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ABSTRACT 

Author: Mira Leskinen 

Thesis name: Harmonization of Environmental Costs and Investments Reporting 

Year: 2013                   Place: Inkeroinen 

Master’s Thesis. Lappeenranta University of Technology, Industrial Engineering and 

Management. 102 pages, 14 figures, 17 tables and  15 appendices 

Examiners: Professor Timo Kärri and Postdoctoral Researcher Sari Monto 

Keywords: Environmental management accounting, environmental costs and 

investments, environmental costs and investments reporting 

The objective of this Master’s Thesis is to examine the current state of 

environmental costs and investments reporting at Stora Enso in the Business Area 

of Printing and Reading.  Differences and the factors causing the differences in 

environmental costs and investments reporting are examined in order to further 

harmonize the reporting between the mills. Research method is a case study, 

which comprises 11 paper mills. Environmental costs are studied from year 2012 

and environmental investments from year 2011 or from 2012 depending on the 

mill. 

 

The results show that there are two types of differences such as actual and 

harmonisable affecting to environmental costs reporting. Actual differences result 

from factors such as location and technical features of the mill. Harmonisable 

differences represent differences, which distort the actual differences. Factors that 

cause harmonisable differences are identification and traceability of 

environmental costs as well as interpretation of the instructions. Estimation of the 

environmental share of indirect environmental investments causes differences 

between the mills in environmental investments reporting, as it has to be done 

case-by-case judgments.  

 

A further research could consider a detailed examination of the data registering 

process in order to further improve traceability of environmental costs. 

Furthermore, identification and reporting of potential savings could be studied 

from environmental point of view as resource efficiency is an increasing interest. 
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Tämän diplomityön tavoitteena on tutkia nykyistä ympäristökustannusten ja 

investointien raportointia Stora Enson Printing ja Reading liiketoiminta- alueella. 

Tutkimuksessa tarkastellaan ympäristökustannusten ja investointien 

raportoinnissa esiintyviä eroja ja tekijöitä, jotka aiheuttavat eroja tavoitteena 

edelleen harmonisoida raportointia. Tutkimusmenetelmänä on tapaustutkimus. 

Otos koostuu 11 paperitehtaasta ja ympäristökustannukset tutkitaan vuodelta 2012 

ja ympäristöinvestoinnit joko vuodelta 2011 tai 2012 riippuen tehtaasta.  

 

Tulokset osoittavat, että ympäristökustannusten raportoinnissa on kahdenlaisia 

eroja: todellisia ja yhtenäistettävissä olevia.  Todelliset erot johtuvat esimerkiksi 

tehtaan sijainnista ja teknisistä ominaisuuksista. Yhtenäistettävissä olevat erot 

ovat eroja, jotka vääristävät todellisia eroja. Ympäristökustannusten 

tunnistaminen ja jäljitettävyys sekä ohjeiden erilainen tulkita ovat esimerkkejä 

tekijöistä, jotka aiheuttavat yhtenäistettävissä olevia eroja. Ympäristön suojeluun 

kuuluvan osuuden arvioiminen epäsuorista ympäristöinvestoinneista aiheuttaa 

eroja tehtaiden välillä, sillä se täytyy tehdä tapauskohtaisesti.  

 

Jatkotutkimuskohteena voisi olla yksityiskohtaisempi tarkastelu kustannusten 

rekisteröinnistä, jotta ympäristökustannusten jäljitettävyyttä voitaisiin edelleen 

parantaa. Edelleen, potentiaalisten säästöjen tunnistamista ja raportointia 

voitaisiin tutkia ympäristön suojelun näkökulmasta resurssitehokkuuden 

korostamisen myötä. 
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1 INTRODUCTION 

1.1 Background 

 

In general, an increasing interest towards environmental issues has made the 

public more aware for the need for environment protection against pollution and 

waste. (Eurostat 2005, 7) Especially, during the 1990s the pressure to minimize 

the environmental loads from paper and pulp mills increased. The factors 

influencing to this development were among others tighter legislation and better 

understanding of how to control emissions of paper and pulp production. (Dahl 

2008, 10) 

 

Internal and external stakeholders are increasingly interested in the financial as 

well as the physical impacts that a company has on the environment. (Schaltegger 

& Burrit 2000, 35; Staniskis & Stasiskiene 2006, 1253; IFAC 2005, 10) As a 

consequence, environmental reporting has become a significant tool for 

organizations to answer to the stakeholder’s expectations considering 

environment. (Niskala & Mätäsaho 1996, 293) 

 

Different stakeholders require different kind of information. Company managers 

need information on costs, revenues and profits. Environmental protection 

agencies, environmental organizations and municipalities are interested in 

information about the environmental impacts. Tax authorities, shareholders and 

investors are interested in the environmental assets and liabilities. (Staniskis & 

Stasiskiene 2006, 1253) De Villiers and Van Staden (2011, 321-324) deduced 

based on their study that shareholders prefer reporting of environmental issues 

through annual reports or via websites. Their results also showed that shareholders 

prefer mandatory reporting over voluntary reporting, because of the reliability of 

the information. Still, in most countries environmental reporting is voluntary and 

mandatory reporting is done at a rough level. 
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However, there is a consensus that conventional accounting practices do not 

provide sufficient information for environmental management purposes. 

Conventional management accounting does not recognize all the factors 

influencing on the environment well enough. (Burritt 2005, 27; Jasch & Savage 

2008, 321; Lee et al. 2005, 240) Environmental Management Accounting is 

presented to be a solution for better tracing, management and reporting of 

environmental costs inside and outside the organizations. (Jasch & Savage 2008, 

321)  

 

Often environmental management accounting is implemented due to the external 

reporting requirements. However, it has more to offer than cost figures for 

external environmental reports. In general, environmental management accounting 

aims at minimizing wastage of resources, which leads more sustainable use of 

them. Thus, it ensures also the access to these environmental resources in the 

future. (Godschalk 2008, 254)  

 

Furthermore, it has been identified that environment-related costs are increasing 

in many countries in different sectors. (IFAC 2005, 10) With a specific emphasis 

on an efficient resource use and non-product output costs in environmental 

management accounting, organizations can identify potential savings considering 

the environmental costs. (Csutora & de Palma 2008, 144) Thus, the costs of 

wasted resources and waste management are reduced, which also prevents 

overloading the waste management infrastructure. (Godschalk 2008, 254; Jasch 

2003, 668)  



  3 

1.2 Objectives, Research Questions and Limitations 

 

The main objective of this thesis is to examine the current state of environmental 

costs and investments reporting at selected mills of Stora Enso in order to 

discover the differences between the mills. This is done with an aim to further 

harmonize the environmental costs and investments reporting between the mills. 

The differences of the environmental costs and investments reporting are 

identified and the factors causing the differences are examined. The current 

environmental costs and investments reporting guidelines provided by national 

statistical agencies are also studied to understand the differences at country level 

and to support harmonization of the reporting. Research problems of the thesis are 

divided into four research question as follows:  

 

- What are environmental costs and investments and how they are defined? 

- What are the differences in environmental costs and investments reporting 

between the studied paper mills?  

- What are the factors causing the differences in environmental costs and 

investments reporting between the studied paper mills? 

- What has to be done in order to further harmonize the environmental costs 

and investment reporting at the studied paper mills? 

 

The first research question is studied through a literature review in the theoretical 

part of the work, where environmental cost accounting, costs and investments as 

well as reporting of them are discussed. The second and third research questions 

are answered based on the findings from literature and the case study. The fourth 

research question is studied through the findings from the third research question. 

The aim of the fourth research question is to answer, how environmental costs and 

investments reporting at the studied mills could be further harmonized trough 

identified factors causing the differences.  

 

Organizations report their impact on environment disclosing both monetary and 

physical information. However, the empirical part of this study considers only 



  4 

reporting of monetary environmental information and excludes reporting of 

physical environmental information. In addition, provisions and liabilities are 

excluded from the empirical part of the study.  

 

1.3 Research Methods and Data 

 

The research method of the thesis is a case study. The case comprises 11 paper 

mills of Stora Enso, whose differences in environmental costs and investments 

reporting practices are examined. Bryman & Bell (2011, 60) define that basic case 

study design entails a detailed analysis of a single case and it is usually associated 

with a geographical location such an organization or a workplace. A case study 

has a focus on a bounded situation or system and it can have employment of the 

both quantitative and qualitative research. This case study is a qualitative research 

with a descriptive approach. The theoretical part of the thesis is based on a 

concept analysis research approach and it is designed to obtain a comprehensive 

understanding over the topic.  

 

Environmental cost figures were collected from year 2012 and the investments 

from one year 2012 or 2011. The main methods for data gathering were 

questionnaires and workshop observations. Questionnaires were sent to the mills 

and workshops were organized in order to clarify and discuss about the answers to 

the questionnaires. Four groups were formed for the workshops.  

 

The reported cost and investment figures were analyzed by a content analysis in 

order to examine the differences between the mills in scope and accuracy. The 

content analysis in this concept means a detailed examination of the figures in the 

studied mill’s environmental costs and investments reports.  
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1.4 Structure of the Thesis 

 

The thesis structure can be divided into theoretical and empirical parts. The 

theoretical part comprises four chapters 2-5, where previous literature considering 

environmental management accounting, identification of  environmental costs and 

investments as well as environmental reporting are discussed. The purpose of 

these chapters is to provide understanding for further analysis of the differences in 

environmental costs and investments reporting.  

 

The empirical part of the thesis consists of two chapters 6-7. At first, the case 

corporation and the studied paper mills are described as well as the current state of 

environmental costs and investments reporting at the studied mills. Then the 

research design and procedure, results and the analysis of the results as well as the 

conlusions based on the study are decribed.  The structure and the content of the 

thesis is visualized with an input-output chart shown in figure 1. 
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Figure 1. The structure of the thesis. 
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2 ENVIRONMENTAL ACCOUNTING 

2.1 Environmental Accounting 

 

According to the Internal Federation of Accountants (IFAC 2005, 13) 

environmental accounting (EA) is a broad term that can be used in different kinds 

of contexts. These contexts can be related to: 

 

- Assessment and disclosure of environment related financial information in 

the context of financial accounting and reporting 

- Assessment and use of environmental physical and monetary information 

in the context of Environmental Management Accounting (EMA) 

- Estimation of external environmental impacts and costs, often called as 

Full Cost Accounting (FCA) 

- Accounting for stocks and flows of natural resources in both physical and 

monetary terms, which is known as Natural Resource Accounting (NRA) 

- Aggregation and reporting of organization level information, natural 

resource information and other information for national accounting 

purposes  

- Consideration of environment related physical and monetary information 

in the broader context and as part of sustainability accounting   

 

As it can be seen from the presented previous definition of environmental 

accounting, its meaning varies from internal accounting information purposes to 

external. Also, environmental accounting is seen to combine both accounting in 

physical and monetary terms.  

 

The United States Environmental Protection Agency, EPA (1995, 4) has seen 

environmental accounting as an umbrella term, which arise from three distinct 

contexts. These contexts are national income accounting, financial accounting and 

management accounting. The focus varies from a nation to a firm. The audience is 
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external in national income accounting and in financial accounting, while it is 

internal in the case of management accounting.  

 

Pohjola (2003, 111) has also stated that environmental accounting combines 

national, financial and managerial perspectives, which are affected by 

environmental management systems. She has presented a framework for 

environmental accounting and the components related to it. Figure 2 shows the 

framework.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Components of environmental accounting. (Pohjola 2003, 111) 
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From figure 2 and presented definitions of IFAC and EPA can be seen that 

environmental accounting is a concept that can be related to various terms. 

Factors that have generated environmental accounting are environmental 

economics and sustainable development. Environmental economics examines 

environmental issues is in an economic point of view (Pohjola 2003, 114). 

