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Abstract
A port or a terminal is always associated with various adverse environmental impacts. Therefore, it is 
a pressing need to have a comprehensive environmental performance management tool to improve 
ecological sustainability. There are different tools and standards to measure environmental 
performance; such as ISO 14001, ISO 14031, EMAS and SDM. These are so general that it becomes 
impractical for small terminals to adapt them directly. Incorporating environmental sustainability into 
the Balanced Scorecard gives comprehensive, internally-developed environmental performance 
management tool to improve ecological sustainability.
Focused interviews were conducted to identify existing environmental issues at container terminals 
(JCT/UCT, SAGT and CICT), which revealed issues such as emission, waste management, energy 
conservation etc. Based on findings from interviews and the literature survey, a set of key 
performance indicators (KPIs) were developed. Analytical Hierarchical Process (AHP) was the base 
tool to rank the defined KPIs, using a questionnaire survey. Finally a Strategy Map was drawn for the 
extended Eco-BSC.
The developed model will provide a comprehensive tool for environmental performance management,
which will help measure and mitigate adverse 
sustainability at the container terminal. 
In trod u ction

The growth of international trade has given rise to 
maritime and port activities worldwide, for majority 
of the global trade happening through sea transport. 
However, with the increase of business in ports and 
terminals, the harmful environmental impacts also 
increase. In ports almost all the elements which can 
be associated with environmental impact are found: 
waste water, emissions of gas or particles into the 
atmosphere, noise, soil contamination, dredging, 
waste production, accidental releases into water or 
air, etc.1 Of all the maritime trade, containerized trade 
amounts up to 35.4%.2 Hence, as the world economy 
grows, the undesirable environmental impacts by 
container terminals will also increase.
Along with economic development, many 
stakeholders are becoming more and more conscious 
of the need for environmental sustainability of ports 
and terminals. Since they are identified as a major 
source of pollution, external pressure on reducing the 
environmental impacts of ports is growing. Therefore 
Port Authorities and Terminal Operators can no 
longer turn a blind eye to the damage they are causing 
on the surrounding environment.
There are several measures internationally recognized 
to mitigate these environmental issues. International 
Maritime Organization (IMO) have strict rules for 
pollution prevention from ships, but none for ports

environmental impacts, and improving ecological

and terminals. International Organization of 
Standardization (ISO) has a separate class, ISO 
14000, as a tool for environmental management, but 
it is purely voluntary and not specific for the 
maritime sector. Eco-Management and Audit Scheme 
(EMAS) is another such measure. There are several 
tools available, specific for ports and container 
terminals, such as Self Diagnosis Method and Green 
Port Guidelines. They too are voluntary and not 
internal measures. On the other hand, the Balanced 
Scorecard by Kaplan and Norton3 is one of the most 
popular concepts of performance measurement in a 
business unit. Therefore it is suggested that the best 
approach to measure environmental performance of a 
container terminal, as well as other operational 
aspects, would be to integrate environmental 
sustainability into the Balanced Scorecard.
This study was carried out to develop a set of Key 
Performance Indicators from the Ecological 
perspective for an extended Balanced Scorecard to 
measure environmental performance at container 
terminals in Sri Lanka.

R esearch  O b jectives

The main research problem addressed in this research 
was “How the Eco Balanced Scorecard can be 
applied to improve the environmental performance in 
container terminals.”
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B ased on the above R esearch  Problem , the ob jectives 
o f  the research  can be stated  as follow s:

•  Identify  the E co log ical B alanced  S corecard  (E co-

B SC ) approach

•  Identify  env ironm en ta l issues w ith in  the co n ta in e r# 

te rm inal that need to be addressed  to im prove 

susta inab ility

• Iden tify  ISO , IM O  and E M A S standards regard ing  

env ironm en ta l su sta inab ility  o f  a con ta in er te rm inal, 

and en v ironm en ta l s tandards set by  o ther Port 

A u tho rities  and te rm inals  around  the w orld

•  D evelop  K PIs to m easure  the eco -su sta in ab ility  o f  

con ta in er te rm inals  in Sri L anka in acco rdance  w ith 

the E co-B S C  and p rio ritize  them  using  the A naly tica l 

H ierarch ical P rocess (A H P).

