning, operation, and 
maintenance 

This plays a major role in achieving 
the targeted rate of return for effective 
port operations on a long term basis.  

24 Public-Private Partnership All phases of development This is a kind of active stakeholder 
participation thereby satisfying the 
feasibility of sustainable development 
of the port sector. 

25 Adoption of new 
technology/ processes 

Planning, construction, and 
operation 

This aspect can contribute 
inincreasing the maximum throughput 
thereby reducing operation and 
maintenance expenses. 

26 Customer service and 
satisfaction 

Operation  This becomes the ultimate aim of port 
infrastructural facilities and services 
to achieve the organizational goals 
and objectives at the same time 
surviving the market competition. 

27 Quantity and quality of 
handling – capacity, 
method, and equipment 
used for handling 

Operation and maintenance This aspect depicts the purpose of 
development and to continuously 
review and monitor the effectiveness 
of the port operations by ensuring 
targeted output/result. 

Environmental perspective 
28 Selection of location Planning This factor plays a crucial role in 

satisfying the actual requirement at the 
same time without any long term 
negative impact on the environment.  

29 Conservation of 
Biodiversity 

Operation and maintenance  This can be ensured by conducting 
appropriate Environmental Impact 
Assessment (EIA) studies and 
adopting standard guidelines given by 
Ministry of Environment, Forests and 
Climate change (MoEF&CC). 

30 Coastal erosion and Marine 
environment 

Operation and maintenance Seaports are expected to have a 
considerable impact on the marine 
environment in terms of coastal 
erosion, accretion, shoreline changes, 
loss or effect on marine ecosystem, 
etc. which can be mitigated by 
adopting various measures as 
suggested in EIA and EMP studies 
undertaken by QCI-NABET 
accredited consultant organization. 

31 Coastal protection works 
including various aspects 
such as variation of tides, 
currents, waves, sediment 
deposits, littoral drift, etc. 

All phases of development This is one of the important criteria to 
be considered while developing, 
constructing breakwaters/wharves/ 
berths/ jetties/ quays, etc., and 
operating various port facilities 
including ships, barges, etc. 

32 Pollution   
 
Construction, operation, and 
maintenance 
 
 
 
 
 
 
 
 

These parameters/ factors are 
associated with both terrestrial and 
marine environment. A detailed EIA 
study (both Terrestrial and Marine 
EIA) should be prepared covering the  
aspects such as seawater quality, 
seabed sediment quality and 
biological parameters including the 
identification of any ecologically 
sensitive areas and endangered 
species, etc. if any near the port area. 
A detailed impact assessment and 

33 Ambient Air quality 
34 Seawater and seabed 

sediment quality 
35 Surface water and 

groundwater quality 
36 Soil quality including 

nature, type and bearing 
capacity of soil 

37 Dredging – impacts of 
capital and maintenance 
dredging 
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S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

38 Water consumption  
 
 
 
Construction, operation, and 
maintenance 

various mitigation measures involved 
at all the stages of port development 
need to be clearly addressed in the 
EIA Report and the same should be 
followed during construction and 
operation of port facilities. Guidelines 
of NGT (National Green Tribunal), 
MoEF&CC (Ministry of Environment, 
Forest and Climate Change), CRZ 
(Coastal Regulation Zone) regulations 
should be strictly adopted during the 
Environmental Impact Assessment 
studies. Central and state governments 
should still make their clearance 
procedures stringent and transparent. 
EIA consultants should work towards 
the country's prosperity by attaining 
stability among sustainable angles of 
social, economic and environmental 
aspects. EIA consultants must 
consider all the possible aspects of the 
environment that will be affected by 
the port infrastructure development 
regardless of whether the impacts are 
minimum or maximum, short term or 
long term and suggest most 
appropriate and effective mitigation 
measures. Periodic monitoring after 
the commencement of port operations 
plays a substantial role in maintaining 
sustainability by measuring the level 
of environmental impacts and 
implementing the appropriate 
mitigation measures. CPCB (Central 
Pollution Control Board) and 
respective SPCB (State Pollution 
Control Board) are the responsible 
authorities to monitor the port 
operations in terms of periodic 
monitoring of environmental 
parameters and establishing effective 
EMP during port operation. 

