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Abstract: The integration of activity-based costing (ABC) and environmental 
cost accounting (ECA) systems provides companies with more accurate 
information to make both well-rounded and effective decisions. The purpose of 
this study is to propose an effective approach to integrate both ABC and ECA 
systems. A case study analysing process is used to compare the traditional 
accounting system and the ABC system for allocating environmental costs. The 
results enable managers not only to understand financial information regarding 
the activities for environmental protection and the percentage of environmental 
costs in the overall product costs but also to make more objective and accurate 
decisions. 
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1 Introduction 

Modern manufacturing companies are facing a globally competitive market. Estimating 
product costs more accurately have become a strategic objective. The recent development 
of the activity-based costing (ABC) system methodology has helped company managers 
to estimate product costs more accurately. Moreover, green competitiveness will be a 
critical factor to support companies’ sustainable development. With today’s situation in 
mind, where a number of stakeholders have begun to focus on companies’ environmental 
activities, a well performed environmental accounting could be a very valuable 
management communication tool. More firms put increasing emphasis on environmental 
cost accounting (ECA) system because the costs of complying with environmental 
regulation (WEEE, RoHS and EuP) have increased. The impact of regulation on the cost 
of production is expected to become an important determinant for the international 
competitiveness of firms. In response to cost pressures, many companies have launched a 
number of initiatives aimed at improving efficiency and reducing environmental impact; 
as a result, integrated ABC and ECA system must be developed to achieve goals of 
sustainable competitive advantage. How to integrate these two methods motivates this 
study. Therefore, the purpose of this study is to propose an appropriate approach to 
integrate ABC and ECA systems. 

This paper presents an overall strategy of integrating ABC and ECA systems to gives 
readers ideas where they can utilise to implement in their own company. The focus is that 
the ABC system can help a company better understanding its environmental costs. At the 
same time, a detailed case study analysing process is used here to illustrate the 
comparison between the traditional cost accounting system and the ABC system for 
allocating environmental costs. The company, in this case, has successfully established an 
ECA system but has not yet integrated it with the ABC system. Our study is presented in 
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the hope of contributing to the integrated ABC–ECA system to enhance the company’s 
capacity to address the challenge of sustainable development more effectively. 

The rest of this paper is organised as follows: in Section 2, we introduce the basic 
concepts of ABC and ECA systems. In Section 3, we discuss the integrated ABC–ECA 
system in more details. In Section 4, we illustrate this integrated system with a case 
study. Section 5 concludes this paper with some general guidelines and recommendations 
to managers. And finally, Section 6 discusses the limitations and future research 
directions. 

2 Concepts of ABC and ECA systems 

2.1 The ABC system 

Traditional product cost accounting systems have been based on specific direct cost 
categories such as labour and materials, plus a residual indirect cost called overhead that 
is either being allocated to products on a more or less arbitrary basis, or written off as a 
period cost (expense), and therefore not tracked through products at all (Bennett and 
James, 1997). ABC system, developed in practice and reported by Cooper and Kaplan 
(1988), is seen as a cost system that accurately assigns overhead costs to products. It 
examines activities that are actually relevant to the production of a product and attempts 
to determine which products are profitable, which customers are the most valuable, 
whether processes are value-added or not and where efforts towards improvement should 
be made (Gupta and Galloway, 2003). According to Cooper and Kaplan (1988), the ABC 
system removes distortions from the traditional cost accounting system and provides 
more representative costing measurements for better decision making. In fact, ABC 
system has been called one of the most important management innovations the last 
hundred years (Emblemsvåg, 2000). It is an approach to cost management that moves 
management focus beyond the traditional emphasis of short-term planning, control and 
decision making, and product costing to a more integrated, strategic, competition-
sensitive way of looking at internal cost structures (White et al., 1995). 

Currently, ABC system has become an important tool to improve competitiveness in 
business organisations as attempts are being made to adopt new ways of allocating 
overhead costs while calculating the costs of products or any other cost objects. The use 
of ABC system in accounting activities is not new. Accountants are normally familiar 
with this ABC system (ECOLIFE II, 2003). Many companies have successfully used  
the ABC system to change their pricing scheme or to better allocate their resources. The 
benefits of a well-structured ABC system extend beyond having a more accurate 
understanding of costs. Because ABC system focuses attention on the activities that  
are required to achieve business objectives, it encourages managers to improve the 
efficiency of activities and to reduce or eliminate activities that do not add value 
(NEWMOA, 1998). Through the diffusion of ABC/management (Askarany et al., 2007), 
the information obtained from the ABC system has been utilised for product pricing, 
sourcing, new product development, product profitability analysis (Goebel et al., 1998), 
product-mix decision (Tsai, 1994; Tsai et al., 2008), customer profitability analysis 
(Noone and Griffin, 1999), cost of quality analysis (Tsai, 1998), joint products decision 
(Tsai, 1996b; Tsai et al., 2008), environmental management (Tsai and Hung, 2009a,b; 
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Tsai et al., 2007a), project management (Raz and Elnathan, 1999), software development 
(Fichman and Kemerer, 2002) and so on. 

The ABC system focuses on the accurate cost assignment of overhead costs to 
products. The assignment of costs through ABC system occurs in two stages: activities 
consume resource costs and cost objects (i.e. products or services) consume activities. In 
practice, this means that resource costs are assigned to various activity centres by using 
resource drivers in the first stage. An activity centre is composed of a group of related 
activities, usually defined by function or process. The group of resource drivers is the 
factor chosen to estimate the consumption of resources by the activities in the activity 
centres. Every type of resource assigned to an activity centre becomes a cost element in 
an activity cost pool. In addition, in the second stage, each activity cost pool is traced to 
the cost objects via an activity driver that measures activity consumption by cost objects 
(Turney, 2005). Then, the total cost of a specific product can be calculated by adding the 
costs of various activities assigned to the product. 

Cooper (1990) classified the activities into four general categories for manufacturing 
activities. The four categories of activities are: 

1 unit-level, performed each time a unit is produced, for example, ordering dishes 

2 batch-level, performed each time a batch of goods is produced, for example, 
resupplying 

3 product-level, performed as needed to support all units of a particular product, for 
example, purchasing parts or components 

4 facility-level, performed to sustain the firm’s performance, for example, rent, 
depreciation, administrative operation, etc. 