Literature Review
E nv ironm en ta l perfo rm an ce  refers to  the 

en v ironm en ta l resu lts  rea lized  w h en ev er the 

en v ironm en ta l aspects  o f  ac tiv ities, p rocesses, 

p roducts , serv ices, system s, and  o rgan iza tions are 

m anaged  and  co n tro lled .4 It is im proved  w hen  

adverse  env iro n m en ta l im pacts  are red u ced  and 

b enefic ia l env iro n m en ta l im pacts  are p roduced .

T he ba lan ced  sco reca rd 3 is a perfo rm an ce  

m easu rem en t too l in troduced  by  K ap lan  and  N orton . 

Its ap p licab ility  in m easu rin g  env iro n m en ta l 

perfo rm an ce  is no t unknow n; bu t rare  in the  m aritim e 

industry . F rom  an en v iro n m en ta l persp ec tiv e , one 

advan tage  o f  B SC  is tha t it show s the  re la tio n sh ip

betw een long-term  resources and capab ilities, 

including  susta inab ility  issues, and short-term  

financial o u tco m es.' T here are 3 d ifferen t approaches 

in in teg rating  env ironm enta l concerns into the 

balanced  scorecard  to m easure the su sta in ab ility .” 

In teg ra ting  env ironm enta l m etrics into the ex isting

four perspectives

A dding  an add itional perspective  that is concerned  

w ith  env ironm en t (ex tended  B SC )

F orm ula ting  a specific  env ironm enta l scorecard  

(them atic  B SC )

O f  them , the derived  B SC  rep resen ts  on ly  a second 

step  and the initial step should  alw ays be to in tegrate 

env ironm en ta l aspects into the core B S C .” Selecting  

the best out o f  the first tw o app roaches m ust be based 

on  the charac teristics  o f  the  o rgan ization . I f  the 

s tra teg ica lly  re levan t env ironm en ta l ob jectives can  be 

in teg rated  to the conven tional sco recard , the first 

m ethod  is appropria te . I f  not, an add itional non- 

m arke t perspective  needs to be  included  to ex tend  the 

o rig inal sco reca rd .”

Research Methodology
T he fo llow ing  m e th o d o lo g y  w as fo llow ed  tQ achieve 

the research  ob jectives:

D ata  co llec tio n  m ethods inc ludes tw o app roaches as 

p rim ary  data  co llec tio n  and  seco n d ary  data  co llection . 

O ut o f  th is, the  seco n d ary  da ta  co llec tion  is done in 

the lite ra tu re  rev iew . T he p rim ary  data  requ ired  is 

co llec ted  in  2 steps: the  in itia l focused  in te rv iew  and 

the questio n n a ire  survey.

Figure 1 Ecological Balanced Scorecard
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The initial literature review highlights the need of 
environmental performance measurement for the port 
sector and the common sustainability concerns at 
ports and terminals. It looks into the applicability of 
the sustainability-balanced scorecard in different 
industries and provide the base of selecting the 
approach to integrate environmental concerns to the 
BSC. Further, the literature review consists of the 
different tools and standards in existence to measure 
environmental performance of a company, such as 
ISO 14000, EMAS, Self-Diagnosis Method and 
Green Port Guidelines. The Key Performance 
Indicators to measure** environmental sustainability 
that has been adopted by different ports and container 
terminals worldwide are also discussed.
Initial focused interviews were conducted with 
selected personnel from the 3 main container 
terminals (JCT, SAGT and CICT) in Sri Lanka, to i  
identify the existing environmental issues in their 
respective container terminals. Addressing the 
findings of this semi-structured interview, and based 
on the literature survey, a set of KPIs is defined for 
the container terminals in Sri Lanka.
Key Performance Indicators that have been developed 
were tested using a questionnaire survey. It is done 
using a pair-wise comparison, where the respondent 
selects the more important aspect of a given pair, and 
the degree of importance of one criteria over the 
other. The responses were analyzed using Analytical 
Hierarchical Process (AHP), a multi criteria decision 
making tool.7 Comparisons indicated in a pair-wise 
comparison matrix are normalized in the next step to 
obtain the Priority Vector or the Performance Score 
of each criteria. Consistency calculations are done to 
check the consistency of the responses. Group

Q

decision making technique, using the Consistency 
Ratio (CR) value was used whenever combining the 
different responses given by the various respondents. 
The final result would be a prioritized set of KPIs for 
each of the container terminals.
In the next phase, a Strategy Map was drawn for the 
Balanced Scorecard, to show which of the KPIs in the 
Ecological perspective is critically influencing the 
other four perspectives of the BSC. In such a map, all 
sustainability aspects which have been identified as 
strategically relevant are presented in the hierarchical 
network of cause-and-effect chains..6