39 Noise pollution 
40 Energy consumption/ 

resource utilization 
41 Climate change and 

monsoon variations 
42 Habitat and species health, 

intertidal benthos health 
Construction, operation, and 
maintenance 

43 Landscape management   All phases of development 
44 Ship-related waste 

management e.g. ballast 
water 

Operation and maintenance  

45 Solid and Hazardous waste 
management 

Operation and maintenance 

46 Sustainable resource 
management 

All phases of development 

47 Functional Environmental 
Management System (EMS) 
for ports - Environmental 
Management Plan (EMP) 

Planning, operation and 
maintenance  

48 Education and training 
assistance concerning the 
port environment 

All phases of development 

49 Management guidance for 
eco-friendly initiatives 

All phases of development 

50 Clean environmental 
performance indicators for 
port operations 

Planning and operation 

51 Green initiatives and eco 
-services to invite shipping 
lines 

All phases of development 

52 Energy Management Plan Planning and operation 
53 Environmental Risk 

Management 
Planning, operation and 
maintenance 

54 Disaster Management Plan 
(DMP) 

Planning and maintenance 

55 Emergency preparedness 
and response plan – e.g. Oil 
spill Contingency plan. 

Planning and maintenance 

56 Reduction of emissions of 
pollutant gases/ greenhouse 
gases 
 

Operation and maintenance 

Social perspective 
57 Population growth All phases of development There may be considerable growth in 

population in the vicinity of the port 
area due to the generation of 
employment opportunities, 
urbanization, etc. 
 

58 Contribution to knowledge 
development and education 

All phases of development This aspect makes the port users and 
the common public to be aware of 
sustainable principles and the way to 
implement the same thereby satisfying 
the requirements of port users and 
maintain or enhance the living 
conditions of the common public. This 
also represents the possible CSR 
(Corporate Social Responsibility) 
activities that can be done by the port 
authorities in terms of providing 
quality education to the villages 
nearby. 

59 Health, safety, and security All phases of development This ensures the comfort and satisfies 
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S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

the basic requirements of port users 
and common people not connected 
with port activities residing close to 
the port area.  

60 Employment All phases of development This is the most important positive 
parameter applicable for all the 
infrastructure developments especially 
ports which not only increase the 
employment opportunities of the local 
people, but the country's economy has 
positive effects due to the generation 
of the wide variety of employment 
opportunities covering various sectors 
that utilize the port facilities. 

61 Cultural Heritage All phases of development This aspect tends to maintain the local 
cultural practices, despite the 
possibility of large scale globalization, 
urbanization, and change in global 
market trends. 

62 The well-being of the 
habitats residing near the 
port 

Operation and maintenance  This aspect ensures that port operation 
should always have positive impacts 
than negative impacts in terms of 
people's comfort of living and not to 
destruct or alter their existing standard 
of living in terms of health, 
employment, and other necessities. 

63 Population resettlement  Planning and construction This aspect is anticipated to a greater 
extent as a result of urbanization, 
globalization, etc. 

64 Regulatory responsibility All phases of development As discussed earlier various 
regulatory bodies and statutory 
authorities functioning under state and 
central governments are solely 
responsible in terms of environmental 
sustainability in particular and socio-
economic sustainability in general. 

65 An initiative by port 
authorities for enhancing 
employees' working 
conditions and safety 

Planning, construction, and 
operation 

This aspect is to ensure the overall 
safety inside the port thereby 
facilitating smoother operations and 
ultimately increasing the volume of 
handling/ production/ throughput. 

66 Employee welfare schemes 
to be provided by port 
authorities  

Operation and maintenance  This ensures the well-being and 
comfort of the employees which 
encourages them to work with a 
dedication which ultimately leads to a 
profit of the port authorities by 
assuring the company's prosperity. 

67 Guidance and financial 
support for individual 
employee’s training and 
education 

Operation and maintenance 

68 Urbanization All phases of development This results in the effect of increased 
employment opportunities, changes in 
market trends, globalization, etc. 