Sustainable development was defined by the Brundtland Commission and 

according to the commission sustainable development is seen as use of natural 

resources taking into account the balance of raw material, energy sources and all 

other material available from the nature as well as the people’s equality and the 

rights of future generations (UN 1987, 15; Pohjola 2003, 115). 

 

Environmental Business Accounting includes both Environmental Performance 

Assessment and Environmental Cost Accounting. Tools that can be used for 

environmental performance assessment of products, systems and services are 

Environmental Impact Assessment and Life Cycle Assessment. Environmental 

Cost Accounting is seen as corporate environmental accounting, which combines 

Full Cost and Total Cost Environmental Accounting. (Pohjola 2003, 117)  

 

Full Cost Environmental Accounting in management accounting means tracing 

direct costs and allocating indirect costs to a cost object highlighting the 

environmental elements. Total Cost Environmental Accounting or more widely 

used Total Cost Environmental Assessment represents the process of integrating 

environmental costs into a capital budgeting analysis. (EPA 1995, 31) Total Cost 

Assessment (TCA) method is seen to be designed to assist the cost comparison of 

pollution prevention alternatives to the state-of art in industry and it includes 

following hierarchy of costs: usual, hidden, liability and less tangible costs. 

(Minato 2011, 206) 

 

True Cost Accounting means accounting for all the environment, health and social 

related costs of an organization. This is a wide concept and based on rough 

estimation of cost figures, whereupon it is suggested, that organizations should 
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rather use term Environmental Impact Assessment. (Pohjola 2003, 118) True Cost 

Accounting is also used as a synonym for Full Cost accounting. (EPA 1995, 32) 

 

Legislative costs mean costs that are not induced by the operations of the 

organization, but required by the authorities. An example of legislative cost could 

be environmental permit or license fee. Internal environmental costs include all 

the costs that are induced by the operations of the company causing environmental 

loads into air, water or soil and they also include cost from environmental 

investments. Environmental Risks and Liabilities are defined by the calculations 

of environmental loads and impacts assessments.   (Pohjola 2003, 118) However, 

Pohjola’s statement of legislative costs is not unambiguous, while some of the 

changes in the processes may have been implemented due to the requirements of 

the authorities that are based on the national legislation. Thus, the operations have 

caused the legislative costs. As a result, legislative costs can be seen as internal or 

external environmental costs varying from the point of view.    

 

In spite of all the various concepts relating to environmental accounting, this 

thesis focuses especially on environmental accounting from a corporate point of 

view. Environmental accounting is seen as a concept comprising environment 

related financial and management accounting, which includes costs from 

operative actions as well as investments. However, environmental management 

accounting is more widely used concept and it is able to answer also to the 

requirements of the environmental financial accounting. As IFAC (2005, 14) has 

stated that organizations can also utilize the information that is collected for 

internal environmental management accounting purposes to fulfill their 

requirements on external reporting in financial reports. Leaning towards this, 

environmental management accounting will be further discussed. 
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2.2 Environmental Management Accounting  

 

United States Environmental Protection Agency (EPA) released its concepts for 

environmental accounting and costs in 1995, which have been widely used in 

organization’s environmental accounting (Pohjola 2003, 110). EPA (1995, 5) 

specifies that Environmental Management Accounting (EMA) is a process of 

identifying, collecting and analyzing information for internal purposes. Figures 

provided by EMA informs decisions such as purchasing, capital   investments, 

product and process design, waste and risk management and environmental 

compliance strategies.  

 

IFAC’s statement Management Accounting Concepts (2005, 19) define that EMA 

stands for managing environmental and economic performance through the 

development and implementation of applicable environment related accounting 

systems and practices. EMA may include reporting and auditing in some 

organizations, but it typically involves life-cycle costing, full-cost accounting, 

benefits assessment and strategic planning for environmental management. 

 

Schaltegger and Burritt (2000, 89) define EMA in narrower sense. They see EMA 

to include only the environmentally induced financial aspects of accounting, 

which support managers to make their decisions and be accountable for outcome 

of the decisions.  

 

On the other hand, United Nations Division for Sustainable Development 

(UNDSD 2001, 1-4) expert working group on EMA highlights both physical and 

monetary sides of EMA. They define EMA broadly to be identification, 

collection, analysis and use of two types of information for internal decision 

making, which are: 

- physical information, on the use and destines of energy, water and 

materials (including wastes) and 

- monetary information, on environment related costs, earnings and savings   
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Correspondingly to UNDSD, Jasch (2006, 1194) states that EMA is management 

accounting (MA) with focus on physical information considering flows of  

energy, water, products and materials as well as monetary information considering 

costs, revenues and projects related to environmental protection. She also 

highlights, that EMA is closely related to process costing, activity-based costing 

and to environmental management systems. Figure 3 depicts EMA in the 

framework of Environmental Accounting. 

 

Figure 3. EMA links to the Environmental accounting. (Burritt 2005, 21) 

 

As it can been seen from the presented concepts, different directions define EMA 

differently and from different points of view. Some of the definitions are 

presented on a fairly general level, while others comment on even accounting 

methods concerning EMA. In addition, EMA is seen only part of internal 

accounting in some definitions, while in the others, it is seen as a strategic tool 

that improves corporate competitiveness. Large spectrum of the definitions for 

EMA demonstrates the newness of the area; there is no established and generally 

accepted concept for it. However, identifying, allocation and controlling of 
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environmental costs are key parts of EMA. Also, another main point in EMA is 

that it includes accounting both in physical and in monetary terms. Accordingly, 

physical and monetary accounting is further discussed in the following sections.  

 

2.3 Physical Accounting 

 

Environmental information systems are based on material flows, which are 

expressed in physical units within a defined system boundary. The system 

boundaries can be on the corporate level but can be also divided into cost center, 

production process and machine or down to product level. (Jasch 2006, 1204)   

 

Physical accounting is based on these material flow balances, which make 

tracking materials and wastes possible. Material flow balance is an equation that 

defines: What goes in must go out or be stored and in principle total weight of 

inputs equals total weight of outputs. Inputs and outputs are expressed in physical 

unit terms of mass (kg ,t), liters (l) or energy (J, kWh). (Jasch 2009, 19; Scavone 

2006, 1278) 

 

Scavone (2006, 1278) highlights also that one main issue considering cleaner 

production and eco-efficiency is that inputs transformation to wastes needs to be 

sufficiently tracked. This requires exact data collection and identification of the 

differences in the input and output quantities. Jasch (2009, 37) and Gale (2006, 

1229) emphasize that the material purchase value of wasted material is a 

significant cost accounting for 40-70% of total environmental costs.  

 

To achieve a complete and integrated picture of materials use, the details of 

materials flows need to be traced through all various steps, such as material 

procurement, delivery, inventory, internal distribution and use, waste collection, 

recycling, treatment as well as disposal. (IFAC 2005, 31) For identifying the 

material flows, input-output chart of accounts can be utilized, which is shown in 

table 1.  
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Table 1.General input-output chart of accounts. (Jasch 2006, 1205) 

INPUT in kg/kWh  

 

OUTPUT in kg  

Raw materials 

 

Product 

Auxiliary materials 

 

By products 

Packaging 

 
Waste 

Operating materials 

 

Municipal waste 

Energy 

 

Recycled waste 

Gas Hazardous waste 

Coal Waste Water 

Fuel Oil Amount 

Other fuels Heavy metals 

District heat COD 

Renewables (Biomass, Wood) BOD 

Solar, Wind, Water Air- Emissions 

Externally produced electricity CO2 

Internally produced electricity CO 

Water NOx 

Municipal water SO2 

Ground water Dust 

Spring water FCKWs, NH4, VOCs 

Rain/ Surface water Ozone depleting substances 

 

In the input side of the table 1, raw and auxiliary materials are material inputs that 

become major part corporate final physical product or by-product and packaging 

materials are used in the shipping of the final products.  Operating materials are 

inputs that an organization purchases and uses, but these are not recognized in the 

physical product that is delivered to a customer such as office supplies and 

equipment cleaning solvents. As operating materials do not become part of the 

physical product they become automatically Non-Product Output (NPO), when 

they leave the organization. Water and energy are presented as separate 

categories, since they are significant from an environmental point of view. In 

addition, water and energy flow information are managed in accounting systems 

differently from other materials flow information. (IFAC 2005, 34-35) 
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In the output side of table 1, products include all physical products and their 

packaging. By-products are products that are produced besides the manufacturing 

of the main product. Jasch (2009, 45) defines a boundary between waste and by-

product so that whatever can be sold and shown as earnings in the accounts can be 

considered as a by-product. Residuals are according to UN (SEEA 2003, 30; Jasch 

2011, 262) the incidental and undesired outputs, which generally have no 

economic value and may be recycled, stored or discharged into the environment. 

Residuals cover solid, liquid and gaseous wastes. 

 

Any output that is not a product or a by-product output is by a definition a Non-

Product Output (NPO) in the form of solid waste, wastewater or air emissions. 

Raw and auxiliary materials and packaging become to certain degree waste and 

emissions. Solid waste can be materials for recycling, such as waste paper, plastic, 

glass and metal and hazardous waste. Hazardous waste is defined by national law 

and it contains infectious, flammable, toxic, carcinogenic and other harmful 

substances.  (Jasch 2009, 46)  

 

Several functions of physical environmental accounting can be distinguished. 

Physical accounting can be utilized for example as a tool to direct and indirect 

control of environmental consequences, as a measure tool for environmental 

measures such as eco-efficiency and as an analytical tool designed to detect 

ecological strengths and weaknesses. It can also provide a neutral and transparent 

base for internal communication and indirectly for external communication.  

(Abiola & Ashamu 2012, 80) 

 

2.4 Monetary Accounting  

 

Similar to the physical data, monetary environmental cost data can be collected 

from an organization, particular sites, input materials, waste streams, processes or 

products lines. All cost categories related to monetary information link to the 

physical accounting information such as raw and auxiliary materials, packaging 
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and operating materials, water and energy besides research and development. 

(Jasch 2009, 75) 

 

For monetary information, environmental expenditure can be gathered from the 

profit and loss statements. The profit and loss statement can be arranged as cost-

categories- oriented format or the operational cost-of-sales format. In the cost-

categories- oriented format all earnings and expenses of a period are listed, while 

in the cost-of-sales format the actual sales of period are compared to those 

expenses, which have been incurred for the manufacture of the products sold. 

(Jasch 2009, 97)  

 

When accounting environmental expenditures in monetary terms the central 

question is valuation. According to the System of Environmental- Economic 

Accounting (SEEA 2012, 32) the values are in principle the current transaction 

values or market prices for the associated goods, services, labor or assets that are 

exchanged.  

 

Monetary accounting is closely related to the categorizing of environmental costs. 

With the cost information managers can manage environmental performance, 

which is associated in economic performance. IFAC (2005, 37) distinguishes four 

general features related to individual environmental cost schemes. The cost 

schemes are tended to use following types of cost categories: 

- categories reflecting the type of environmental activity (control, treatment 

and prevention) 

- categories more representative of traditional accounting (materials, labor) 

- environmental domain categories (water, air) 

- categories reflecting data visibility in the accounting records (obvious 

costs, hidden costs)   

IFAC (2005, 38) has not used the last type of categories in its guidance, since the 

visibility or availability of different types of cost data can vary widely from a 

company to a company. Different classifications of environmental costs will later 
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Activity drivers 

Resources: Labor, 
Capital, Materials  

Treatment of 
waste water 

Byproduct recycle 
processing 

Gathering and 
delivery of wastes 

Pollution 
treatment:Water 

Pollution 
treatment: Waste 

Pollution 
prevention: Waste 

Resource 
drivers 

be more specifically discussed in the chapter 3.2 “Classification of Environmental 

Costs”.  

 

2.5 Other Applications  

 

Activity- Based Costing (ABC) is also presented to be a relevant tool for 

accounting of environmental costs. Tsai et al. (2012, 103) have stated that with 

ABC organizations can uncover the hidden environmental costs from overhead 

accounts. It is also considered as a good alternative for costing pollution 

prevention activities (Scavone 2006, 1279). Figure 4 shows the basic principle of 

ACB accounting for environmental cost assignment.  