The costs of different levels of activities will be assigned to products by using different 
kinds of activity drivers. For example, ‘number of machine hours’ is used for the activity 
‘machining’, ‘set-up hours’ for ‘machine set-up’, and ‘number of design hours’ for 
‘product design’ (Tsai, 1996b). In the service sectors, there are also examples as ‘number 
of enquiries’ for the ‘reference desk enquiries’ activity or ‘number of catalogued items’ 
for the ‘database maintenance’ activity in the library (Ellis-Newman and Robinson, 
1998). Some costs can be directly linked through a causal chain, while many costs can be 
indirectly linked to a cost object. Costs that can be directly linked to products are said to 
be traced to the cost object, while indirect costs have to be allocated to the cost object 
because there is no direct causal reason for making the link (Burritt, 1997). Frequently, 
the costs of facility-level activities cannot be traced to products with the definite  
cause–effect relationship and should be traced to products with proper allocation basis 
(Cooper, 1990).  

In short, ABC system allocates resources to activities, and then activities to cost 
objects, through imputed causal relations based upon volume and non-volume-related 
drivers (Cooper, 1990). However, this does not guarantee that indirect costs are correctly 
attributed to products (Armstrong, 2002; Jones and Dugdale, 2002). Several reservations 
have been expressed regarding the efficacy of ABC system (Innes et al., 2000; Major and 
Hopper, 2005; Malmi, 1997). In some cases firms have failed to complete their ABC 
projects and in others they have failed to gain benefits expected from the ABC system 
they have installed (Lyne and Friedman, 1996). Generally, it is accepted that there is no 
universally appropriate accounting system suitable to all organisations in all 
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circumstances (Emmanuel et al., 1990). The precision of an ABC system depends upon 
the level of details of its operation information. An appropriate choice of this detail level 
is crucial. Tsai (1996a) suggested using work sampling to estimate the percentage of the 
indirect worker time to overcome this drawback. The work sampling is particularly 
helpful in the analysis of non-repetitive or irregularly occurring activities.  

2.2 The ECA system 

Environmental costs are traditionally lumped into overhead/administrative accounts, and 
because of their less tangible and difficult-to-quantify nature, environmental costs are 
particularly susceptible to disconnection from the products, processes or activities, 
responsible for their creation. The environmental costs are greatly underestimated over 
the past two decades, and most of these costs are usually not traced systematically and 
attributed to the responsible processes and products. Yet, they are simply summed up in 
general overheads. There are numerous examples of potentially important environment-
related costs being inadvertently hidden in the accounting records, where a manager who 
would like to benefit from that information cannot find it easily (Jasch and Savage, 
2005). For instance, according to the Amoco Yorktown Refinery case study, documented 
in ‘Green Ledgers: Case Studies in Corporate Environmental Accounting’, a large sample 
of employees estimated environmental costs to be 3% of non-crude operating expenses. 
After further investigation, those costs were found to be at least 22% of non-crude 
operating costs (Ditz et al., 1995). Kreuze and Newell (1994) observed that the arbitrary 
cost allocation leads to the incorrect accumulation of product costs. As a result, when 
environmental costs are not separately recognised but aggregated in a common overhead 
pool and then allocated to products, those products that actually have lower 
environmental costs provide the products with higher environmental costs with a cross-
subsidy. The ‘dirty’ products are sold too cheaply whereas the products that are relatively 
more environmentally benign are sold too expensively. Therefore, wrong pricing 
decisions could reduce a company’s competitiveness. 

The company AT&T in the USA performed a study of the environmental accounting 
(in their vocabulary under the name ‘Green Accounting’) in 1995, and they stated that: 
“... the best business focus for Green Accounting is the collection and use of information 
for internal management, because making better decisions will result in improved 
performance for external reporting” (US EPA, 1995b). 

In general, the environmental accounting describes, measures, and reports on the 
allocation of environmental resources, costs, expenditures and risks to various industry 
groups, to specific firms, or within firms to specific departments, projects, activities or 
processes (Gale and Stokoe, 2001). An advanced step of the development of an 
environmental accounting is the development of the ECA. It directly places a cost on 
every environmental aspect, and determines the cost of all types of related environmental 
actions. Environmental actions include pollution prevention, environmental design and 
environmental management (Yakhou and Dorweiler, 2004). The main problem of ECA 
system is that we lack a standard definition of environmental costs. Depending on various 
interests, environmental costs include a variety of costs (Jasch, 2003).  
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The US Environmental Protection Agency (US EPA) identifies a hierarchy of 
environmental costs linked to the pollution prevention (US EPA, 1995a). These include: 

1 direct environmental costs associated with the preventing pollution 

2 hidden costs of the environmental regulation 

3 contingent liabilities arising from the need to remediate contaminated sites, and 
penalties for non-compliance with legislation and regulations 

4 intangible costs and benefits of the pollution prevention associated with stakeholder 
attitudes and the perceptions of the organisation. 

Quarles (1995) examined the critical issues related to the identification and classification 
of environmental expenditures by business organisations. The developed EPA 
environmental cost classification scheme was reviewed, and a number of potential 
shortcomings of that system were identified. This study proposed an alternative 
environmental cost classification system based on the concepts of ABC. This ABC 
system has overcome many of the potential shortcomings of the US EPA system and 
could be more useful for internal management decision making, regarding the nature and 
extent of environmental expenditures. The five categories of environmental costs are 
preventive costs, detective costs, corrective costs, disposal costs and reporting costs. 

Ministry of environment promoted a research to develop announcement factors and 
methods of environmental information applicable to enterprises in Korea. This guideline 
was pursuant to the cost classification by the environmental activity of an enterprise, and 
the subsequently environmental-related cost was classified in four factors as below 
(KMOE, 2003). 

1 pollution treatment activities 

2 pollution prevention activities 

3 stakeholder activity 

4 environmental compliance and remediation activities. 

Japan’s Ministry of the environment pointed out environmental accounting aims at 
achieving sustainable development, maintaining a favourable relationship with the 
community and pursuing effective environmental conservation activities. These 
accounting procedures allow a company to identify the cost of environmental 
conservation during the normal course of business, to recognise benefits gained from 
such activities, to provide the best possible means of quantitative measurement (in 
monetary value or physical units), and to support the communication of its results 
(JMOE, 2005). Each environmental cost is categorised according to the relevant business 
activities. Key business activities span the range of goods, purchasing through production 
and distribution. Administrative activities, R&D and social activities are considered 
separate categories in the series of business activities through sales. And environmental 
costs are described as below. 

1 business area cost 

2 upstream/downstream costs 

3 administration cost 
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4 R&D cost 

5 social activity cost 

6 environmental remediation cost. 