A n alysis and F in d ings

Following the steps described under Methodology, 
the analysis was carried out..
Before developing the Key Performance Indicators to 
the Eco Balanced Scorecard, existing environmental

issues in the container terminals were identified. This 
was through focused or semi-structured interviews 
with selected personnel from the three main container 
terminals (JCT, SAGT and CICT) in Sri Lanka. The 
questions asked were open ended and the interviewee 
was free to express their own ideas. In order to 
identify environmental issues at JCT and UCT, the 
former head of the Sustainability Team of SLPA, 
who was well aware of environmental issues at the 
container terminals, the Health, Safety and 
Environment Manager at SAGT and a Manager from 
the Operations Division of CICT were interviewed. 
The initial focus interview findings revealed that in 
JCT and UCT, the main environmental issues were 
air pollution caused by burning fuel, inefficient 
material usage, lack of sorting, reusing and recycling 
waste, water pollution, and the unavailability of an 
internal environmental management system. At 
SAGT, the emissions from vehicles and equipment, 
waste accumulation, and electricity usage were the 
key problems. Further it was revealed that the 
management at SAGT was working towards 
obtaining ISO 14001 certification. In SAGT, there are 
monthly debriefing sessions conducted to educate the 
employees on how they can contribute to reduce 
impacts on the environment For CICT, the main 
issues were air pollution due to emissions, garbage 
collection and lack of recycling. All three terminals 
are under obligation to the Central Environmental 
Authority to comply with regulatory requirements.
The issues identified from the focus interview are 
summarized in Table 1.
The defining of Key Performance Indicators (KPIs) 
was done based on the focus interview findings and 
the literature survey. The base tool used was a revised 
version of “Green Port Guidelines” by the Sydney 
Ports Corporation, as given in Fig. 2. It identifies 
eight key environmental areas under two main 
concerns: resource consumption and environment 
quality.9 In each of the areas recognized, KPIs were 
defined, up to a total of 25.
As explained in Methodology, the prepared 
questionnaire was distributed to an expert group of 
top and middle level managers at each container 
terminal, and 6 responses were obtained (JCT/UCT 4, 
SAGT 1 and CICT 1). The data collected from the 
respondents were analyzed using the AHP tool.
The analysis of the data collected by the Analytical 
Hierarchical Process technique have given a ranking 
of the KPIs defined earlier in the Literature Review.
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Environmental Issue JCT SAGT CICT
A ir pollution/Em ission X X X

Equipm ent use -  TTU and yard cranes X X

W aste collection X X X

High and inefficient material usage X

Recycling issues X X

W ater pollution X X

Internal environm ental m anagem ent 
policy

X X X

Lack o f  good housekeeping X

Energy conservation X X

T able 1. Environmental Issues of Container Terminals

Resource Consumption Environmental Quality

M a te r ia ls  E ff ic ie n c y E m iss io n s

W a s te  M a n a g e m e n t ................................ — ................ ................................................................... .........................— — ^
------------------------------------------------------------------------ -

W a te r  C o n su m p tio n W a te r  Q u a lity

E n e rg y  U se

E q u ip m e n t U sa g e
E n v iro n m e n ta l M a n a g e m e n t

Fig. 2. Revised Key Environmental Issues: Green Port Guidelines

In  th is research , the  K P Is o f  the th ree  d ifferen t 

co n ta in er te rm inals  have no t b een  agg rega ted , since 

the 3 te rm inals  are o p era tin g  un d er d ifferen t 

au tho rities  and  th e ir  en v iro n m en ta l issues are varied . 

T h erefo re , the ou tp u t o f  the A H P  is u n ique  to  each  

con ta in er te rm inal, w ith  som e sim ilarities. A ll th ree  

te n n in a ls  have ranked  the m ain  ca teg o ry  “R esou rce  

C o n su m p tio n ” to  be  h ig h e r than  “E n v iro n m en ta l 

Q u a lity ” . U n d er the fo rm er, the  tw o  sub -ca tego ries  

“E nergy  U se” and  “E q u ip m en t U sa g e” are w ith in  the 

top  3 ranked  in all th ree  te rm inals. F urther, the K PIs 

“Q u ay  crane and  y ard  crane d iesel co n su m p tio n ” and  

“T o ta l annual en ergy  co n su m p tio n ” are am ong  the 

top  5 in the g loba l ran k in g  o f  all con ta in er te rm inals. 