 

Figure 4. Environmental Cost Assignment through ABC. (Modified from: Lee et 

al. 2005, 248) 
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From figure 4 can be seen that resources are allocated to activities using resource 

drivers and then to the cost object using activity drivers. Scavone (2006, 1279) 

highlights that when implementing ABC accounting to environmental cost 

accounting, it is crucial to choose the right allocation keys. Five main allocation 

keys are presented as follows:  

- Volume of emissions and waste 

- Toxicity of emission and waste treated 

- Environmental impact added (volume x input/unit of volume) 

- Volume of the emissions treated 

- Relative costs for treating different kinds of emissions. 

 

In addition, all the material losses occurred along the logistic chain such as 

rejects, destruction of expired items and damaged goods should be included. In 

this approach external costs of disposing of waste and fees for freshwater and 

effluent are also considered besides transportation costs of products. (Scavone 

2006, 1279) To obtain all the relevant costs, also those considered as external 

costs for organizations, Lice-Cycle Assessment can be utilized.   

 

For Life-Cycle Assessment (LCA), data from EMA is increasingly used in 

organizations based on ISO 14040 standards (Jasch 2011, 260). The benefits of 

LCA are in achieving significant cost reductions during the operating and disposal 

phases, because of changing processes in the beginning of the project. (Godschalk 

2008, 253) Figure 5 demonstrates the basic principle of LCA.   
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Figure 5. Product Life- Cycle Assessment Scheme. (Jasch 2009, 21) 

 

Organizations can use LCA to find ways of reducing the environmental impact of 

their products and processes.  LCA can be utilized for example in evaluation of 

existing systems, identification of significant environmental impacts and 

opportunities to improve the environmental aspects of products. It can also be 

used for comparing alternative systems and assisting decision making in strategic 

planning, product or process design. (Dahl 2008, 194) 

 

In Europe, there are different kinds of external databases for LCA’s such as 

ecoinvent. In these data bases the quality and comparability of the information is 

more accurate compared to the data of statistical agencies and financial reports. 

Ecoinvent (2013) provides LCA data and services to industry, consultancies, 

public authorities and research institutions.   
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2.6 Challenges considering Environmental Management Accounting 

 

Seethasakko (2010, 322) studied barriers to the development of environmental 

management accounting and came to the result that one barrier is accountants’ 

lack of environmental knowledge and experience. She suggested that accountants 

should also consider non-traditional activities such as production processes and 

waste treatment. Jasch (2003, 669) has also identified similar issue: there is 

insufficient co-operation between environmental manager and accountant. 

Environmental managers tend to have limited access to the actual cost accounting 

documents and controller is unable to separate the environmental part without 

further guidance. 

 

In addition, IFAC (2005, 26) has stated that accounting, environmental and 

technical personnel often use different information systems that are not checked 

for consistency. However, consistency of information systems would be difficult, 

because different information systems use different boundaries for material 

tracking. Also the language differences in the cultures of accounting, 

environmental and technical personnel complicate the co-operation.  

 

Implementation of EMA has a lack of organizational incentives, usually at the 

beginning of the implementation project. Organizations are not sure whether 

disclosing of accounting figures is worthwhile and may consider it as a risk in 

external reporting. However, the result of improvements in the actions for the 

protection of environment can be seen in monetary terms as a decrease in 

environmental costs through activities such as more efficient resource use and 

more energy effective equipment implementations. (Scavone 2006, 1285) 

 

One futuristic challenge considering EMA is that there is no specific route for 

organizations to become aware of it, which makes implementation of it also 

unfeasible. Predominantly, contagion of EMA occurs through various methods, in 

which corporate state of art and potential of new technology affect. Public sector 
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plays a key role in increasing the awareness of EMA among different 

organizations. (Rikhardsson et al. 2005, 14-15) 

 

Environmental accounting and environmental management accounting are 

relatively new concepts, as there are many different kinds of concepts and terms 

related to them. This sets one challenge for academic research as there is no 

established terminology for the area.  
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3 ENVIRONMENTAL COSTS AND INVESTMENTS 

3.1 Environmental Costs 

 

When accounting environmental costs and appraising environmental investments, 

it is important to comprehend, what costs should be included and what excluded.  

As Schaltegger & Burritt (2000, 119) highlight that the most important task in  

tracking and tracing environmental costs is to determine which costs should be 

classified as environmental compared with other costs. Different sources define 

environmental costs in different ways. Definitions for environmental costs are 

listed in the following chapters.  

 

Niskala & Mätäsaho (1996, 71) see environmental costs as costs that are result 

from factors that have an impact on environment. They see that the definition is 

dependent on the purpose that information is intended to use.  

 

Pohjola (2003, 119) perceives that costs related to operations causing direct or 

indirect environmental impacts into air, water systems or soil are environmental 

costs. Investments are also environmental costs, if they improve the organization’s 

environmental performance.  

 

UNDSD (2001, 11) and Jasch (2003, 669) have defined environmental costs to 

comprise internal and external costs related to environmental damage and 

protection. Corporate environmental protection expenditure is seen to include all 

expenditure of a company or its behalf to prevent, reduce, control and document 

environmental aspects, impacts, hazards as well as disposal, treatment, sanitation 

and clean up expenditure. It is also stated that the amount of environmental 

expenditure has no direct connection on the environmental performance of a 

company.   

 

UNDSD and Jasch have defined environmental costs more comprehensively that 

Niskala, Mätäsaho and Pohjola. However, the common feature of the definitions 
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Environmental Protection Expenditure (Waste disposal and emissions treatment, 

environmental management and pollution prevention) 

+ Costs of wasted material (including energy and water) 

+ Costs of wasted capital and labor 

= Total corporate environmental costs 

is that environmental costs are costs resulting from economic activities causing 

environmental impacts.  

 

The total corporate environmental expenditure, which includes also the material 

and production costs of waste, is shown in figure 6. Approach presented in figure 

6 is based on the assumption that all purchased materials must by physical 

necessity leave the company either as product or waste and emissions, which was 

stated also in the context of physical accounting. This approach shows that 

environmental costs are not considered as a separate type of costs, but rather they 

are part of money that flows throughout the organization.  

 

Figure 6. Total corporate environmental expenditure (Jasch 2003, 669; UNDSD 

2001, 12) 

 

In terms of environmental costs, external and internal costs can be distinguished. 

Taxation is seen as a part of trend in environmental protection to transfer external 

cost into corporate internal costs (Tsai et al. 2012, 103).  Jasch (2003, 669) also 

utters that it is governments’ role to apply political instruments such as eco-taxes 

and emission control regulations in order to integrate external costs into corporate 

calculations. These approaches follow the polluter pays principle. Table 2 

illustrates examples of external and internal environmental costs.  
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Table 2. Internal and External Environmental Costs (Gale & Stokoe 2001, 124) 

External 

Environmental Costs 

Internal Environmental Costs 

Examples 

 

Examples of Direct or 

Indirect Costs 

Examples of 

Contingent or 

Intangible Costs 

- Depletion of 

natural resources 

- Noise impacts 

- Residual air and 

water emissions 

- Long term waste 

disposal 

- Uncompensated 

health effects 

- Change in local 

quality of life 

 

 

- Waste 

management 

- Remediation 

costs or 

obligations 

- Permit fees 

- Environmental 

training 

- Environmentally 

driven R&D 

- Maintenance 

- Legal costs and 

fines 

- Environmental 

assurance bonds 

- Environmental 

labeling 

- Natural resource 

inputs 

- Record keeping 

and reporting  

- Future 

remediation or 

compensation 

costs 

- Risk posed by 

future regulatory 

changes 

- Product quality  

- Environmental 

knowledge assets  

- Sustainability of 

raw material 

inputs 

- Risk of impaired 

assets 

- Public/customer 

perception 

 

The presented approach on external and internal environmental costs is a broad 

approach and it represents the entire spectrum of environmental costs that can be 

induced as a result of the production activities. Gale & Stokoe (2001, 123) state 

that organizations are usually less interested in external costs than internal costs, 

unless the external costs lead to liabilities. External costs are internalized through 

political instruments and internal costs are estimated and allocated using standard 

methods of an organization. Contingent or intangible environmental costs may 

arise in the future to impact the operations of the organization. Contingent costs 

can be also external costs. 
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3.2 Classification of Environmental Costs 

 

Environmental cost categories are closely associated with monetary 

environmental accounting, as the categorizing is a method for identifying all the 

relevant environment-related costs. Lee et al. (2005, 243) have suggested an 

activity-based costing approach for categorizing environmental costs. 

Environmental costs would be classified by environmental activities, which 

consume resources meaning environmental costs to minimize environmental 

impact and to maximize eco-efficiency in a certain period of time.  

 

Categories for environmental costs are usually divided through conventional 

accounting principles for example into operative costs and capital costs as well as 

through environmental domains for example into waste water treatment and air 

emissions abatement. Different classifications for environmental costs are shown 

in the following paragraphs. 

 

Classification of Environmental Protection Activities (CEPA 2000) is the 

European standard statistical classification and was designed by United Nations. 

CEPA is used to classify activities, products, expenditure and other transactions, 

whose primary purpose is environmental protection (Eurostat, 2013b). CEPA 

framework is presented in figure 7 and in detail in Appendix 1.  

 

1. Protection Ambient Air and Climate 

2. Wastewater Management 

3. Waste Management 

4. Protection and Remediation of Soil, Groundwater and Surface Water 

5. Noise and Vibration Abatement 

6. Protection of Biodiversity and Landscape 

7. Protection and Radiation 

8. Research and Development 

9. Other Environmental Activities 

 

Figure 7. Classification of Environmental Protection Activities. (CEPA 2000) 
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The Statistical Office of the European Communities (Eurostat, 2013b) has defined 

the use of CEPA for expenditure of environmental protection to consist of outlays 

and other transactions related to: 

- Inputs for environmental protection activities (energy, raw materials and 

other intermediate inputs, wages and salaries, taxes linked to production, 

consumption of fixed capital) 

- Capital formation and the buying of land for environmental protection 

activities  

- User’s outlays for buying environmental protection products and 

- Transfers for environmental protection (subsidies, investment grants, 

international aid, donations, taxes earmarked for environmental protection)  

UNDSD (2001, 19) and Gale (2005, 1230) present five categories for 

environmental costs, which are categorized through eight environmental domains 

affected. The classification is shown in table 3 and in detail in Appendix 2. 

 

Table 3. Classification of environmental costs. (UNDSD 2001, 19; Gale 2005, 

1230)  

Category/ Environmental domains 

A
&

C
 

W
W

 

W
 

S
&

G
W

 

N
&

V
 

B
&

L
 

R
 

O
 

1. Waste and emissions treatment         

2. Prevention and environmental 

management 

        

3. Material purchase value of non-

product output 

        

4. Processing costs of non-product 

output 

        

5. Environmental earnings         
Notes: A&C = Air and Climate, WW= Waste water, W, W=Waste, S&GW= Soil and 

Groundwater, N&V= Noise and Vibration, B&L= Biodiversity and Landscape, R=Radiation, 

O=Other.   

 

By “waste” is generally meant solid waste, waste water and air emissions 

(UNDSD 2001, 27). Waste and emissions treatment activity costs pertain to end-

of-pipe solutions, facilities or end-of-production equipment and it also includes 
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compliance costs for complying with regulations. On the contrary, pollution 

prevention and management activity costs are related to the reduction of 

environmental impact considering production facilities. (Lee et al. 245) 

 

The costs of non-product output includes the purchase value of wastes, the costs 

of processing, handling and warehousing wastes, treatment and disposal. 