69 Safety against flood Construction, operation, and 
maintenance 

This aspect should be addressed based 
on CRZ Notification and other 
concerned statutory authorities such as 
NCSCM (National Centre for 
Sustainable Coastal Management), 
IRS (Institute of Remote Sensing), 
Anna University, NIO (National 
Institute of Oceanography), NIOT, 
NCCR etc. by the results of their 
research studies and surveys 
pertaining to that particular area. 

70 Relationship with the local 
community 

All phases of development This aspect facilitates to easily 
establish a balance among social, 
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S. 
No. 

Identified Sustainable 
indicators/ parameters/ 

factors 

To be considered/ adopted 
or achieved during 

planning/ construction/ 
operation/ maintenance 

phases of port development 

Remarks 

economic and environmental 
sustainability. This can be 
implemented in terms of CSR 
activities, adopting safety procedures, 
Environmental Management Plan by 
obtaining accreditation such as ISO 
14001, OHSAS 18001 and other 
applicable standards. 

Social, economic and environmental perspective 
71 Strategic planning for the 

future 
Planning This aspect should consider the 

various factors involved at all stages, 
thereby facilitating long term survival 
and operation of port facilities 
ultimately ensuring continuous 
effective port services. 

72 Safety management Planning, construction, and 
operation 

This is the key aspect in terms of port 
development to be critically 
considered to ensure the safety of port 
workers and residents near the port 
area. 

73 Proactive Partnerships All phases of development This aspect includes the active 
participation of various port users and 
investors by assuming their own 
respective responsibilities and 
contributing in an effective manner 
thereby facing and overcoming the 
major threats, issues, and risks. 

74 Effectiveness of 
management processes 

All phases of development These aspects are the key 
responsibilities of port authorities, 
port regulatory bodies, port managers 
and other port governing authorities to 
effectively adopt sustainable quality 
objectives and ultimately achieving 
sustainability goals.   

75 Asset management and 
maintenance  

All phases of development 

76 Business planning and 
management 

All phases of development 

77 Environmental knowledge 
and awareness 

All phases of development This ensures that all the stakeholders 
including port users, common public, 
etc. should be aware of the term 
sustainability and the means of 
achieving the same in the existing and 
future port operations and its 
associated activities. 

78 Tourism Planning and operation This aspect is anticipated, when 
accomplished has additional 
advantages in terms of socio-
economic comfort of the people.  

79 Maritime traffic Planning and operation This aspect is forecasted for efficient 
planning of port facilities and 
estimates the possible services that 
can be offered by the port. 

80 Adopting Green port 
strategies, policies, and 
practices. 

All phases of development This methodology can help in 
achieving sustainability easily without 
spending extra time and investment in 
formulating exclusive policies for 
sustainable practices. Adopting a 
green port strategy can be facilitated 
during the actual developmental 
stages of the port. 

 
 
*Source: Author’s own compilation 
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Table 2. Discussion on sustainable initiatives of 12 Indian major ports* 
 

S. 
No
. 

Name of 
the Port 

Vision/ Mission/ 
Quality Policy/ 

Objectives 
*(Actual terms are 
presented in this 

column as identified in 
the respective port’s 

official website) 

Environme
ntal 

Manageme
nt System 

(EMS) 

Sustainability indicator terms identified 

Remarks/ suggestions 
for improvement Economic 

aspect 

Environm
ental 

aspect 

Social 
aspect 

1 
Kandla 
Port- 

Gujarat 

"Kandla port will 
emerge as a vibrant, 
world-class, multi-cargo 
port offering services at 
multiple locations and 
having a dominant share 
of regional cargo by 
virtue of its ability to 
effectively leverage its 
locations and land 
resources for facilitating 
growth of economic 
activities and 
investments, with the 
objective of developing 
mutually beneficial and 
sustainable linkages 
with port-based 
industries and users, 
thereby making Kandla 
the driver of economic 
growth in the region. 
(Source: 
http://www.kandlaport.c
o.in/) 
 