The life cycle of a generic industrial product was defined by SETAC (1991) as being 
composed of raw material acquisition, processed/manufactured, distributed/transported, 
used/reused/maintained, recycled and managed as waste. Senthil et al. (2003) proposed 
life cycle environmental cost (LCEC) analysis model, which is to include the eco-costs of 
a product into the total cost of the product. The newly developed categories of eco-costs 
are: costs of effluent treatment/control/disposal, environmental management systems, 
eco-taxes, rehabilitation and energy savings of recycling and reuse strategies. 

To summarise, there are various approaches in connection with categorisation of 
environmental costs. In Japanese version, environmental costs are categorised according 
to all life cycle activities of a product. These costs are called ‘LCECs’. LCEC model 
takes into consideration all aspects of product life cycle, thus it provides a more 
comprehensive approach to analyse environmental costs.  

3 Integrating ABC and ECA systems 

The main part of environment-related costs, such as energy, water, waste disposal and the 
salaries of environmental staffs are likely to be included in overheads (White and Savage, 
1995; White et al., 1995). These practices indicate that, where products or processes have 
high environmental costs, the figures can be hidden from decision-makers. This 
diminishes the motivation to reduce the costs and can also create a bias against pollution 
prevention projects (White et al., 1995). An approach that is of particular relevance to 
environment is the ABC. It tries to create more meaningful cost information by tracking 
costs to products and activities on the basis of the underlying ‘drivers’ that cause those 
costs to be created in the first place. The amount of costs lost in overheads is thereby 
greatly reduced. As a result, product prices can be set more accurately, and significant 
cost drivers can be targeted for cost reduction measures. Where environment is a 
significant cost driver, it will be highlighted naturally by ABC activities (Bennett and 
James, 1998). Furthermore, Brooks et al. (1993) proposed that, by incorporating 
environmental costs into the ABC system, organisations can more accurately identify 
those products and plants that are driving their environmental costs. Once identified, 
firms would then be better equipped to determine which products to eliminate, which 
materials to change and what processes to modify. AT&T has pointed out that its Green 
Accounting should be based on activity-based management and ABC principles, and the 
company should set up a ‘baseline’ of information about the degree to which 
environmental costs can be allocated to specific products (Parker, 2000). Therefore, ABC 
system improves the product cost calculations by allocating costs, typically found in 
overhead accounts to the polluting activities and products, determined by quantitative life 
cycle assessment procedures (Beer and Friend, 2006). 

If environmental costs are treated as overhead costs to be allocated, this will reduce 
the transparency of environmental costs; it is important for the environmental cost 
management. It will also result in distorted costs for the decision making if no specific 
mechanism to link the environmental costs to products is defined. In consequence, 
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companies need to incorporate environmental impacts and costs into the product costing 
and pricing by integrating ABC and ECA systems.  

Previous studies have various problems in terms of classification of environmental 
costs and selection of cost drivers. Some did not make use of cost drivers (Brooks et al., 
1993), some had rough and inadequate cost drivers (Quarles and Stratton, 1998; Rogers 
and Kristof, 2003; Schaltegger and Müller, 1997; Stuart et al., 1996), some categorised 
environmental activities too arbitrary (Quarles and Stratton, 1998; Stuart et al., 1996) and 
some allocated environmental costs without identifying environmental activities (Brooks 
et al., 1993; Rogers and Kristof, 2003; Schaltegger and Müller, 1997). This paper 
attempts to overcome the weaknesses of previous studies by using more appropriate cost 
drivers and more complete environmental activities to allocate environmental costs. 

Firstly, to determine indirect environmental costs, one must identify resources 
consumed, environmental activities and causal relationships between the environmental 
activities and the resources used to perform them. Once this is completed, environmental 
activity costs can then be assigned to the product or process. The identification of 
associated activities provides the link between what is actually occurring within the 
company, and costs from the associated resources required for those activities. Each 
activity will require different resources (e.g. labour, material, utility, etc.) including a 
range of associated resource costs. By recognising the activity’s pattern of resource used 
and selecting the most appropriate measure of the resources consumed (known as 
resource drivers); a company can begin to allocate proper resource costs to each activity. 
These are subsequently linked to cost objects by discovering the relevant activity pattern 
for each cost object and choosing the most appropriate measure of the level of activity 
(known as activity drivers). The proposed environmental activities and activity drivers 
are depicted in Table 1. The appropriate selection of environmental activities and activity 
drivers through the ABC system allow companies to trace many environmental overhead 
costs to cost objects and may give company management a better overview of 
environmental costs. For example, factory maintenance or cleaning costs can be 
segmented according to the different activities. Maintenance costs of environmental 
components, such as ‘clean-up of spills’ or ‘collection and separation of recyclable 
materials’ can be identified and measured. In contrast, traditional cost accounting system 
ignores the activity stage and at best allocates resource costs directly to cost objects based 
on the crude drivers such as direct labour hours and machine hours. 

The following steps are performed to identify and estimate an appropriate cost of 
each environmental activity associated with the product (cf. Ben-Arieh and Qian, 2003): 

Step 1 Identify resources (i.e. what is used to do work). 

Step 2 Analyse resource driver rates. 

Step 3 Identify environmental activities. 

Step 4 Assign resources to each environmental activity via resource drivers spent. 

Step 5 Analyse the environmental cost for each activity. 

Step 6 Define activity drivers for each activity and find its activity driver rate. 

Step 7 Calculate the total environmental cost for each product via activity drivers spent. 
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In the next section, a case study is illustrated to demonstrate this integrated ABC–ECA 
system for allocating environmental costs to products and compare the results of the 
traditional cost accounting system and the ABC system. 
Table 1 Resources and activity drivers for environmental activities 

Activity centre Environmental activity Resources Activity driver (physical unit) 

1 Air pollution prevention  
activity (including acid rain) 

Equipment, 
labour, utility 

Volume of waste  
emissions (kg) 

2 Water pollution prevention 
activity 

Equipment, 
labour, utility 

Volume of waste  
water (m3)

3 Ground contamination 
prevention activity 

Equipment, 
labour, utility 

Volume of contaminated 
ground (m2)

4 Noise pollution  
prevention activity 

Equipment, 
labour, utility 

Noise (decibels) 

5 Vibration pollution  
prevention activity 

Equipment, 
labour, utility 

Vibration (decibels) 

6 Odour pollution  
prevention activity 

Equipment, 
labour, utility 

Volume of foul  
odour (mg/l) 

7 Ground sink down  
prevention activity 

Equipment, 
labour, utility 

Volume of pumped  
water (m3)

Pollution 
prevention 
activity  
centre 

8 Other types of pollution 
prevention activity 

Equipment, 
labour, utility 

Volume of NOX, SOX,
emissions (tons) 