(UNDSD 2001, 27) Csutora & de Palma (2008, 146) and Jasch (2009, 4) agree 

that the material purchase- value of non-product output is the overwhelming 

majority of the environmental costs. When calculating the costs for non-product 

output, it is a common practice to consider also the entire value of processing 

costs and material that do not become integral parts of the final product. These 

costs are much higher than the disposal costs but the amount depends on the 

manufacturing company, business area and the location.  

 

Environmental earnings can be gained from sales of by-products, sales of excess 

capacity of waste treatment facilities, subsidies from environmental research 

projects or investment grants for environmental equipment. Environmental 

savings are realized only, when defined system changes, such as reduced material 

consumption in a manufacturing facility. (Jasch 2009, 91) 

 

Lee et al. (2005, 243) have also classified environmental costs into pollution 

treatment and prevention activity costs as presented in the table 3, but added 

separate categories for stakeholder activity costs and environmental compliance 

and remediation activity costs. This kind of classification is shown in detail in 

appendix 4. The stakeholder’s activity costs could be included in the pollution 

prevention or treatment activities and environmental compliance and remediation 

activity costs could be included in pollution treatment activities.  

 

IFAC (2005, 38) and Jasch (2009, 14) have defined more categories shown in 

table 4 and in detail in Appendix 3 than UNDSD and Gale, but the eight 

environmental domains are the same. One significant difference is “Material 

Costs of Product Outputs”.  
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Table 4. Categories for environment-related costs. (IFAC 2005, 38; Jasch 2009, 

14) 

Type of Cost Including 

1. Materials Costs of Product Outputs The purchase costs of natural resources 

such as water and other material that 

are converted into products, by-

products and packaging 

2. Material Costs of Non-Product 

Outputs 

The purchase costs of energy, water 

and other materials that become Non-

Product Output 

3. Waste and Emission Control Costs Costs for handling, treatment and 

disposal of Waste and Emissions; 

remediation and compensation costs 

and control-related regulatory 

compliance costs 

4. Prevention and Other 

Environmental Management Costs 

Costs of preventive environmental 

management activities such as cleaner 

production projects. Costs for other 

environmental management activities 

such as environmental planning and 

systems, environmental measurement, 

environmental communication 

5. Research and Development  Costs for Research and Development 

projects related to environmental issues 

6. Less Tangible Costs Internal and External costs related to 

less tangible issues such as liability, 

future regulations, productivity, 

company image, stakeholder relations 

and externalities 

 

IFAC (2005, 39, 41) justifies the materials costs of product outputs as 

environmental so that the material inputs converted into physical products have 

potential environmental impacts when they leave the manufacturer. In addition, 

the extraction of natural resources disturbs eco-system at the extraction site. This 

kind of cost data also helps managers to see the environmental impact of its 

products related to materials. Accordingly, this way toxic product ingredient could 

be replaced with less-toxic and cost-effective alternative. Non-product outputs 

could be considered as quality costs but they are also environment- related 

because they help organizations to manage the environmental impacts of its waste 

and emissions. IFAC also points out that a few environmental costs may fit into 

more than one of the cost categories. The cost category to be chosen for the cost 



  29 

depends on the level of data detail, the intended use of the information and the 

corporate preference. It should be noticed that environmental costs should not be 

double-counted and included in more than one category. 

 

Environmental costs can be also dived into categories, which are usually related to 

quality costs such as prevention, appraisal internal failure and external failure 

costs. This kind of classification is presented in table 5. Internal failure costs are 

similar to non-product output costs, while external failure costs resemble for some 

part liabilities and provisions (IFAC 2005, 39) 

 

Table 5. Environmental costs categorized as quality costs. (Raiborn et al. 2011, 

431)  

Type of Cost Examples 

1. Prevention cost 

 

 

 

 

 

- Training on environmental issues 

- Environmental protection cost 

- Research and development related to 

environmental issues 

- Recycling and reuse activities 

- Other prevention costs  

2. Appraisal Cost 

 

 

 

 

- Monitoring, inspecting and testing environmental 

protection equipment 

- Environmental compliance employees 

- Environmental protection process verifications 

- Other appraisal costs 

3. Internal Failure 

Cost 

 

 

 

 

- Storing, disposing or treating of waste 

- Cost of insurance related to potential 

environmental hazards  

- Rework costs for products not meeting the 

environmental standards  

- Other internal failure costs 

4. External 

Failure Cost  

 

 

 

 

 

- Recalls for environmentally damaging products 

- Fines, penalties and insurance increases for 

noncompliance with environmental regulations 

- Clean-up of environmental problems 

- Actual legal and litigation costs 

- Land or plant asset impairments caused by 

environmental degradation 

- Crisis management and complaint handling  
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Prevention and appraisal costs can be considered as compliance costs while 

internal and external failure costs can be considered as noncompliance costs. 

Prevention costs are incurred to prevent environmental failures and appraisal costs 

are incurred to monitor and compensate problems that are not eliminated through 

prevention activities. Internal failure costs are induced inside the organization. 

External failure costs are most expensive for the organization, since the failures 

have affected external stakeholders. Some of the external failure costs are 

impossible to measure such as opportunity to lost sales. (Raiborn et al. 2011, 430) 

 

In the classification of environmental costs similar to quality costs, the category of 

pollution treatment costs is divided into separate categories of appraisal costs, 

internal failure costs and external failure costs. If the costs for non-product output 

would be wanted to include to the presented classification in table 5, they could be 

included in the category of internal failure costs. The environment-related external 

failure costs may be difficult to identify from normal external failure costs 

resulting from non-compliant products.  

 

When comparing previously presented different classifications, the classification 

of CEPA in figure 7 does not divide the categories into columns of environmental 

domains as UNDSD, Gale in table 3 and IFAC and Jasch in table 4, but presents 

them included in the main categories. IFAC (2005, 73) has criticized that CEPA is 

insufficient categorization for internal management decision needs, while it does 

not cover material costs of product, material costs of non-product and less 

tangible costs. 

 

According to  Jasch (2011, 264) the IFAC EMA guidance document on cost 

categories shown in table 4 seems to represent widely accepted international 

practice as well as emerging the best practice. The focus of the IFAC EMA 

guidance document is on recording the actual annual environmental costs or 

expenditures.   
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The CEPA classification sees environmental protection as a satellite system from 

other production activities and through environmental domains. CEPA represents 

a classification of environmental costs from an economic point of view and is 

more suitable for economic information needs. The classifications with the non-

product output costs could be considered if an organization defines those costs as 

environmental costs and considers environmental protection as an integrated 

activity. The classification to be chosen and modified in an organization should 

reflect to the information needs of environmental management.  

 

3.3 Challenges considering Environmental Costs  

 

One main challenge considering environmental management accounting has been 

the lack of standard definition for environmental costs. Organizations define 

environmental costs differently depending on the use of information as well as on 

the scale and scope of the intention. In addition, it is not always clear whether a 

cost is environmental or not, because some costs can be classified as partly 

environmental (Becerra et al. 2011, 7; Jasch 2003, 669).  

 

Due to various interests, environmental costs may include costs from disposal and 

investments to external costs. In addition, most of the environmental costs are not 

usually traced to the causing processes and products but assigned in general 

overhead. Costs are also often aggregated with other costs because of 

measurement issues. (UNDSD 2001, 7; Raiborn et al. 2011, 425)  

 

Staniskis & Stasiskiene (2006, 1253) have stated also that the reported 

environmental costs usually represent obvious and most easily measured costs. 

These costs may be only the tip of the iceberg and finding the hidden 

environmental costs is a potential way for improving overall efficiency.  

 

Jasch (2009, 3) see that the definition of the “environmental” related to 

environmental cost accounting is also often problematic.  She justifies the 

argument so that if a solution for cleaner technologies is an end-of-pipe treatment, 
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it is usually seen as 100% for the environment. Although the end-of-pipe 

treatment does not solve the problem at source, but shifts it to another 

environmental point. One example of this could be that dust filters reduce 

emissions to air by capturing components, which are derived from some 

operation. In a way these approaches are inefficient and costly if the problem 

could be solved by finding a solution to the source of emission. This statement 

highlights the fact, that pollution prevention is the most important activity in 

terms of environmental protection. Thus, the costs for preventive activities should 

be taken into account and distinguished as environmental costs.  

 

However, according to IFAC (2005, 27) organizations have started to improve 

tracing the hidden environmental costs. One common solution has been separate 

cost categories or cost centers for more transparent and discrete environmental 

management activities. The less obvious costs could be more clearly labeled as 

environment-related costs, that they could be more easily identified. Activity- 

Based Costing (ABC) can also help organizations in this to decide whether 

allocation bases are relevant for certain costs.  

 

3.4 Environmental Investments 

 

To reduce environmental impacts, environmental investments are important 

objectives of decision making. Environmental investments fulfill corporate 

environmental strategy (Niskala 1996, 167). It also is shown through a case study 

that the performance of green product innovation and green process innovation are 

positively correlated to competitive advantage (Minato 2011, 209). 

 

According to Eurostat (2005, 22) environmental investments include all capital 

expenditure relating to environmental protection activities such as methods, 

technologies, processes, equipment and parts thereof. They have defined that total 

investment in environmental protection includes investments in pollution 

treatment and in pollution prevention, which are categorized by the nature and the 

function of the activity. SEEA (2003, 215) has also divided environmental capital 
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expenditure into pollution preventive end-of- pipe technologies and integrated 

investments that treat, handle or dispose emissions and wastes from production.  

  

Pollution treatment investment is often regarded as end-of-pipe equipment and it 

is defined to be a capital expenditure for collecting and removing pollution and 

pollutants after their creation. End-of-pipe investments include components from 

the existing equipment located at the end of or completely outside of the 

production line. On the other hand, pollution treatment investment can also be part 

of the production line, if their removal would not affect functioning of the 

process. (Eurostat 2005, 23; Jasch 2009, 68) 

 

According to Eurostat (2005, 26) pollution prevention investments are usually 

integrated technologies and can be called also as “cleaner technologies”. Pollution 

prevention investment is defined as capital expenditure, which prevents or reduces 

the amount of pollution created at the source. There are also two types of 

prevention investments: separately identifiable and integrated. 

 

On the contrary, Jasch (2009, 65; 68) states that three categories for environment 

related equipment should be distinguished. These categories are end-of-pipe 

equipment for treatment of waste and emissions, integrated cleaner technologies 

for preventing emissions at the source and scrap producing equipment together 

with energy conversion losses. The first two categories are similar to the division 

made by Eurostat and SEEA.  

 

Jasch (2009, 71) justifies the third category “scrap producing equipment” so, that 

when the waste and emissions production is environmentally relevant, should also 

the equipment that produces waste and emissions be seen as environmental.  The 

data from this kind of equipment would support further investment appraisal, 

when information of the material or energy losses of the equipment would be 

known. This kind of equipment should be considered when an organization is 

calculating the non-product output costs as environmental costs. However, it may 

be difficult to define all the scrap producing equipment of an organization.  
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In addition, to the categorizing environmental investments into pollution treatment 

and prevention equipment, they can be divided into indirect and direct 

investments. In most cases pollution treatment or end-of-pipe investments are 

direct and pollution prevention or integrated technologies are indirect investments. 

Jasch (2011, 270) states that most equipment used for prevention and other 

environmental management may be integrated into production equipment. In these 

cases, organization needs to estimate the environment related share, if any, of this 

indirect environmental investment.  The estimation should be based on the 

primary reasons for purchasing the equipment. Jasch (2009, 66) has also 

recognized that often environmental manager should be consulted for the 

decision, whether equipment is environmental or not, and to what degree.  

 

Eurostat (2005, 16) states criteria for estimating the environmental expenditure 

and presents three possible ways for doing this. Specific measurement is 

applicable when the total amount of expenditure is considered as environmental 

protection expenditure.  One example of this would bee end-of-pipe type of 

equipment such as sewage-treatment plants. Specific- parts measurement is used 

when a proportion of the total investment is an environmental expenditure. 