ISO 
14001:2004 

 

 Multi 
cargo 
port 

 
 Services 

at 
multiple 
locations 

 
 Growth 

of 
economic 
activities 
and 
investme
nts 

 

 Leverag
e its 
location
s and 
land 
resource
s 

 Mutuall
y 
benefici
al and 
sustaina
ble 
linkages 
with 
port-
based 
industrie
s and 
users 

This port focuses 
primarily on satisfying 
economic aspects and 
there is a lack of satisfying 
environmental and social 
aspects which have to be 
concentrated to achieve 
stability among 
sustainability in port 
operations. The port can 
adopt green port 
methodology in its 
operation and handling of 
cargoes and update to 
latest EMS accreditation. 
The port can enhance its 
CSR activities and 
publicize the same to 
measure its sustainable 
performance in three 
dimensions. 

2 

NhavaShe
va- 

Jawaharlal 
Nehru 
Port, 

Maharasht
ra 

Jawaharlal Nehru Port is 
committed to 
sustainable development 
and adequate measures 
are being taken to 
maintain ecological 
balance.  
 
Mission: To be 
equipped with state-of-
the-art technology, 
efficiency, and 
manpower which are at 
par with the 
international standards. 
To conform to 
international standards 
and offer cost-effective 
integrated logistics 
solutions. Ensure 
security and safety of 
life, equipment, and 
cargo. Pursue the 
principles of eco-
friendly sustainable 
development. 
Constantly upgrade the 
competence, awareness, 
skills, and motivation of 
port personnel for 
continual improvement 
in all efficiency 
parameters. 

ISO 
14001:2015 

 

 State-of-
the-art 
technolo
gy, 
efficienc
y, and 
manpowe
r 
 

 Cost-
effective 
integrate
d 
logistics 
solutions 

 Maintai
n 
ecologic
al 
balance 
 

 Green 
cover 
 

 Initiativ
es to 
achieve 
“Green 
Port 
Status” 

 
 Eco-

friendly 
sustaina
ble 
principl
es  

 Ensure 
safety 
and 
security 
of  life 
 

 Continu
ally 
upgradin
g the 
awarene
ss, 
compete
nce, 
motivati
on, and 
skills of 
port 
personne
l 

This port tends to have a 
balance among the three 
facets of sustainability, 
equivalent to the 
international seaports. It 
concentrates on key 
sustainable initiatives.  
 
However, implementing 
significant sustainable 
factors such as effective 
stakeholder participation, 
CSR activities, user-
friendly port services can 
be concentrated. 
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3 
Mumbai 

Port 

Mission: We, at the 
Mumbai Port Trust, 
provide integrated sea-
port facilities for 
handling, storage, and 
delivery of 
cargo/container to our 
customers' 
requirements. We are 
committed to: 
 Strive excellence in 

port operations by 
improving 
infrastructure 
facilities. 

 Improve our 
service processes 
and Quality 
systems 
continually. 

 Establish quality 
objectives for 
improvement in 
our operations. 

 Observe safety 
norms. 

Source: 
http://mumbaiport.gov.i
n/ 

-  Integrate
d port 
facilities 
to satisfy 
customer
s’ 
requirem
ents. 
 

 Service 
processes 
and 
Quality 
systems  

 
 Customer 

satisfacti
on and 
sustained 
happines
s of all 
stakehold
ers   

-  Safety 
Norms 
 

 Total 
employe
e 
involve
ment, 
training, 
and 
effective 
review 
system 
 

This port has effective 
sustainable initiatives 
however in terms of 
environmental 
sustainability the port 
must adapt well defined 
environmental objectives 
and also adopt ISO 
14001:2015 – 
Environmental 
Management System to 
achieve balanced 
sustainability. 

4 
Mormuga

o Port- 
Goa 

(Vision, Mission, and 
quality objectives are 
not available in the 
official port website) 
 
Philanthropy: MPT 
Education Society runs 
three schools at the 
Primary, Secondary, and 
Higher Secondary 
levels, named 
Deepvihar. MPT also 
plays a major role in the 
working of New Dawn 
Ashadeep School for 
special children.   
 