1 Global warming  
and energy conservation 
prevention activity 

Equipment, 
labour, utility 

Volume of greenhouse gas 
emissions (tons-CO2)

2 The ozone depletion  
prevention activity 

Equipment, 
labour, utility 

Volume of greenhouse gas 
emissions (tons-CO2)

Global 
environmental 
conservation 
activity  
centre 

3 Other global environmental 
conservation activities 

Equipment, 
labour, utility 

Volume of greenhouse gas 
emissions (tons-CO2)

1 Activity for the efficient 
utilisation of resources 

Equipment, 
labour, utility 

Total energy input  
volume (joules) 
Water input volume (m3)

2 Activity for recycling  
industrial waste 

Equipment, 
labour, utility 

Volume of recycled 
industrial waste (tons) 

3 Activity for recycling  
hazardous waste 

Equipment, 
labour, utility 

Volume of recycled 
hazardous waste (tons) 

4 Activity for disposal of 
industrial waste  

Equipment, 
labour, utility 

Volume of non-recycled 
industrial waste (tons) 

Resource 
recycling  
activity  
centre 

5 Activity for disposal of 
hazardous waste  

Equipment, 
labour, utility 

Volume of non-recycled 
hazardous waste (tons) 

6 Activity contributing to 
resource circulation 

Equipment, 
labour, utility 

Input volume of circulated 
resources (tons) 
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Table 1 Resources and activity drivers for environmental activities (continued) 

Activity centre Environmental activity Resources Activity driver (physical unit) 

1 Green purchasing and  
typical goods and services 
procurement and purchasing 
methods 

Labour,  
material 

Number of  
purchasing (no.) 

2 Additional activity for 
supplying environmentally 
conscious products 

Labour Volume of  
toxics (tons) 

3 Additional activity for  
reducing the environmental 
impact of containers and 
packaging 

Labour Volume of containers and 
packaging used (tons) 

Upstream/ 
downstream 
activity  
centre 

4 Activity for the collection, 
recycling, resale and proper 
disposal of used products  

Labour Volume of products 
circulated, such as products, 
containers and packaging 
collected after use (tons) 

1 Activity for the  
implementation and  
maintenance of an  
environmental  
management system 

Labour Time EHSDa spends 
supporting each  
business unit (hr) 

2 Activity for disclosure of 
environmental information 
associated with business  
activities and environmental 
advertising 

Labour Time EHSDa spends 
supporting each  
business unit (hr) 

3 Activity for monitoring 
environmental impact 

Labour Number of  
internal audit (no.)  

4 Activity for environmental 
training of employees 

Labour,  
material 

Number of trained employees 
Time of training sessions (hr) 

Administration 
activity  
centre 

5 Activity for environmental 
improvement activities,  
such as nature conservation, 
greening, beautification and 
landscape preservation, at  
or in the vicinity of the  
business site 

Labour Distribute proportionally to 
all business units based on 
revenue (dollars) 

1 R&D activity to develop 
products that contribute to 
environmental conservation 

Labour,  
material 

Time of R&D (hr) R&D
activity  
centre 

2 R&D activity to curtail 
environmental impact at the 
product manufacturing stage 

Labour,  
material 

Time of R&D (hr) 

3 Other R&D activity  
associated to the curtailment  
of environmental impact at  
the distribution stage or the 
marketing stage of products 

Labour,  
material 

Time of R&D (hr) 
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Table 1 Resources and activity drivers for environmental activities (continued) 

Activity centre Environmental activity Resources Activity driver (physical unit) 

1 Activity for environmental 
improvement activities,  
including nature conservation, 
planting of greenery, 
beautification and landscape 
preservation, with the  
exception of the business site 

None Distribute proportionally to 
all business units based on 
space (m2)

2 Activity related to  
donation or financial  
support of environmental  
groups 

None Distribute proportionally to 
all business units based on 
revenue (dollars) 

Social  
activity  
centre 

3 Activity associated with  
various social activities,  
such as the financial support 
of a local community’s 
environmental conservation 
activities and the disclosure of 
information to the local 
community 

None Distribute proportionally to 
all business units based on 
revenue (dollars) 

1 Activity to restore the  
natural environment back  
to its original state 

Labour,  
material 

Volume of contaminated 
ground (m2)
Volume of waste water (m3)

Environmental 
remediation 
activity  
centre 

2 Activity to cover  
degradation suits connected  
with environmental 
conservation 

Labour Volume of waste  
emissions (tons) 

3 Provisions or insurance  
fees to cover degradation  
to the environment 

None Number of incidents (no.) 

aEHSD stands for Environmental, Health and Safety Department. 

4 Case study of a DRAM manufacturer 

4.1 Environmental management of the company 

XYZ Company, founded at the Hsinchu Science Park in December 1994, is a well-known 
DRAM manufacturer in the world and the largest domestic computer memory company 
in Taiwan. The company focuses primarily on DRAM products for standard memory 
applications and foundry service products. The manufacturing process of DRAM is 
complicated and intricate. It must take place in a dust-free environment. After the front-
end process of photolithography, diffusion, implantation and etching, each individual 
chip of the wafer is then tested and packaged to become the final IC product. 

The semiconductor industry is highly polluted. With rapid growth in the electronics 
and computer sectors, environmental and health issues associated with semiconductor 
manufacturing are growing in significance. Hence, XYZ Company has continued to work 
towards resource recycling and pollution prevention since last year. The wafer fabrication 
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process generates gaseous, liquid and solid chemical wastes. Typically, gaseous wastes 
consist of nitrogen hydride, acid vapour, volatile organic compound and certain minor 
toxic gases. Typically, liquid wastes consist of acidic or alkaline liquid water, hydrogen 
fluoride and other waste water. Typically, solid wastes consist of calcium fluoride sludge, 
resulting from the treatment of certain liquid wastes, scraps and certain non-toxic 
industrial wastes. In the air pollution management, XYZ Company has completed the 
construction of an acid and volatile organic exhausting backup prevention equipment to 
minimise the environmental impact from malfunctioning of the pollution prevention 
equipment. Gaseous wastes are treated in scrubbers before they are discharged into the 
open air. XYZ Company neutralises acidic or alkaline liquid wastes and treats other types 
of liquid wastes by precipitation before releasing the treated water into the central liquid 
waste treatment plant operated by the Hsinchu Science Park Administration for final 
treatment. In the area of energy and resource conservation, XYZ Company has been 
continuously improving the efficiency of power usage as well as maintaining the ratio of 
recycled water above 85%. In the area of waste management, XYZ Company has 
improved and increased not only the quantity and varieties of recycled wastes, but also 
recycled solvents and calcium fluoride sludge discharged from the factory for reuse by 
the cement industry. On the other hand, the company has retained waste disposal 
contractors, which have been licensed by the Hsinchu Municipal Environment Protection 
Agency, for collecting, removing and storing the solid wastes. 