Specific choices measurement is applied when the only remaining possibility is 

to identify expenditure relating to a specific choice made by the business.    

 

3.5 Challenges considering Environmental Investments 

 

It is difficult to quantify future earnings and output flows resulting from measures 

of environmental protection, while it is often necessary to include less tangible 

values. Factors that may be under consideration in addition to direct investment 

and operations costs are for instance image, future liability costs, future price 

changes for raw materials and energy carries and their availability, contacts with 

environmental and other agencies and legal compliance. (Jasch 2009, 122) These 

uncertain costs may be best handled by a scenario analysis, since these soft factors 

will sooner or later be reflected in the annual accounts. (IFAC 2005, 25; Jasch 

2003, 671) 
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Jasch (2009, 9) points if environmental costs are not sufficiently monitored the 

information considering earnings and savings is adequate. This result in distorted 

calculations for improvement options and new environment protection operations 

for preventing emissions and waste at the source are not recognized and 

implemented. One main issue considering this is also that people in charge are not 

often aware that producing waste and emissions is more expensive than disposing 

them.  

 

Staniskis & Stasiskiene (2006, 1256) have also stated that due to incorrectly or not 

allocated environmental costs to specific processes or products significant capital 

budgeting decision may be not undertaken and some inefficient solution may be 

chosen. One main issue also lies in the traditional cost accounting systems, which 

are insufficient to provide the relevant information on company’s material flows. 

In particular the non-product output is not monitored separately within its own 

accounts (Jasch 2009, 10). 

 

International corporations face often the fact that the same technology and 

equipment can be treated differently in different countries (Jasch 2009, 67). Legal 

requirements usually do not request certain technology but a certain emission 

level. To achieve a certain emission level many different technologies can be 

implemented. (Jasch 2009, 66) Leaning towards Jasch’s statement, investment 

estimation should then be based on the purpose of purchasing and not on the 

impact that equipment has on environment.  

 

It is identified that environmental managers should participate in the estimation of 

the environmental share of investments, while they are aware of the 

environmental impacts that a certain investment has. However, Vehviläinen’s 

(2006, 65-67) study carried out at a company in a forest industry showed that 

environmental managers estimate the environmental share differently. This 

hinders the harmonization of environmental investment estimation at the group 

level, if no general guideline is available for estimation of the environment related 

share. 
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Furthermore, it is seen that a correct determination of the environmentally induced 

part of the integrated technology is difficult or even impossible. Since the 

investments are made for economic reasons, they should be treated as normal 

capital investments. (Schaltegger & Burritt 2000 ,179)  However, in terms of 

efficient resource use and preventing to produce pollutants, integrated and indirect 

environmental costs play a key role. For this reason they should not be excluded 

from environmental investments.  
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4  ENVIRONMENTAL COSTS AND INVESTMENTS 

REPORTING 

4.1 Environmental Reporting  

 

Niskala and Mätäsaho (1996, 293) see that the main purpose of environmental 

reporting is to inform stakeholders about organization’s plans, objectives, actions 

and results towards environment. In general environmental reporting can be seen 

as forwarding information of the organization’s impacts on physical environment. 

Lovio (2004, 172) has narrower defined that environmental reporting is a 

company’s statement on how the environmental issues have been managed during 

the reporting period. Both of these concepts can be related to external and internal 

reporting. 

 

In terms of external reporting, corporate social and environmental reporting levels 

have vastly increased recent years, especially among large companies in 

industrialized economies. (Haddock- Fraser & Fraser 2008, 140) According to a 

recent contribution to corporate environmental reporting, it is rather a question on 

how to report about environmental issues than to report at all. (Isenmann 2008, 

103)  

 

Furthermore, many organizations worldwide report mandatorily environment-

related data in both physical and monetary terms to governments under national 

reporting requirements. For example EU member states must report 

environmental costs annually to the statistical office of the European Union 

(Eurostat) according to the European Commission reporting requirements. (IFAC 

2005, 72)  Eurostat does not collect the data by itself, but the data gathering 

process is done through the Member States by their statistical authorities. 

(Eurostat 2013a)  

 

However, when organizations are reporting costs and investments figures related 

to environment the focus is on the stakeholders, to which figures are reported. 
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Typical corporate stakeholders and their motivations towards environmental 

information are presented in table 6.  

 

Table 6. Stakeholders from an environmentally point of view. (Schaltegger et al. 

2003, 39)  

Stakeholder group Motivation to environmental issues 

Shareholders and 

investors 

To appraise the influence of environmental damage 

as well as environmentally benign activities or 

omitted activities on business value 

Banks and Insurance 

companies 

To avoid credit and liability risks relating to the 

environment and to seek profitable and secure 

capital investments for themselves and for their 

customers 

Customers To look for lower-priced, higher quality goods and 

services, encouraging or ignoring the adoption of 

environmental standards by their suppliers through 

contractual arrangements 

Suppliers To adopt or neglect to adopt environmental quality 

criteria in relation to the goods and services offered  

Managers and executives To seek enhance the success of the business and 

minimize environment-based business risks to strive 

personally for higher monetary rewards, prestige 

and new sense of environmental awareness as 

encouraged by social and business pressures 

Employees 

 

To secure their position in the business to pursue 

personal goods relating to career and position and to 

obtain environmentally healthy work conditions that 

promote personal wellbeing 

Neighbors and local 

community 

To maintain or improve the environmental quality 

of the areas they live in  

Non-governmental 

organizations 

 

To act advocates for the environment as watchdogs 

and as catalysts working towards environmentally 

benign behavior by business 

Authorities and 

governments 

 

 

To pursue protection and conservation of the 

environment on behalf of society and to use 

measures related to the environment as a political 

instrument in the struggle for votes 

Competitors To look for cost advantages to compare their 

performance with that of their cohort of competitors 

and to search for opportunities that may stem from 

improving environmental quality 
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Table 6 shows that different stakeholders request different kind of information 

related to environment as their motivations to environmental issues differ. 

However, they are all concerned on the impacts that an organization has on 

environment, but the information that is required is in a different perspective and 

scope. As Schaltegger & Burritt (2000, 397) state that the contents of 

environmental reports should address the information needed by each stakeholder 

group. A balance should exist between local and site-oriented reporting as well as 

consolidated figures of the whole company.  

 

As corporate stakeholders can be divided into internal and external stakeholders, 

internal and external reporting can be distinguished. In addition, environmental 

costs and investments reporting to external stakeholders can be voluntary or 

mandatory. All of these different aspects of environmental reporting will be 

further discussed in the following chapters.  

 

4.2 Internal Reporting  

 

From internal point of view, managers require information concerning costs and 

benefits of various environmental activities and investments. (Raiborn et al. 2011, 

429; Schaltegger et al. 2012, 9) They are interested in cost reduction options as 

well as the level of costs (Csutora & de Palma 2008, 143).  Jasch (2011, 257) 

states that it is essential to have improved and harmonized data quality for internal 

benchmarking purposes as well as for aggregated statistical analysis.  

 

One significant point to consider in data collection is the source of data and the 

required level of measurement.  The level can be from a product to a process or to 

an organization. In addition, it is important to ensure that the data is sufficient and 

of high quality for it to be relevant and reliable. (Scavone 2006, 1279)  To 

effectively manage and reduce the potential generation of waste and emissions, a 

company needs to have accurate data on the amounts and destinies of all the 

energy, water and materials used to support the production. (IFAC 2005, 21) 
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According to IFAC (2005, 54) cost classification through environmental domains, 

presented in chapter 3.2 is useful also for internal management purposes since it 

can show interesting results and trends. One widely used application is 

benchmarking environmental costs by domains between years and among 

different sites of the same organization. It is also highlighted that an organization 

should choose the most suitable categories and tailor them if necessary, to fulfill 

its information needs.  

 

Decision making can be supported by the use of Environmental Performance 

Indicators (EPIs). EPIs can be based on physical information such as amount of 

waste water treatment or on monetary information such as annual total costs for 

treatment of waste water. (IFAC 2005, 25) In addition, a range of eco-efficiency 

indicators are usually defined as the ratio between an environmental and a 

financial variable combining physical and monetary information such as 

wastewater treatment costs per unit customer service each year. (Langford 2008, 

339)  

 

Csutora and de Palma (2008, 144) have criticized that most of the performance 

indicators related to the environment are not informative enough for the 

management purposes at the company, but serve better the benchmarking at a 

company or a national level. The features of effective performance appraisals 

must be quantifiable, easy to understand, balanced, easy to trace and 

communicated often (Scavone 2006, 1278). 

 

As mentioned earlier, key application fields of environmental management 

accounting data include also external reporting. These fields are for example 

external disclosure of environmental expenditures, investments and liabilities, 

environmental or sustainability reporting and reporting environmental data to 

statistical agencies and local authorities. (Jasch 2003, 668) The differences 

between internal and external reporting are created by the need to aggregate 

details for external reporting to prevent information overload on external users 
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and to report issues that improve a competitive advantage. (Raiborn et al. 2011, 

429) 

4.3 External Reporting 

 

There is a growing trend to increase amount of environmental financial 

information included in corporate financial reports to external stakeholders. 

Accountants provide monetary environmental information and external auditors 

verify the accuracy of reported information, information systems and practices 

from which the reported information is derived. (IFAC 2005, 51)  

 

Godschalk (2008, 225) uses term Environmental Financial Accounting (EFA) 

referencing to environment-related external accounting and reporting. He states 

that the aim of EFA is to ensure that environmental revenue, costs, assets and 

liabilities that are reflected in the financial statements of the organization 

following the legislations and accounting standards. Jasch (2003, 668) finds that 

external reporting fields can be for example external disclosure of environmental 

expenditures, investments and liabilities, environmental or sustainability reporting 

and reporting environmental data to statistical agencies and local authorities. 

(Jasch 2003, 668). 

 

External environmental reporting is important as corporate image is essential to 

economic survival. It is also argued that companies reporting environmental 

matters on a continuous basis create confidence among investors and creditors, 

which may lead also accessing to capital markets on easier terms. (Godschalk 

2008, 225; IFAC 2005, 51) The main users of the financial statements are the 

shareholders of the company, investors and regulating authorities. Other users for 

external reporting include employees, creditors, customers, suppliers, neighboring 

communities and environmental interest groups. (Godschalk 2008, 255)  

 

These stakeholders of an organization are mostly interested in the whole picture, 

which reflects addressing the environmental impacts of business activities. Jasch 

(2011, 273) discovers that environmental reporting should consider information 
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about environmental politics, concrete impacts to environment, costs that are 

invested into environmental protection costs and how the company has managed 

and will manage its requirements towards environment. Raiborn et. al (2011, 429) 

have also similar views on the matter, that external environment reports should 

provide information on current and past operations as well as strategies and plans 

for the future. The contents and features for information on operations and plans 

or strategies are presented in table 7. 

 

Table 7. Categories of environmental reports. (Raiborn et al. 2011, 429)  

Operations Plans or Strategies 

- Greenhouse gas and other 

emissions data 

- Fines for noncompliance with 

environmental regulations 

- Eco-friendly capital investments 

- Performance measurements 

- Compliance with ISO  14001 

standards 

- Internal or external assurance of 

environmental reporting data 

- Contributors to local and global 

conservation, sustainability 

projects 

- Organizational strategy, 

philosophy and policies 

towards environment and 

sustainability issues 

- Environmental action 

plan 

- R&D activities resulting 

in eco-friendly and 

recyclable products  

 

 

Table 7 shows that the reporting to external stakeholders combines both monetary 

and physical data. However, according to IFAC (2005, 77) reporting of physical 

information is not associated with environmental accounting since the experts on 

this information are usually personnel from purchasing, production and 

environmental department rather than accounting department.  