Awards: MPT has won 
two prestigious awards 
from the Union Ministry 
of Shipping, for the year 
2015-2016: for 
maximum traffic growth 
compared to all the 
major ports of the 
country, and for having 
the maximum score for 
RFD (Result 
Framework Document) 
implementation. 
Source: 
https://en.wikipedia.org/
wiki/MormugaoPort_Tr
ust 

-  Maximu
m traffic 
growth 

 
 
 
 
 
 
 
 
 
 
 
 

 

-  CSR 
Activitie
s 

Compared to the other 
ports, Mormugao port lags 
in terms of all the 
sustainable aspects. The 
port trust/ port governing 
authority should frame 
definite sustainable 
initiatives and policies that 
can be adopted or 
implemented for efficient 
port operation on a long 
term basis. 

5 

Panambur- 
New 

Mangalore 
Port - 

Karnataka 

Mission: To become 
one of the leading liquid 
and multi-cargo port in 
India by adopting the 
state of the art 
technology 

ISO 
14001:2015 

 Latest 
technolo
gy, 
Infrastruc
ture and 
cargo 

 Environ
mental 
protecti
on using 
an 
effectiv

 Safe 
services 

This port must concentrate 
on implementing key 
sustainable initiatives such 
as CSR Activities, 
knowledge gain in terms 
of education, 
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Infrastructure and cargo 
handling system, 
complying 
environmental, social, 
safety and security 
standards. 
 
Vision: To be a 
professional provider of 
Port Infrastructure and 
services of world-class 
standards. 
 
Quality Policy: We are 
committed to providing 
safe and cost-effective 
services related to 
Seaport facilities at 
NMPT, meeting 
applicable Statutory and 
Regulatory 
requirements. 
 
We shall strive for the 
protection of 
Environment, Service 
excellence and 
enhancement of 
Customer satisfaction 
through the use of an 
effective Quality 
Management System 
and Continual 
improvement of all our 
processes. 
 
Source: 
http://newmangalorepor
t.gov.in:8080/#!/ 

handling 
system 
 

 Professio
nal 
provider 
of world-
class 
standards 
of Port 
Infrastruc
ture and 
services. 

 
 Safe and 

cost-
effective 
services 

 
 Satisfyin

g 
applicabl
e 
Statutory 
and 
Regulato
ry 
requirem
ents 

 
 Service 

excellenc
e and 
enhanced 
customer 
satisfacti
on 

e 
Quality 
Manage
ment 
System 

environmentally 
sustainable initiatives, etc. 
Social aspects such as the 
welfare of the people 
living in the surrounding 
area should also be 
concentrated. 

6 
Cochin 
Port- 

Kerala 

Mission: The Mission 
of the Cochin Port Trust 
is to provide 
dependable, cost-
effective mission. Port 
services through modern 
and efficient 
infrastructure coupled 
with high quality, 
customer friendly 
services. The Port shall 
manage its assets and 
resources for optimal 
economic use to the 
Nation and the 
community. The Port 
shall strive to be the 
main catalyst for the 
economic development 
of the region, with a 
strong commitment to 
environmentally sound 
policies and safe 
practices. The Board of 
Trustees, the employees 
and all stakeholders of 
the Port shall work as a 
team.  
 
Vision: The vision of 

- 

 Modern 
and 
efficient 
infrastruc
ture with 
high 
quality, 
user-
friendly 
services. 
 

 Maximizi
ng space 
and 
infrastruc
ture 
utilizatio
n 

 Commit
ment to 
environ
mentall
y sound 
policies 
and safe 
practice
s. 

 Principle
s of 
integrity, 
ethical 
behavior
, 
professi
onal 
excellen
ce, 
service 
to the 
commun
ity and 
respect 
for every 
individu
al.  