XYZ Company is subject to a variety of regulations, relating to the usage, storage, 
discharge and disposal of chemicals and gases used in manufacturing process by the 
Hsinchu Science Park Administration, the Hsinchu municipal environmental protection 
administrative agency, as well as the national environmental protection agency. From 
time-to-time, the Hsinchu municipal environmental protection administrative agency 
conducts unannounced random inspections at the fabrication facility to monitor 
compliance with the applicable environmental protection laws and regulations. To ensure 
compliance with the applicable environmental protection laws and regulations, XYZ 
Company regularly monitors and inspects discharged wastes and audits the performance 
of waste treatment both for the manufactories and contractors. XYZ Company has not 
suffered material environmental claims in the past and has been certified as ISO 14001 
compliant. Acknowledging the company’s responsibility towards overall environmental 
maintenance and maintaining a harmonious relationship with the local community, the 
quality of water discharged, exhaust, surrounding air quality and noise levels are tracked 
and recorded regularly to gain an understanding of the operation’s impact on the 
surrounding environment. 

XYZ Company has received several awards from the Taiwan government for the 
excellent performance in the environmental protection. In October 1998, its 
environmental protection management system was certified to meet the ISO 14001 
environmental protection standard, which was recertified in October 2004 per ISO 
regulations. To achieve appropriate environmental health and safety management, XYZ 
Company established the environmental health and safety management system in 2002 
and obtained the OHSAS 18001 certification in the same year. XYZ Company has 
adopted adequate antipollution measures for the effective maintenance of environmental 
protection standards that are consistent with the practice of the semiconductor industry in 
Taiwan. XYZ Company is also in compliance in all material respects with applicable 
environmental laws and regulations. 
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4.2 Establishment of the ECA system 

Pursuing the policy of sustainable management to raise the company’s competitive edge, 
XYZ Company has started to collect, comprehend information and gather data related to 
ECA system since 2002. However, the company could not grasp an in-depth 
understanding of the situation, especially for the environmental protection-related costs 
incurred by on-site departments because these costs could not be systematically 
categorised to perform statistical analyses. 

Fortunately, the Ministry of Economic Affairs Industrial Development Bureau (IDB) 
provided with the technical and financial support in 2003. Based on the guidance of the 
structure of ‘ECA system’, provided by IDB, XYZ Company initiated in-plant 
accounting information system programmes in 2004, completed functional modifications 
in August, proceeded with on-line training and operated the system in October officially. 
The ECA system combines current cost accounting systems, and uses pattern comparison 
and an internal coding method to calculate XYZ Company’s invested costs and 
expenditures on the environmental protection. This helps the company conduct overall 
evaluations for the environmental benefit and carry out decision-making analyses. Unlike 
the general ECA system, the ECA system not only includes costs of environmental 
pollution prevention and control activity but also comprises costs of safety, sanitation and 
fire prevention. Thus, it presents sufficient and detailed information. Because Taiwan’s 
Environmental Protection Administration (TEPA) provided guideline of Japanese version 
to many industries, XYZ Company, as well as 31 companies in Taiwan, has successfully 
built environmental accounting system to categorise environmental costs by applying 
Japanese version till now. But external environmental cost is difficult to estimate, the 
company dose not internalise it yet. 

4.3 Integrating ABC and ECA systems 

Currently, XYZ Company has established the ECA system, but the company has not 
allocated environmental costs through the ABC system to each product yet. This is a 
crucial problem because incorrect cost allocation can distort corporate decision-making. 
It may be appropriate for an ABC system to be adopted as in the process it could turn 
many manufacturing overhead costs related to the environment into direct costs.  

In this case, we review XYZ Company’s 2004 year-end financial report and corporate 
environmental report, supporting documentation and cost driver survey, and consult with 
managers and staff at Environmental, Health and Safety Department. Details of this study 
are confined to the fiscal year 2004. The company produces seven products (except 
foundry service products) of product P, Q, R, S and others (that combine three products 
because of low-volume). In its traditional cost accounting system, overhead costs are 
allocated to each product using machine hours. Because product P, Q, R, S and others 
consume various machine resources, environmental costs are allocated by the percentage 
of consumptions. Nevertheless, in the new ABC system, we identify five activities 
centres, namely the pollution prevention centre, the resource recycling centre, the 
administration centre, the R&D centre and the social centre. Each activity centre is 
composed of related activities. In the first stage, environmental costs are assigned by 
resource drivers to activities which are classified into the five activities centres. Then, in 
the second stage, the five activity centre costs are distributed to the five products by 
activity volume consumed. Figure 1 shows the detailed environmental cost assignment 
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view of the ABC system. It includes activity centres, main activity contents, activity 
drivers and cost objects. The activities for preventing air pollution vary with the volume 
of waste emission by each of these products. The activities for monitoring environmental 
impact vary with the number of internal audit by each of these products, and so forth. All 
of those activities are categorised into the five activities centres based on their 
functionalities. 

Figure 1 ABC system for environmental costs 

We obtain Table 2 after applying seven-step procedures mentioned in previous section. 
Because the company has not implemented the ABC system, this table is derived from its 
existing data assuming the ABC system is used and these numbers are slightly adjusted to 
protect the company confidentiality. Table 2 shows the analysis for activities and the 
assignment of activities for products by activity drivers. Resource costs are traced to 
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activities as shown in column (1) of this table. Columns (2)–(8) present a detail about 
how activities are allocated to each product by activity drivers. For example, the first line 
indicates how environmental costs of each of those activities are assigned to the five cost 
objects, based on the quantity of kilograms of waste emission by each in proportion to 
total emissions. The volume of waste emissions is 6,917 kg. The driver is executed to 
trace the air pollution prevention activity to the five products separately, and 5,395.26, 
207.51, 276.68, 415.02 and 622.53 kg of waste emissions are assigning, respectively. As 
shown in Columns (9)–(13), NT$2,072,538 of the cost of the air pollution prevention is 
assigned to product P, NT$79,713 to product Q, NT$106,284 to product R, NT$159,426 
to product S and NT$239,139 to other products. The environmental cost for each 
individual activity is assigned to the cost objects in the same manner. Finally, adding all 
allocated activity costs in each product, we can get the total activity costs. By following 
these steps for all of the environmental activities, the total cost for each activity centre 
can be determined for each cost object.  