 

Jasch states (2011, 266) that when installing EMA system in organizations and 

collecting data for external reporting, it is recommended to approach this in the 

reverse order. The environmental costs from accounting information systems 

should be first assessed by standard accounting categories and then assigned 

through environmental domains. It is controller’s task is to place a consistent and 

complete data information system together with environmental manager.     
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4.4 Mandatory Reporting 

 

Corporate financial accounting concerning environmental issues is associated with 

mandatory external reporting. Various accounting statements require disclosure of 

the financial impact on environmental issues such as the purchase of emissions 

allowances. The purpose of these pronouncements is to add consistency and 

disclosure in reporting considering environmental liabilities. (Raiborn et al. 2011, 

427) As financial reporting to external parties is regulated by national laws and 

international standards, which require certain treatment of financial items, there 

are generally no external reporting requirements associated with environmental 

accounting, which is producing the reported figures. (Jasch & Savage 2008, 326)  

 

Significant regulations govern corporate reporting and disclosure through 

accounting standards, stock exchange rules and law. Regulation of reporting leads 

to more consistent and comparable reporting. However, environmental 

information is generally unregulated or differently regulated, which causes 

problems with consistency, comparability and quality over time and between 

different companies. (de Villers & van Staden 2011, 319) 

 

Statistical agencies are collecting environmental data based on the Integrated 

System of Environmental-Economic Accounting (SEEA) handbook of United 

Nations (Jasch 2011, 255). Experience from various case studies has indicated 

that national disclosure requirements by statistical agencies differentiate as 

definitions are not consistently implemented, even though they use the same 

SEEA 2003 framework document. International corporations installing 

information systems to fulfill their disclosure requirements may face considerable 

challenges in aggregating data from different countries. Examples of this are 

different definitions of environmental investments, different approaches 

considering depreciation and collection of costs, expenditure, savings or cash flow 

related data. (Jasch 2011, 257) 
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European statistical offices must use environmental domains when reporting 

business’ environmental protection expenditures to Eurostat and SEEA. SEEA 

uses the classification CEPA, which was presented in chapter 3.2, in which 

environmental protection activities are first classified by environmental domain 

and then by type of measure such as prevention and treatment. (Jasch 2011, 266) 

 

4.5 Voluntary Reporting  

 

Ienciu et al. (2012, 966) have presented that organizations with good corporate 

governance practices report more voluntary information regarding environmental 

performance and other aspects. Good corporate governance practices included 

among others establishing environmental, safety or responsibility committees that 

had monitored the environmental impact within the company.   

 

Raiborn et al. (2011, 428) has also indicated factors, that are influencing 

organizations to   provide voluntary environmental reports more probably. These 

factors include financial strength, environmental-sensitive industry, large and 

diverse shareholder ownership, environmental legal proceedings affected by 

substantial media exposure, previous and additional environmental difficulties and 

previous targeting by environmental groups.  

 

Due to the voluntary status of environmental reporting countries, different 

approaches to the reports can be distinguished. Seven major types has identified, 

such as compliance-based, toxic release inventory-based, eco-balance, 

performance- based, product focused and social environmental reports as well as 

sustainability reports as an integrated communication. (Isenmann 2008, 104) 

 

The type and quantity of provided information varies between companies in 

voluntary reporting. Some organizations may report only compulsory 

environmental information while other reveals environmental activities and 

operations via annual reports, website information or as stand-alone reports. 

(Raiborn et al. 2011, 428)  
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Different Non-Governmental Organizations (NGOs) have provided 

Environmental Management System (EMS) tools such as International 

Organization for Standardization (ISO) and the Eco- Management and Audit 

Scheme (EMAS) and guidelines for sustainable reporting such as Global 

Reporting Initiative (GRI). The objective of EMS is to make organizations to take 

the environmental issues into consideration in decision making.  

 

The ISO 14001:2004 standard defines EMS as a part of the overall management 

system which includes organizational structure, planning activities, 

responsibilities, practices, procedures, processes and resources for developing, 

implementing, achieving, reviewing and maintaining environmental policy. The 

model for EMS is shown in figure 8. Dahl (2008, 189) states that the ISO 14001 

guideline is for use as a voluntary and internal management tool.   

 

Figure 8. Environmental management system model. (ISO 14001) 

 

Figure 8 visualizes ISO standard, which provides general framework for 

environmental management. In terms of environmental accounting, it provides a 

basis for information that supports the environmental management and achieving 

the environmental targets of the organization.  
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Eco-Management and Audit Scheme (EMAS 2013) of European Union is a 

management tool for companies and organizations to evaluate report and improve 

their environmental performance. The scheme has been available since 1995. 

EMAS regulation was revised and modified in 2009 for the second time. EMAS 

defines itself as a voluntary tool for organizations who are aiming to: 

- Improve its environmental and financial performance  

- Communicate its environmental achievements to stakeholders and society 

in general 

 

Common feature of the ISO and EMAS standards are a voluntary commitment to 

continual improvement of EMS and performance. In addition, the responsibility 

for the environment needs to be addressed at all levels of an organization. EMAS 

has more accountability, since it requires public report on environmental matters, 

which are verified by external auditing bodies. (Dahl 2008, 187) EMAS and ISO 

standards give a general basis for environmental management, but they do not 

provide any detailed recommendations for environmental cost accounting as it is 

only one part of environmental management.  

 

In terms of external voluntary reporting Global Reporting Initiative (GRI) 

framework is widely used among different organizations (Raiborn et al 2011, 

428).   GRI is a non-profit organization that provides sustainability reporting 

guidance and framework and works towards sustainable global economy. GRI’s 

Sustainability Reporting framework enables companies and organizations to 

measure and report their sustainability performance, which includes economic, 

environmental, social and governance performance. (GRI 2013)  

 

Reports based on the GRI can be used to benchmark organizational performance. 

The dimensions of performance can be respect to laws, norms, codes, 

performance standards and voluntary initiatives. (Jasch 2009, 31) Companies who 

voluntarily report in accordance with GRI guidelines are seen as well managed 

companies (Godschalk 2008, 257). GRI requires that reports should be balanced 

and, clear, accurate, timely, comparable and reliable (Raiborn et al. 2011, 429).  
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However, the guideline of GRI to environmental cost reporting is narrow, since 

environmental issues are only one part of the sustainability reporting. Usually, 

corporations present only total sums for environmental costs and investments.  

 

4.6 Challenges considering Environmental Reporting 

 

Challenges considering environmental reporting are insufficient financial 

accounting and reporting systems that have failed to provide transparent reporting 

of the actual costs and benefits arising from environmental activities.    A solution 

to this could be a redesign of the current business chart of accounts or 

modification of the transaction coding so that environmental costs can be 

identified. (Raiborn 2011, 432) 

 

Jasch (2009, 128) stated that in spite of the significant focus on the reduction of 

the material losses and product yield, the costs related to material losses identified 

by environmental management accounting were not visible for the production 

department. In addition, environmental management department focused mainly 

on environmental control and impacts and less to the related costs. To increase the 

consistency of the information between different departments internal reporting 

and sufficient information systems play a key role.  

 

Financial reporting to external parties is regulated by national laws and 

international standards, which require certain treatment of financial items. 

However, there are generally no external reporting requirements associated with 

environmental accounting, which produces the reported environmental figures. 

(Jasch & Savage 2008, 326) 

 

The questionnaires sent out by statistical agencies for data collection view 

environmental costs through an environmental domain approach. Jasch (2011, 

268) has criticized national statistics agencies for demanding data following an 

outdated paradigm, since it leads to resistance of organizations being requested to 

produce environmental cost information out of accounts and management systems 
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which are structured through a different logic. Thus, if corporations have 

established an integrated pollution prevention system, the satellite approach to 

environmental protection costs does not reflect the reality in production 

companies.  

 

In addition, the questionnaire sent by national statistical agencies is usually 

answered by the environmental manager who often has no direct access to the 

accounting system and no overview of the total corporate cost structure. This 

results in that the information reported is incomplete and inconsistent. (Jasch 

2011, 266) 

 

Environmental reporting has remained voluntary on an international level, which 

seems to have caused differences in quality and quantity of environmental 

information from varied industries and countries (Ienciu et al. 2012, 961). This 

sets a challenge for benchmarking of the companies from the same industry 

located in different countries.   
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5 ENVIRONMENTAL APPROACH TO PAPER 

PRODUCTION 

5.1 Paper Production Process 

 

In this chapter paper production is described from wood debarking to production 

of the final product at the mill site.  Wood felling in the forests is excluded from 

the description presented here, since it does not occur at the mill site. Paper 

production principle with process inputs and outputs is illustrated in figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Paper production principles including input and output flows. 

(PaperOnline 2013; Gale 2006, 1239)  

Notes: I= Raw material, chemicals, fuel and water; W=Waste; P= Product or By-Product. 

 

Figure 9 demonstrates that paper production process is far a closed system, as 

many material flows are recycled inside the process. Paper can be produced from 

virgin wood fibers and/or recycled wood fibers. Paper production from virgin 
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fibers starts with wood handling, by which is meant mainly wood debarking. 

Debarking is based on a strong friction between the logs and it can be dry 

debarking or wet debarking with supplied water. Water can be also used in 

defrosting of the logs before the debarking phase. Bark can be utilized by 

producing it into energy or by selling it. Typically, softwood contains 12-15 % 

and hardwood 15 % of bark. (Seppälä et al. 2002, 24; 30)  

 

The purpose of all pulping is to separate wood fibers from each other and to make 

them suitable for paper production (Sundholm 1999, 17). There are two main 

methods for mechanical pulp production: grinding and refining. In the grinding 

process fibers are separated from each other by pressing woods logs against a 

revolving stone. In the refining process wood chips are disintegrated with a refiner 

stone. (Lönnberg 2009, 29) Brightness of mechanical pulps is close to the 

brightness of wood. If higher degree of brightness is required, mechanical pulps 

can be bleached with chemicals such as dithionite and hydrogen peroxide, which 

decolorize colored lignin compounds. (Häggblom-Ahnger & Komulainen 2006, 

34) 

 

Chemical pulp production is a process, where wood chips are cooked with 

chemicals in a high temperature in order to separate the fibers from each other. 

(Seppälä et al. 2002, 31). Typical yield of chemical pulp is around 50 %, while in 

terms of mechanical pulp it is around 95 % (Häggblom-Ahnger & Komulainen 

2006, 32). Lower yield of chemical pulp compared to mechanical pulp is due to 

the cooking process, in which lignin is dissolved into cooking liquor. Chemical 

pulps are bleached in order to enhance brightness of the pulp and decrease content 

of lignin (Seppälä et al. 2002, 122; 131). Chemical pulp bleaching includes many 

stages and is more complex than bleaching of mechanical pulps. Chemicals used 

in bleaching and delignifying stages include chlorine dioxide, hydrogen peroxide, 

sodium hydroxide and oxygen. (Gullichsen & Paulapuro 2000, 657)  

 

De-inked pulp is produced from recycled paper. The main processes in producing 

de-inked pulp are slushing, fractionation, dispersing and kneading, refining and 
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dewatering. In pulp slushing the recovered paper is broken down into pumpable 

condition and in fractionation the fibers are sorted by criteria such as size or 

deformability. In the dispersing phase residual dirt specks and stickies are made 

smaller or floatable and ink is detached from the fibers. Refining is for modifying 

the fiber characteristics to guarantee required properties for bonding and paper 

quality. Dewatering phase is for removing water from the suspension in different 

phases. (Göttsching & Pakarinen 2000, 92)  

 

Approximately 850 kg of recycled fiber pulp can be produced from one ton of 

recycled paper. (Seppälä et al. 2002, 68) It has become a widely accepted raw 

material and its share of the global fiber production has increased up to 50 % in 

recent years (Diensen 2007, 210). Recycled fiber processing systems are more 

complex than virgin fiber processing systems, since recycled fiber is a mixture of 

various paper grades and it contains certain proportions of impurities and 

detrimental materials. (Göttsching & Pakarinen 2000, 91)  

 

When producing de-inked pulp, rejects are generated from the processes. Reject 

can be formed from flotation, slushing, fractionation, sorting and handling of 

water. Dewatered waste typically includes 50 % of short fiber, 40 % of fillers and 

10 % of coal from ink, adhesives and de-inking chemical wastes. (Seppälä et al. 