This port must concentrate 
on achieving social and 
environmental aspects of 
sustainability. The port 
must consider the 
environmentally 
sustainable aspects 
including implementation 
of ISO 14001:2015 – 
EMS. 
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the Cochin Port is to 
serve the country as 
 A public service 

provider 
 An economic 

development 
facilitator 

 A Business 
enterprise 

 An environmental 
conservator 
 
Goals  

 Strengthening our 
competitive 
position 

 Maximizing space 
and infrastructure 
utilization 

Source: 
http://cochinport.gov.in/ 

7 

Tuticorin 
VOC Port- 

Tamil 
Nadu 

Vision - "To be the 
Preferred Indian Port" 
Mission - "To Provide 
Efficient Seaport and 
Logistics Services of the 
Best Value to our 
Customers" 
Values 
* Total satisfaction of 
Customer 
* Partnership with 
stakeholders  
* Commitment to 
Quality and Teamwork 
* Fairness, 
accountability, and 
transparency in work 
* Consideration for the 
social and natural 
environment 
* Value addition 
through productivity, 
safety and security 
 
Source: 
http://www.vocport.gov.
in/ 
 

ISO 
14001:2015 

 Efficient 
seaport 
and 
logistics 
services 
to the 
customer
s 
 

 Partnersh
ip with 
stakehold
ers 

- - This port has only basic 
objectives without space 
for sustainability but for 
economic sustainability to 
some extent. The port 
must reframe its vision, 
mission and quality 
objectives in terms of 
addressing sustainability 
in all the three aspects. 

8 
Chennai 

Port 

Mission  
 Achieve excellence 

in Port operations 
with State-of-the-
Art technologies. 

 Enhance 
competence and 
enthuse the 
workforce to 
maximize customer 
satisfaction. 

 Anticipate and 
adapt to the 
changing global 
scenario.  

 Act as a catalyst 
for the sustained 
development of the 
Region. 

-  State-of-
the-Art 
technolo
gies. 
 

 Maximu
m 
customer 
satisfacti
on.  
 

 Adapt to 
the 
changing 
global 
scenario.  
 

-  Sustaine
d 
develop
ment of 
the 
region. 
 

 Efficient
, prompt, 
safe and 
timely 
services. 
 

 Improve
ment of 
the 
services 
to satisfy 
the 

This port must concentrate 
on environmentally 
sustainable initiatives and 
implementing ISO 
14001:2015 – EMS. 
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Vision 
 To be recognized 

as a futuristic Port 
with foresight. 

 
Quality Policy 
 Provide efficient, 

prompt, safe and 
timely services at 
optimum cost 

 Ensure quick turn 
round of vessels by 
providing facilities 
for efficient 
handling of cargo 

 Continually 
improve our 
services to meet 
the expectations of 
the port users, 
employees, and 
society 

 
Source: 
https://www.chennaipor
t.gov.in/ 
 

expectati
ons of 
the port 
users, 
employe
es and 
the 
society  
 

9 

Visakhapa
tnam Port- 

Andhra 
Pradesh 

Vision: To be the most 
preferred port in South 
Asia offering services of 
global standards.  
 
Mission: To be a major 
partner in meeting the 
logistics requirements of 
the importers and 
exporters of the region. 
 
Source: 
https://vizagport.com/ 
 

ISO 
14001:2015 

 Meeting 
the 
logistics 
requirem
ents of 
the 
importers 
and 
exporters 
of the 
region. 

- - This port has only basic 
objectives without space 
for sustainability. The port 
must reframe its vision, 
mission and quality 
objectives in terms of 
addressing sustainability 
in all the three aspects. 

10 
Paradip 

Port- 
Orissa 

Vision: To become the 
premier port of the East 
Coast of India by 
providing an efficient 
and cost-effective 
integrated port facility 
to its users. 
 
Mission: The port is 
committed to fulfilling 
the requirements and 
expectations of our 
esteemed customers and 
the nation by equipping 
itself with state-of-the-
art equipment and 
technology. We are 
conforming to best 
industry standards and 
offering competitive 
rates ensuring security 
and safety of life. 
Source: 
https://paradipport.gov.i
n/ 

-  Efficient 
and cost-
effective 
integrate
d port 
facilities 
to the 
users 
 

 Fulfill 
the 
requirem
ents and 
expectati
ons of 
customer
s and the 
nation 

 Port 
maintai
ns an 
eco-
friendly 
environ
ment in 
the port 
area by 
planting 
lakhs of 
tree 
saplings  
 

 Provide
d net 
barriers 
to 
control 
pollutio
n 
 

 Periodic 
air 
pollutio
n 
monitor
ing 

 Best 
industry 
standard
s 
ensuring 
safety 
and 
security 
of life. 
 