F ina lly , a sam ple  S tra tegy  M ap  has b een  d raw n  up for 

S A G T  to  illu stra te  the  re la tio n sh ip  b e tw een  10 K PIs 

in  the  E co log ica l p ersp ec tiv e  and  the  fou r o ther 

perspective .

Conclusions

E nv ironm en ta l issues associa ted  w ith  the m aritim e 

industry  are h igh , e sp ec ia lly  in po rts  and term inals. 

S takeho lders  now  are b ecom ing  m ore  and  m ore 

a tten tive  on en v ironm en ta l susta inab ility , to m easure  

and  m itiga te  im pacts on the env ironm ent.

T he o b jec tive  o f  the research  w as to  iden tify  

env ironm en ta l issues in  co n ta in er te rm inals  in Sri 

L anka, and  develop  a set o f  env ironm enta l 

p erfo rm ance  ind icato rs fo r E co log ica l perspective  in 

the ex ten d ed  B alanced  S co recard  to im prove 

env ironm en ta l susta inab ility .

A n  in itia l litera tu re  su rvey  rev ea led  the d ifferen t too ls 
in use  to  m easu re  env ironm en ta l perfo rm ance. A  
p re lim in ary  focus in te rv iew  conducted  w ith  one 
p e rso n  from  each  co n ta in er te rm in a l (JC T , SA G T  and 
C IC T  w ho w as fam iliar w ith  the env ironm ent, 
rev ea led  ex isting  env ironm en ta l issues such  as 
em ission , w aste  m anagem ent, energy  conservation  
lack  o f  in ternal env ironm en ta l m an ag em en t po licy , 
etc..
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Table 2. Top 10 KPI according to Global Rankings

Rank JCT/UCT SAGT CICT

1 Energy consumption 
per TEU

0.1506
Quay Crane and Yard 

Crane Diesel 
consumption

0.0975 Total annual energy 
consumption

i

0.1323

2 Total annual energy 
consumption 0.0955

Percentage from 
renewable energy 

sources
0.0960 Energy consumption 

per TEU 0.1323

3 Hours of preventive 
maintenance 0.0819 Total annual air 

emission 0.0484
Quay Crane and Yard 

Crane Diesel 
consumption

0.0828

4
Quay Crane and Yard 

Crane Diesel 
consumption

0.0809 Total annual water 
consumption 0.0479 Hours of preventive 

maintenance 0.0777

5
Average fuel 

consumption of vehicle 
fleet/ equipment

0.0562 Total annual energy 
consumption 0.0369 Electricity

consumption 0.0686

6
Amount of water 
untreated water 

released to soil/sea
0.0482

M
Time spent idling 0.0355

Total annual 
emissions of GHG per 

TUE .
0.0506

7 Electricity
consumption 0.0457 Electricity

consumption 0.0336 Total annual air 
emission 0.0506

8
Percentage from 

renewable energy 
sources

0.0298 Hours of preventive 
maintenance 0.0332

Amount of waste 
recycled: Cubic 

meters of solid waste 
or litres of liquid 

waste

0.0447

9 Wastewater discharged 
per TEU handled 0.0238 Noise measured at 

specific receptor 0.0286 Time spent idling 0.0355

10 Number of employees 
trained 0.0231

Annual quantity of 
different materials 

used
0.0248

Average fuel 
consumption of 
vehicle fleet/ 
equipment

0.0323

It was the platform in defining the KPIs. These 
were ranked using AHP and finally, a Strategy Map 
was drawn to realize cause-and-effect relationship 
between the Ecological perspective and the other 
four perspectives.
The study showed that the extended Balanced 
Scorecard is a good technique to incorporate 
environmental sustainability into a company’s 
performance matrix. The followed methodology 
gave a prioritized set of KPIs for the Ecological 
perspective of the extended BSC. It showed that the 
results were difficult to be generalized, and unique 
to the container terminal.
By implementing this model, management of 
container terminals will have a comprehensive tool 
for environmental performance management, 
which will be the key for measuring and mitigating 
adverse environmental impacts, and improving 
ecological sustainability at the container terminal.
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