2002, 70)  

 

Pulp is converted into paper by pumping it to the paper machine. Paper machines 

are complex systems including different kinds of operations and equipment. The 

main principle is that the pulp is fed to the machine in a low consistency of 0.2-

1.2 % and water is phase by phase removed. In the finishing phase paper can be 

calendered or coated with different substances such as pigments, adhesives or 

plastics. The actions in the finishing phase depend significantly on the produced 

paper grade and its requirements. Finishing phase includes also slitting-winding 

and packaging. (Häggblom- Ahnger & Komulainen 2006, 137; 184) 

 



  52 

White  
Liquor 

Green 
Liquor 

Liquor and 
Cooked Chips 

Pulp 

Weak Black 
Liquor 

Heavy Black 
Liquor 
 

Wood 

Energy production in figure 9 refers to the production of energy at the mill site. 

Mills producing mechanical, chemical and de-inked pulp have typically solid fuel 

boilers, where wood- containing residues can be generated into energy. (Dahl 

2008, 139)  Chemical pulp mills are usually energy self-sufficient, since the 

cooking liquor can be converted into heat and electricity. The process of chemical 

pulping is shown in the figure 10.   

  

Figure 10. Pulp mill chemical recovery circuit. (Nurmesniemi et. al 2005, 1477) 

 

Figure 10 shows the chemical recovery, which consist of process phases such as 

evaporation, combustion causticizing and calcination. In the chemical recovery, 

the cooked liquor called as black liquor is recovered back to white liquor. 

(Häggblom-Ahnger & Komulainen 2006, 32) After evaporation of the weak black 

liquor it is burned into recovery boiler, which produces heat and electricity.  

 

Figure 9 depicts also activities related to air emissions abatement, effluent 

treatment and waste management. These are important activities in paper and 

pulp production, representing all of end-of-pipe and integrated equipment, whose 
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purpose is to decrease environmental impact from paper production processes. Air 

emissions abatement, effluent and waste treatment will be further discussed in the 

next chapter 5.2.  

 

5.2 Decreasing Environmental Impacts  

 

At paper mills, air emissions are resulting mainly from chemical pulping process 

and energy production such as combustion gases from solid fuel boilers and 

recovery boilers, exhaust gases from the lime kilns and concentrated and diluted 

malodorous gases from kraft pulp mills. (Dahl 2008, 15) Air emissions can be 

controlled and treated by many methods and equipment, such as flue gas 

scrubbers and auxiliary boilers. However, the best way would be to eliminate air 

emissions at the source rather than relying on the end-of-pipe equipment. (Dahl 

2008, 118)  

 

As a huge amount of water is used in paper making processes, efficient water 

recycling process as well as waste water or effluent treatment is required. Pulp 

and paper industry effluents contain typically wood polymers, process chemicals 

and their reaction products as well as various fillers and auxiliary chemicals. The 

most common measurement used for characterizing different effluent are BOD, 

COD, suspended solids, nutrients such as phosphorous and nitrogen, AOX, 

chloro-organics, color and toxicity. (Dahl 2008, 87)  

 

According to Dahl (2008, 86) the effluent treatment can be divided into internal 

and external treatment processes. By internal treatment processes is meant that 

effluent loads are reduced through process changes, while external treatment is 

related to end-of-pipe equipment, once the effluent has left the process. However, 

in practice these two approaches are usually combined in order to achieve the 

desired result at minimum cost.  

 

External waste water treatment processes is typically divided in three phases, 

which are primary, secondary and tertiary treatment. Primary treatment includes 
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filtration, clarification and chemical methods, which remove suspended matters 

from waste water. Secondary treatment considers biological treatment methods 

and tertiary treatment is implemented occasionally for further clarification of 

colors or residual COD. (Seppälä et al. 2002, 181) 

 

With respect to waste management, the main principle would be to prevent and 

minimize producing of waste. Then the next important thing is to decrease their 

harmfulness and increase their reuse and recycling. (Dahl 2008, 138) The 

production of pulp and paper from virgin pulps generates less waste than 

production of de-inked pulp. (Monte et al. 2009, 293) It is typical in pulp and 

paper industry that residues from one stage of the production can be utilized in 

another one (Seppälä et al. 2002, 170).  

 

Nurmesniemi et al. (2007, 1940) list that bark from debarking phase and wood 

residues from sawmills can be used as a raw material for chemical pulp 

production. In addition, energy is usually produced by burning wood waste from 

the debarking plant, black liquor from the chemical pulp making process and bio 

sludge from waste water treatment plants.  

 

In terms of purchasing new production capacity, Diensen (2007, 51) has stated 

that environmental aspects should be considered. The time and effort required for 

obtaining required permits and the limits for air, noise and waters are significant 

cost factors. High environmental standards can later create a positive image on the 

markets, even though they may be expensive in the investing phase. 
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5.3 Previous Studies of Environmental Costs in Paper Production 

 

Two case studies considering environmental management accounting had been 

performed in two different paper mills, of which one located in Canada and the 

other in Austria. The classification of environmental costs was similar in both of 

these cases and it followed the classification compiled by UNDSD in 2001, which 

was presented narrower under chapter 3.2 without the sub-categories. The 

classification of environmental costs applied at these paper mills is shown in table 

8.  

 

Environmental costs are categorized so that costs for treatment activities and costs 

for prevention activities are distinguished. For non-product output (NPO) costs 

there are two categories. The scheme is structured so that sub-categories for main 

categories are classified according to accounting terminology. Then all the 

environmental expenditure is classified through the environmental domain 

affected. Jasch (2011, 273) has also later recommended this kind of approach for 

categorizing environmental expenditures.  

 

The methodology presented in table 8 excludes costs that are external to the 

company such as environmental and social effects that occur to the general public. 

It focuses on direct annual expenditure on emission treatment, environmental 

protection and management as well as wasted materials and energy input, which 

are efficiency losses in production.  
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Table 8. EMA framework applied at paper mills. (Jasch 2003, 672; Gale 2006, 

1249)  

Environmental cost categories 

A
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o
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N
+

 V
;R

;B
+

L
 

O
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1. Waste and emission treatment 

1.1 Depreciation for related equipment 1 1&2 1&2    

1.2 Maintenance and operating 

material and services 

 1&2 2 1  2 

1.3 Related personnel 1&2 1&2 1&2    

1.4 Fees, taxes, charges 1&2 1&2 1&2    

1.5 Fines and Penalties       

1.6 Insurance for environmental 

liabilities 

 2     

1.7 Provisions for clean-up costs, 

remediation 

      

2. Prevention and environmental management 

2.1 External services for 

environmental management 

2 2  2  1 

2.2 Personnel for general 

environmental management activities 

1     2 

2.3 Research and development  1     

2.4 Extra expenditure for cleaner 

technologies 

      

2.5. Other environmental management 

costs 

      

3. Material purchase value of non-product output 

3.1 Raw materials  2 1    

3.2 Packaging   1    

3.3 Auxiliary materials   1    

3.4 Operating materials 1 1 1    

3.4 Energy 1      

3.6 Water treatment  1    2 

4. Prosessing costs of non-product 

output 

 1&2 1   2 

Total Environmental Costs 

5. Environmental revenues 

5.1 Subsidies, awards  1 1    

5.2 Other earnings  1 1    

Notes: 1= Austrian paper mill; 2=Canadian paper mill. 
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More detailed description of the components reported under each category by the 

Canadian paper mill is shown in appendix 5. Table 8 shows that major part of the 

costs was reported under environmental domains of Air and Climate, Waste Water 

and Waste. There were nothing reported under environmental domains of Noise 

and Vibration, Radiation and Biodiversity and Landscape, which is why these 

categories are shown as a one column in the table as “N+V; R; B+L”.  

 

At the Austrian paper mill waste water was responsible for 44 % of all 

environmental costs including also costs for non-product output. The costs for 

non-product amounted to 32 % representing the purchase costs of paper chemicals 

in waste water. So reduce in chemical use would lead in significant costs savings. 

An interesting result was also that 80.4 % of all environmental costs accounted for 

the material purchase value of non-product output. This figure was calculated 

from all raw, auxiliary and operating materials in the mass balance that do not 

leave the company as a saleable product.  

 

Furthermore, waste water treatment was representing the major part of the 

environmental costs incurred at the Canadian paper mill. Usually, this 

considerable, standalone waste and emission control equipment such as waste 

water treatment plant was recorded in systems as their own cost center (Jasch 

2009, 83). This may be one reason for comprehensive reporting of waste water 

treatment costs.   

  

The Canadian paper mill did not have much information reported under air and 

climate category. Snow removal and sanding was reported under waste category 

instead of biodiversity and landscape, as snow removal and sanding were seen as 

environmental costs. In terms of personnel costs, they were estimated from the 

laboratory side since they were assigned in the “Environmental supplies” account. 

Insurances could not be separately reported to environmental domains affected, 

since these were based on the risks of all environmental impacts and separation 

would have required further investigation. Prevention and environmental 

management included inspections, maintenance, operator training, process 
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changes, following up environmental audit items and actions, development and 

implementation of operating procedures and preventative monitoring and analysis. 

The identification of preventative actions from normal activities was considered to 

be challenging. 

 

The Austrian paper mill had reported more comprehensively costs for material 

purchase value of NPO than the Canadian paper mill. However, in the case of the 

Austrian paper mill was not explained in detail, what kind of costs they were 

exactly. The Canadian paper mill had calculated a figure, which represented the 

wasted fibers in terms of wood chips. The processing costs of NPO at the 

Canadian paper mill considered the processing of sludge waste and waste water 

treatment. Jasch (2006, 667) has stated, that it is challenging for many companies 

to add the costs of non-product output, which could have been seen in both of the 

case studies. It should also be highlighted that the costs should not be included in 

more than one category. The costs for processing of sludge waste could be also 

included into waste and emissions treatment category.   

 

At the Austrian paper mill, earnings reported under waste and waste water 

columns arose from selling of recyclable materials and from providing treatment 

capacity of the waste water treatment plant to other companies. No earnings were 

identified by the Canadian paper mill. In general, both of the mills had disclosed 

similar cost items. Some of the environmental costs were rolled up in overhead 

accounts such as administration, infrastructure and material accounts, which made 

tracing of the costs difficult in both of the case studies.  

 

The idea of taking non-product output costs into environmental costs reporting is 

to improve efficiency of material management both economically and 

environmentally. As NPO is defined to be everything, that does not leave the 

company as a saleable product, taking NPO into reporting of environmental costs 

would increase environmental costs significantly. Also, environmental costs 

would be integrated into production costs and not seen as separate costs. Thus, 
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different approach to environmental protection is applied through use of 

environmental management accounting and concept of NPO. 

 

Organizations may follow the costs of NPO in other areas and by different 

departments. They may not consider the costs related to NPO as environmental 

but more likely as quality costs and included in product costing. The 

environmental costs should be taken into account to that part that they fulfill the 

information needs of decision making from environmental point of view. The 

costs of NPO are necessary to know to make accurate product pricing calculations 

as well as investment appraisals. Whether organizations see these costs as 

environmental or not, is under their consideration.  
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6 ENVIRONMENTAL COSTS AND INVESTMENTS 

REPORTING AT STORA ENSO 

6.1 Introduction of the Corporation 

 

Stora Enso operates globally in paper, biomaterials, wood products and packaging 

industry. The Group has approximately 28 000 employees in more than 35 

countries and it is publicly traded company and listed in Helsinki and Stockholm. 