 Continu
ally 
upgradin
g the 
compete
nce, 
awarene
ss, skills, 
and 
motivati
on of the 
port 
personne
l  

This port has efficient 
sustainable initiatives and 
practices and has 
publicized the same 
clearly on its official 
website. The port must 
implement the EMS – ISO 
14001:2015. 
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11 
Haldia 

Port- West 
Bengal 

Quality Policy: We, at 
Haldia Dock Complex, 
aspire to provide 
efficient port service to 
our customers. We are 
committed to complying 
with the requirements of 
ISO: 2000 and our 
"Quality Objectives" are 
derived from the 
"Quality Policy" and 
reviewed to ensure 
continuous 
improvement and 
effectiveness of the 
"Quality Management 
System." 
 
Source: 
http://kolkataporttrust.g
ov.in/ 
 

- 

 Efficient 
port 
service to 
the 
customer
s 

- - This port aims at 
satisfying its quality 
policy and quality 
objectives. It has no 
specific sustainable 
policies or initiatives and 
there is no identified 
Environmental 
Management System. 
Thus, the port must 
concentrate on framing 
sustainable initiatives and 
policies and implementing 
the same. 

12 

Kamarajar 
Port 

limited, 
Ennore, 

Tamilnadu 

Vision: "To develop 
Kamarajar Port as a 
mega port with world 
class facilities to 
become the Eastern 
gateway Port of India." 
 Mission: "To Provide 
Port Services of 
International 
Standards." 
Source:http://www.enno
report.gov.in/content/ 

ISO 14001 - 
2004 

 Port 
Services 
of 
Internatio
nal 
Standard
s 
 

 World 
class 
facilities 

- - The vision and mission of 
this port do not reflect any 
sustainable initiatives to 
the required extent. Thus 
the port must work on 
framing and implementing 
sustainable policies, 
initiatives and practices 
and also upgrading to the 
latest EMS. 

 
 

5 Conclusion 
 

      Sustainable Port Development is a complex process compared to other 
infrastructure developments. It is a long term process which requires expertise and 
profound knowledge at all the stages of development. The methodology adopted for a 
sustainable port development should consider all the phases in a detailed manner 
including comprehensive initial planning such as identifying the need, identification 
of the location and developing the port layout, etc. as discussed above. Other aspects 
such as identifying the financial feasibility of the proposed port to be developed, 
active stakeholder participation, maintaining sustainability by preserving the coastal 
morphology and marine biodiversity are the vital factors to be considered in 
sustainable port development. Sustainability in port development is a challenging 
aspect despite the standard procedures and practices followed at present. While 
considering the case study discussed above, in India, as economic development is 
gaining momentum, sustainable port development forms an integral part of it to 
increase the import/export, GDP and maximum production throughput. Advancement 
in the economic background and sustaining the existing production becomes 
necessary to survive the competition in the global market. As stated earlier, the 
concept of sustainability in port development will satisfy the needs of all user 
communities including industrialists, investors, public and other stakeholders in terms 
of economic benefits, social welfare and also by ensuring environmental 
sustainability. It will generate employment opportunities, reduce the risks in the 
transportation of raw materials and other cargoes thereby reducing the expenses and 
also facilitating time-saving and cost effective handling of raw materials and finished 
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products. This study integrated the various aspects of sustainable port development 
strategies by identifying key sustainable indicators, especially in the Indian context. 
India has the competency and conducive environment for sustainable port 
development and its successful long term operation resulting in social, economic and 
environmental benefits and it is also capable of easily adopting sustainable practices 
for which the above identified list of sustainability indicators will promote the concept 
of sustainability in port development specifically in India. 
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