4.4 Discussion 

The importance of implementing the ABC system to allocate costs to products has 
illustrated in Table 2, which presents the environmental costs for the XYZ Company, 
using the traditional cost accounting system based on the single cost driver machine hour 
method and the ABC system based on several more accurate activities and cost drivers. 
For the traditional cost accounting method, the environmental costs for product P, Q, R, S 
and others are NT$24,366,867, NT$1,001,378, NT$1,184,964, NT$1,610,550 and 
NT$91,793, respectively. Product P, with machine hours as an allocation base (cost 
driver), receives more overhead costs than under the ABC system. Conversely, Product 
Q, R, S and others are allocated fewer overhead costs by using machine hours as the 
allocation base (cost driver).  

It is worth noting that the areas where the improvement is needed can be identified 
through the categorisation of activities as ‘value-added’ or ‘non-value-added’. The 
designation ‘non-value-added’ reflects a belief that the activity can be redesigned, 
reduced or eliminated without reducing the quantity, responsiveness or quality of the 
output required by the customer or the organisation. The attribute ‘value-added’ reflects a 
belief that the activity cannot be eliminated without reducing the quantity, responsiveness 
or quality of output required by a customer or organisation (Beheshti, 2004). For the non-
value-added activities such as pollution control activity and environmental compliance, 
improvement initiatives should be directed towards eliminating or minimising the 
activities. For the valued-added activities such as pollution prevention activity, 
improvement initiatives should be directed towards streamlining, improving what is 
being done and optimising performance (Miller, 1996). This paper defines the disposal 
general industrial waste, disposal hazardous industrial waste and monitor environmental 
impact as the non-value-added activities. The proportion of the three activities is 12.85% 
($3,631,160/$28,255,552) of total environmental costs, which provides opportunities for 
improvement. The proportion of disposal general and hazardous industrial waste is 
11.93% ($3,370,000/$28,255,552) of total environmental costs, which provides 
improvable opportunities for minimising wastes. 
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Table 2 Comparing ABC with traditional cost accounting 
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Table 2 Comparing ABC with traditional cost accounting (continued) 
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Table 2 Comparing ABC with traditional cost accounting (continued) 
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As above, environmental costs related to certain products can cause the traditional cost 
accounting allocation method of machine hours to produce faulty product costs. This 
might, however, be an incorrect way to allocate some typical environment-related costs. 
An instance can be hazardous waste disposal costs, which might be high for one product 
that uses hazardous materials and low for the other that applies fewer hazardous 
materials. In this case, the allocation of hazardous waste disposal costs on the basis of 
machine hours would be inaccurate. If managers depend on the wrong product cost 
information to make product pricing and other decisions, it will reduce the company’s 
green competitiveness. In fact, product-specific environmental costs for many companies 
may require the employment of the ABC system. Although, the ABC system does not 
warrant that environmental costs are correctly attributed to products – estimation and 
approximation by nature, it is more accurate than the traditional method. 

Therefore, the link between ABC and ECA systems will be exploited as the base for a 
quantitative evaluation of the cost effectiveness of tasks for managing environment. The 
results will enable managers to understand the financial information regarding  
the activities for environmental protection and the percentage of environmental costs in 
the overall product costs. Furthermore, managers can use the information as bases for 
making more objective decisions. As a result of this case study, the company’s managers 
have understood it is beneficial and important to integrate ABC and ECA systems, but 
currently there is no budget and manpower for this project. Effective implementation of 
the ABC system is often linked to behavioural rather than technical factors (Shields, 
1995). In the future, if the company has adequate resources for implementing this 
integrating ABC–ECA system, it is necessary to gain employees’ support and reduce 
their resistance. 

5 Conclusions 

ABC is a promising approach to remedy the ‘black box’ nature of overheads (Bartolomeo 
et al., 2000). This paper shows how the traditional cost accounting method produces 
inaccurate costs and that the ABC system is more practical and suitable for the allocation 
of environmental costs. The major contribution of this paper is to help managers 
understand how to allocate environmental costs to each product more accurately through 
appropriate cost drivers. 

ABC technique can provide the means to identify cost bearing activities effectively 
and to allocate costs to individual products on a fairer basis. Costs are allocated to 
products on the basis of the individual’s demand for activities. If costs are not allocated to 
appropriate cost objects, company managers may make wrong resource allocation, 
product-mix and product-pricing decisions. In addition, the ABC system allocates 
activities among unit-, batch-, product- and facility-level activity. Environmental 
expenditures can occur in any of these levels and life cycles. The consideration of all 
costs of life cycle, from the introduction phases to product maturity, that is, its cradle to 
grave, can allow for the development of better designing methods, production 
methodologies, marketing strategies and disposal options. Environmental costs are 
presented at every level of the life cycle. If they are not taken into account and allocated 
per activity, they will result in wrong costing of products. The ABC system can provide 
management with accurate product cost information and therefore, a realistic 
understanding of profitability is delivered. Relevant product cost information permits 
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management accountants to identify the costs associated with non-value-added activities. 
Furthermore, by identifying potential contingent environmental liabilities, management 
accountants can work along with engineers, environmental consultants, engineers, 
lawyers and others who have relevant information to evaluate the profitability of 
competing products. Therefore, the combination of ABC and ECA systems will result in 
a more accurate product cost than the traditional cost accounting methods. 

Exercises in ‘green accounting’ are seen as being part of the construction of 
indicators of sustainability (Simon, 2000). Therefore, to achieve the goal of sustainable 
development, companies need to incorporate environmental impacts and costs into  
the product costing and pricing by integrating ABC and ECA systems. With the 
implementation of the ABC system, the causes of environmental costs are better 
understood, compared with the traditional cost accounting method. It would be 
recommended that company managers establish the ECA system and allocate 
environmental costs through the ABC system to products, services and customers to 
achieve green competitiveness. 

Some ERP surveys indicate that many companies have adopted ERP systems to 
improve their competitiveness, to speed up responses to change, to improve financial 
management and to simplify access and retrieval of information for strategic planning 
and operational control (Hsu et al., 2008; Tsai et al., 2007b). Under ERP systems, real-
time and integrated information for the activity-based environmental cost analysis can be 
easily obtained. 

6 Limitation 

There is at least one limitation to this study, which is worth mentioning. We do not 
incorporate future costs such as contingent liability costs. However, environmental claims 
against to, or the company failure to comply with current or future regulations could 
result in the assessment of damages, imposition of fines against the company, suspension 
of production or cessation of operations. Any failure to control the use of, or adequately 
restrict the discharge of, hazardous substances could subject the company to future 
liabilities. This study does not estimate these environmental liabilities. Future research 
should incorporate environmental liabilities into the activity-based environmental cost 
analysis. 

References 
Armstrong, P. (2002) ‘The costs of activity-based management’, Accounting, Organizations and

Society, Vol. 27, Nos. 1–2, pp.99–120. 
Askarany, D., Smith, M. and Yazdifar, H. (2007) ‘Attributes of innovation and the implementation 

of managerial tools: an activity-based management technique’, Int. J. Business and System 
Research, Vol. 1, No. 1, pp.98–114. 

Bartolomeo, M., Bennett, M., Bouma, J.J., Heydkamp, P., James, P. and Wolters, T. (2000) 
‘Environmental management accounting in Europe: current practice and future potential’,
European Accounting Review, Vol. 9, No. 1, pp.31–52. 

Beer, P.D. and Friend, F. (2006) ‘Environmental accounting: a management tool for enhancing 
corporate environmental and economic performance’, Ecological Economics, Vol. 58, No. 3, 
pp.548–560. 



      

      

   206 W-H. Tsai, T.W. Lin and W-C. Chou    

      

      

      

Beheshti, H.M. (2004) ‘Gaining and sustaining competitive advantage with activity based cost 
management system’, Industrial Management and Data Systems, Vol. 104, No. 5,  
pp.377–383. 

Ben-Arieh, D. and Qian, L. (2003) ‘Activity-based cost management for design and development 
stage’, Int. J. Production Economics, Vol. 83, No. 2, pp.169–183. 

Bennett, M. and James, P. (1997) ‘Environment-related management accounting: current practice 
and future trends’, Greener Management International, Vol. 17, pp.32–51. 

Bennett, M and James, P. (1998) The Green Bottom Line – Environmental Accounting for 
Management: Current Practice and Future Trends. Sheffield: Greenleaf Publishing. 

Brooks, P.L., Davidson, L.J. and Palamides, J.H. (1993) ‘Environmental compliance: you better 
know your ABCs’, Occupational Hazards, Vol. 55, No. 2, pp.1–46. 

Burritt, R.L. (1997) ‘Corporate environmental performance indicators: cost allocation-boon or 
bane?’ Greener Management International, Vol. 17, pp.89–100. 

Cooper, R. (1990) ‘Cost classification in unit-based and activity-based manufacturing cost 
systems’, Journal of Cost Management, Vol. 4, No. 3, pp.4–14. 

Cooper, R. and Kaplan, R.S. (1988) ‘Measure costs right: make the right decisions’, Harvard 
Business Review, Vol. 66, No. 5, pp.96–97. 

Ditz, D., Ranganathan, J. and Banks, R.D. (1995) Green Ledgers: Case Studies in Corporate 
Environmental Accounting. Washington, DC: World Resources Institute. 

ECOLIFE II (2003) Environmental Information Guidelines, Available at: http://www.ihrt.tuwien. 
ac.at/sat/base/EcolifeII/ECOLIFE%20II%20D9%20Final.pdf. Accessed on 18 March 2006. 

Ellis-Newman, J. and Robinson, P. (1998) ‘The cost of library services: activity-based costing in an 
Australian academic library’, The Journal of Academic Librarianship, Vol. 24, No. 5,  
pp.373–379. 

Emblemsvåg, J. (2000) ABC, Available at: http://www.emblemsvag.com/abc.htm. Accessed on 8 
October 2008. 

Emmanuel, C., Otley, D. and Merchant, K. (1990) Accounting for Management Control. London: 
Chapman & Hall.  

Fichman, R.G. and Kemerer, C.F. (2002) ‘Activity based costing for component-based software 
development’, Information Technology and Management, Vol. 3, Nos. 1–2, pp.137–160. 

Gale, R.J.P. and Stokoe, P.K. (2001) ‘Environmental cost accounting and business strategy’,  
In C.N. Madu (Ed.), Handbook of Environmentally Conscious Manufacturing. Norwell, MA: 
Kluwer Academic, pp.119–136. 

Goebel, D.J., Marshall, G.W. and Locander, W.B. (1998) ‘Activity-based costing: accounting for a 
market orientation’, Industrial Marketing Management, Vol. 27, No. 6, pp.497–510. 

Gupta, M. and Galloway, K. (2003) ‘Activity-based costing/management and its implications for 
operations management’, Technovation, Vol. 23, No. 2, pp.131–138. 

Hsu, L-L., Lin, P-C., Ho, C-T. and Pan, J-R. (2008) ‘Factors that impact on the acceptance and 
performance of ERP system: multiple case studies in Taiwan’, Int. J. Business and Systems 
Research, Vol. 2, No. 1, pp.16–33. 

Innes, J., Mitchell, F. and Sinclair, D. (2000) ‘Activity-based costing in the UK’s largest 
companies: a comparison of 1994 and 1999 survey results’, Management Accounting 
Research, Vol. 11, No. 3, pp.349–362. 

Jasch, C. (2003) ‘The use of environmental management accounting for identifying environmental 
costs’, Journal of Cleaner Production, Vol. 11, No. 6, pp.667–676. 

Jasch, C. and Savage, D.E. (2005) International Guidance Document on Environmental 
Management Accounting (EMA). New York: International Federation of Accountants, IFAC. 
Available at: http://www.ioew.at/ioew/en_ioew-set.html. Accessed on 18 April 2006. 

JMOE (Japan’s Ministry of the Environment) (2005) Environmental Accounting Guidelines 2005,
Available at: http://www.env.go.jp/en/ssee/press/2005/0215a.html. Accessed on 6 May 2006. 



      

      

   Integrating ABC and ECA systems 207    

      

      

      

Jones, T.C. and Dugdale, D. (2002) ‘The ABC bandwagon and the juggernaut of modernity’, 
Accounting, Organizations and Society, Vol. 27, Nos. 1–2, pp.121–163. 

KMOE (Korea’s Ministry of the Environment) (2003) Guidelines for Environmental Cost 
Accounting, Available at: http://www.ef21.co.kr/english/2sub1_03.htm. Accessed on 8 
October 2008. 

Kreuze, J.G. and Newell, G.E. (1994) ‘ABC and life-cycle costing for environmental expenditures: 
the combination gives companies a more accurate snapshot’, Management Accounting,
Vol. 75, No. 8, pp.38–42. 

Lyne, S. and Friedman, A. (1996) ‘Activity-based techniques and the new management 
accountant’, Management Accounting, Vol. 74, No. 7, pp.34–35. 

Major, M. and Hopper, T. (2005) ‘Managers divided: implementing ABC in a Portuguese 
telecommunications company’, Management Accounting Research, Vol. 16, No. 2,  
pp.205–209.

Malmi, T. (1997) ‘Towards explaining activity-based costing failure: accounting and control in a 
decentralized organization’, Management Accounting Research, Vol. 8, No. 4, pp.459–480.

Miller, J.A. (1996) Implementing Activity-Based Management in Daily Operations. New York: 
John Wiley & Sons.  

NEWMOA (Northeast Waste Management Officials' Association) (1998) Strategic and Financial 
Assessment of Pollution Prevention Investments, Training Manual, Available at: http://www. 
newmoa.org/publications/competitive.pdf. Accessed on 8 October 2008. 

Noone, B. and Griffin, P. (1999) ‘Managing the long-term profit yield from market segments in a 
hotel environment: a case study on the implementation of customer profitability analysis’,  
Int. J. Hospitality Management, Vol. 18, No. 2, pp.111–128. 

Parker, L.D. (2000) ‘Environmental costing: a path to implementation’, Australian Accounting 
Review, Vol. 10, No. 3, pp.43–51. 

Quarles, R. (1995) How Much Does it Really Cost to Be Green? The Need for an Environmental 
Cost Classification System, Available at: http://handle.dtic.mil/100.2/ADA308462. Accessed 
on 20 March 2006. 

Quarles, R. and Stratton, A. (1998) ‘A case study using ABC to quantify environmental costs in 
plant operations’, Journal of Cost Management, Vol. 12, No. 5, pp.23–32.

Raz, T. and Elnathan, D. (1999) ‘Activity based costing for projects’, Int. J. Project Management,
Vol. 17, No. 1, pp. 61–67. 

Rogers, G. and Kristof, J. (2003) ‘Reducing operational and product costing through environmental 
management accounting’, Environmental Quality Management, Vol. 12, No. 3, pp.17–42. 

Schaltegger, S. and Müller, K. (1997) ‘Calculating the true profitability of pollution prevention’, 
Greener Management International, Vol. 17, pp.53–68. 

Senthil, K.D., Ong, S.K., Tan, R.B.H. and Nee, A.Y.C. (2003) ‘A proposed tool to integrate 
environmental and economical assessments of products’, Environmental Impact Assessment 
Review, Vol. 23, No. 1, pp.51–72. 

SETAC (Society of Environmental Toxicology and Chemistry) (1991) A Technical Framework for 
Life Cycle Assessment. Washington, DC: Society for Environmental Toxicology and 
Chemistry. 

Shields, M.D. (1995) ‘An empirical analysis of firms’ implementation experiences with activity-
based costing’, Journal of Management Accounting Research, Vol. 7, No. 1, pp.148–165. 

Simon, S. (2000) ‘An accounting representation of sustainable agriculture practices: the case of a 
biogas agriculture unit in Sichuan’, Sustainable Development, Vol. 8, No. 2, pp.106–120. 

Stuart, J.A., Turbini, L.J. and Ammons, J.C. (1996) ‘The implications of activity based 
environmental impact allocation’, Proceedings of the 1996 IEEE International Symposium on 
Electronics and the Environment, Dallas, TX: The Institute of Electrical and Electronics 
Engineers (IEEE), pp.185–190. 



      

      

   208 W-H. Tsai, T.W. Lin and W-C. Chou    

      

      

      

Tsai, W-H. (1994) ‘Product-mix decision model under activity-based costing’, Proceedings of 1994 
Japan-USA Symposium on Flexible Automation, Kobe, Japan: Institute of systems, Control 
and Information Engineers, pp.87–90. 

Tsai, W-H. (1996a) ‘A technical note on using work sampling to estimate the effort on activities 
under activity-based costing’, Int. J. Production Economics, Vol. 43, No. 1, pp.11–16. 

Tsai, W-H. (1996b) ‘Activity-based costing model for joint products’, Computers and Industrial 
Engineering, Vol. 31, No. 3, pp.725–729. 

Tsai, W-H. (1998) ‘Quality cost measurement under Activity-based costing’, Int. J. Quality and 
Reliability Management, Vol. 15, No. 7, pp.719–752. 

Tsai, W-H., Hsu, J-L. and Chen, C-H. (2007a) ‘Integrating activity-based costing and revenue 
management approaches to analyse the remanufacturing outsourcing decision with qualitative 
factors’, Int. J. Revenue Management, Vol. 1, No. 4, pp.367–387. 

Tsai, W-H. and Hung, S-J. (2009a) ‘A fuzzy goal programming approach for green supply chain 
optimisation under activity-based costing and performance evaluation with a value-chain 
structure’, Int. J. Production Research, Vol.47, No.18, pp.4991–5017.

Tsai, W-H. and Hung, S.-J. (2009b) ‘Treatment and recycling system optimisation with activity-
based costing in WEEE reverse logistics management: an environmental supply chain 
perspective’, Int. J. Production Research, Vol.47, No.19, pp.5391–5420. 

Tsai, W-H., Lai, C-W., Tseng, L-J. and Chou, W-C. (2008) ‘Embedding management discretionary 
power into an ABC model for a joint products mix decision’, Int. J. Production Economics,
Vol. 115, No. 1, pp.210–220. 

Tsai, W-H., Lin, T.W., Chen, S-P. and Hung, S-J. (2007b) ‘Users’ service quality satisfaction and 
performance improvement of ERP consultant selections’, Int. J. Business and System 
Research, Vol. 1, No. 3, pp.280–301. 

Turney, P.B.B. (2005) Common cents: The ABC Performance Breakthrough — How to Succeed 
with Activity-Based Costing, revised edition. New York: McGraw-Hill. 

US EPA (United States Environmental Protection Agency) (1995a) An Introduction to 
Environmental Accounting as a Management Tool: Key Concepts and Terms, Available at: 
http://www.epa.gov/oppt/acctg/pubs/busmgt.pdf. Accessed on 6 March 2006. 

US EPA (1995b) Environmental Accounting Case Studies: Green Accounting at AT&T, Available 
at: http://www.epa.gov/opptintr/acctg/pubs/greenac.pdf. Accessed on 6 March 2006. 

White, A. and Savage, D. (1995) ‘Budgeting for environmental projects: a survey’, Management 
Accounting, Vol. 77, No. 4, pp.48–54. 

White, A., Savage, D., Brody, J., Cavanader, D. and Lach, L. (1995) Environmental Cost 
Accounting for Capital Budgeting: A Benchmark Survey of Management Accountants. Boston, 
MA: Tellus Institute. 

Yakhou, M. and Dorweiler, V.P. (2004) ‘Environmental accounting: an essential component of 
business strategy’, Business Strategy and the Environment, Vol. 13, No. 2, pp.65–77. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