Stora Enso’s customers include publishers, printing houses, paper merchants and 

industries of packaging, joinery and construction. (Stora Enso 2013a, 3) 

 

The annual production capacity of Stora Enso is 5.2 million tons of chemical pulp, 

12.1 million tons of paper and board, 1.3 billion square meters of corrugated 

packaging and 6.0 million cubic meters of sawn wood products, including 3.0 

million cubic meters of value added products. The Group’s sales were 10.8 billion 

euros in 2012. (Stora Enso 2013a, 3)  

 

Stora Enso publishes Global Responsibility report annually. The Global 

Responsibility report published in 2013 was compiled following the G3.1 

sustainability reporting guidelines of Global Reporting Initiative (GRI) and was 

verified by an external third party. Stora Enso reported its total expenditure on 

environment in 2012 for environmental costs and investments as well as for 

environmental provisions. Group environmental investments amounted to 23 

million euro and the environmental costs amounted to 175 million euro excluding 

interest but including depreciation. Figures for environmental provisions 

estimated total sum of 114 million euro.  The figures cover the parent company 

and all companies in which it has over 50 % of voting rights directly or indirectly. 

(Stora Enso 2013b, 8; 53)  
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6.2 Introduction of the Examined Paper Mills 

 

Eleven units of Stora Enso were examined in this research from the Business Area 

of Printing and Reading. Table 9 shows location, produced pulp grades, produced 

paper grades and capacity of produced paper of the studied mills.  

 

Table 9. Overview of the mills.  

Mill  Pulp grade Paper grade Capacity (paper) 

1000 t 

Anjala TMP+PGW  Impr. news, Book 435 

Hylte  TMP+ 

SGW+ DIP 

News 690 

Kabel  SGW LWC, MWC; Magazine 495 

Kvarnsveden  TMP+SGW SC; Magazine, News, 

Impr. news 

1 020 

Langerbrugge  DIP SC; Magazine, News 555 

Maxau  SGW+ DIP SC; Magazine 530 

Nymölla  TCF WFU 500 

Oulu  ECF WFC 1125 

Sachsen  DIP News, Directory 320 

Varkaus ECF WFU 285 

Veitsiluoto ECF+ SGW LWC, MWC; Magazine 1020 
 

Notes: DIP= De-inked pulp, EFC= Elementally Chlorine Free pulp, LWC= Lightweight coated 

paper, MWC= Medium weight coated paper, PGW= Pressure Ground Wood pulp, SC= Super 

calendared paper, SGW= Stone Ground Wood pulp, TCF= Totally Chlorine Free pulp, TMP= 

Thermo- Mechanical pulp, WFC= Wood free Coated paper, WFU= Wood free Uncoated paper.  

 

Table 9 indicates that studied mills are different from each other in terms of paper 

and pulp grades as well as from the production capacity of the papers. The 

production process and the size of the mill affect substantially to the incurred 

environmental costs. For more detailed examination of environmental costs, there 

could have been many other aspects to consider such as exact location of the 

mills, amount of wastes, number and technical details of waste water treatment 

plants, amount and quality of waste water, amount and quality of air emissions as 

well as the equipment reducing air emissions. Use of this kind of data, however is 

excluded, since examining of these issues are wider than the scope of this study.  
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Table 9 shows that four mills produce chemical pulp. Chemical pulps are used for 

producing wood free papers, also called fine papers. Fine paper end products 

include business forms, document printing papers, envelopes, scholastics and 

graphic reels. Four mills are producing de-inked pulp from recycled paper. De-

inked pulp is used for magazine paper and newsprint paper. Six mills are 

producing mechanical pulp from virgin fibers, which is used for newsprint and 

book papers, light and medium weight coated, super calendared magazine papers 

and coated mechanical sheets.  

 

Anjala paper mill and Ingerois carton board mill form an integrate called 

Anjalankoski mills. Production capacity of Ingerois board mill is 220 000 m
3
 of 

folding boxboard. Anjala mill and Ingerois mill share a common pulp and energy 

production as well as treatment of waste water. Varkaus mill and Veitsiluoto mill 

have integrated sawmills. The sawing capacity at Varkaus mill is 260 000 m
3
 and 

at Veitsiluoto mill 200 000 m
3
.  

 

6.3 Research Design and Procedure 

 

The main objective of the research was to study the current state of environmental 

costs and investments reporting at Stora Enso at selected 12 paper mills from 

Printing and Reading Business Area excluding mills in Brasilia, France and 

China. The differences and the factors causing the differences were studied in 

order to find solutions that would further harmonize environmental costs and 

investments reporting between the mills. One mill was excluded from the 12 

selected paper mills because of personnel changes. Thus, this case study consisted 

of 11 paper mills. 

 

In a case study, generalization of the results is a challenge, since few research 

objects are under consideration. The lack of statistical inference is replaced with a 

vast theoretical part and with a detailed practical observation. Saunders et al. 

(2009, 146) state that triangulation is used for different kind of data collection 

techniques to ensure that the data is consistent with the reality. It also enables the 
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quantitative and qualitative approach in the research since data can be collected 

for example through semi-structured interviews and questionnaires.  

 

Leaning towards previous statement, triangulation was applied to this thesis in 

order to increase the validity and reliability of the research results. The data was 

gathered through questionnaires, non-structured interviews, and semi-structured 

group interviews. Furthermore, general information from the mills was gathered 

as well as information from the database for environmental costs and investments.  

 

Elite sample was employed in the respondent selection. The respondents were 

selected so that they had the best knowledge of the examined subject. As a 

consequence, the respondents were environmental managers and/ or controllers 

depending on the mill, since they had reported environmental costs from year 

2012 and investments from the studied years. The response rate of the 11 paper 

mills was 100 %.  

 

The empirical data collection begun at one Finnish paper mill and the issue was 

examined with its Environmental Manager and Assistant Controller through an 

open interview. Based on the interview, a questionnaire was compiled and sent to 

the other mills. The questionnaire consisted of four different sections (appendices 

6-9). The first section of questionnaire considered general information and the 

second section considered reported environmental cost figures from 2012. The 

third section of the questionnaire considered reported environmental investments 

from the latest year that unit had invested and the fourth section considered 

general challenges that units had noticed in reporting.  

 

Based on the questionnaire semi-structured group interviews or workshops were 

organized in order to further discuss and clarify the reported figures of 

environmental costs and investments. Four groups were formed from the sample 

for the workshop meetings. First group considered four Finnish mills, second 

three Swedish mills, third two German mills and fourth one German and one 

Belgian mill. 
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The data was analyzed by qualitative methods. Analysis of environmental costs 

was based on the examination of the content of the reported figures, since the 

objective was to clarify, what kind of costs were reported under each category. 

The cost distribution of different categories was also examined in percentages in 

order to find out the remarkable differences between the mills. Information about 

actual environmental costs and investments is not presented because of 

confidentiality.  

 

Investments were analyzed by contents in order to find similar cases. Further 

analysis of the investments was challenging since there were not similar 

investments. In addition, the estimation of environmental share of an investment 

was done case-by-case judgments and mills had no special guideline for the 

estimation. 

 

Differences between the countries affecting to the environmental costs and 

investments reporting were studied through questionnaires sent by the national 

statistical agencies of each studied country (appendices 10-15). However, 

Belgium was an exception, since the statistical office of Belgium has not required 

environmental costs and investments reporting from the studied Belgian mill. In 

addition, only one German mill was required to report environmental costs to its 

state. The questionnaire required by the state statistical agency was the same as 

the questionnaire published by the statistical agency of Germany. Thus, the 

questionnaire required by the statistical office of Germany was examined.  Two 

German mills were required to report environmental investments to their states 

annually, and the questionnaire bases were similar in both states. 

 

6.4 Environmental Costs and Investments Reporting  

 

A questionnaire consisting of four different sections was sent to the mills to study 

the current state of environmental costs and investments reporting. The first 

section of the questionnaire considered general questions and it is shown in 

appendix 6. Table 10 shows a summary of the results to the general questions.  
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Table 10. Results on the general questions. 

Mills 1 2 3 4 5 6 7 8 9 10 11 

Country/Region FIN FIN FIN FIN SWE SWE SWE OE OE OE OE 

Environmental costs reporting 

1. Environmental 

manager participates 

x x  x x x x x  x x 

2. Controller participates x x x x x x x x x  x 

4. Use of cost figures in 

operative level 

x x x x  x     x 

5. Reporting to National 

Statistical Agency 

 x x x x x x x   x  

Environmental investment reporting 

6. Environmental 

manager participates 

x x  x x x x x  x x 

7. Project manager 

participates 

x x x x        

8. Controller participates         x   

9. Reporting to National 

Statistical Agency 

x x x x x x x  x x  

Other information 

10. Information systems: 

SAP and MS Excel 

x x x x x x x x x x x 

11. Maintenance 

outsourced 

x x x x        

Notes: FIN= Finnish mills; SWE=Swedish mills; OE=Other European mills consisting of 3 

German mills and one Belgian mill.  

 

The aim of the general questions was to find out who is or are responsible for 

environmental costs reporting, if environmental cost data was utilized at operative 

level and if environmental costs were reported to the statistical agency. Similar 

issues were also asked considering environmental investments: who estimates 

environment-related share of the investments and if environmental investments 

were reported to the statistical agency.  

  

At 72 % of the mills environmental manager and controller reported 

environmental costs. At two mills controller was responsible and at one mill 
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environmental manager was responsible for environmental cost reporting. Use of 

environmental cost figures at operative level was mentioned by six of the mills. 

  

In terms of external mandatory reporting, Finnish mills were required to report 

environmental costs and investments annually to the Finnish statistical agency, 

Tilastokeskus. Accordingly Swedish mills were required to report similar figures 

to the Swedish statistical agency, Statistiska Central Byrån (SCB). In Germany, 

one of the studied states required both environmental costs and investments to be 

reported and one studied state only investments. Investments in both German 

states were required to be reported annually, but the environmental costs required 

by the other state were reported on an unregularly basis. 

 

One Finnish mill, one Swedish mill and one German mill had done Eco-

Management and Audit Scheme (EMAS) reporting, which is a voluntary 

disclosure of environmental issues for external stakeholders. However, EMAS 

statements were not considered, since mills are only presenting the total sums of 

environmental costs and investments in EMAS statements. In addition, the cost 

figures presented in EMAS statements are based on the same environmental cost 

data examined in this study.  

 

Environmental investment reporting means here estimation of the environment- 

related share of the investments and deciding the environmental domain to which 

investment belongs. Table 10 indicates that at 82 % of the mills environmental 

manager was responsible for estimation of the environmental share of the 

equipment. Project managers had also participated at some of the mills. Only one 

mill stated that controller alone was responsible for estimating environment- 

related share of the investment.   

 

The information systems that were used at all mills were Enterprise Resource 

Planning (ERP) system, SAP and MS Excel. Within the SAP system, 

environmental costs could be tracked from specific cost centers such as waste 

water cost center and in other cost centers with an identifying code number or by 
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manual gathering. MS Excel was used to consolidate the figures, which were 

manually collected from the SAP system from different accounts.  

 

Finnish mills were the only mills, where maintenance operations were outsourced. 

Outsourcing of the maintenance was asked since outsourcing seemed to cause 

challenges related to the traceability of the environment- related maintenance 

costs. This was discovered in the beginning of the study, through an open 

interview with a Finnish mill.  

 

The mills were also asked about the challenges considering environmental costs 

and investments reporting, in the fourth part of the questionnaire. Four Finnish 

mills, one Swedish mill and three other European mills answered to the question. 

Finnish mills mentioned that the personnel and energy costs need to be estimated 

and maintenance costs were difficult to trace. Swedish mill mentioned that it is 

hard to separate the environmental costs from the normal production costs. Other 

European mills mentioned that the costs center structure is one thing to consider, 

since it does not correspond to the required environmental cost data. 

 

6.5 Internal Environmental Costs and Investments Reporting 

 

All studied units report environmental costs and investments annually to the 

Group. The reporting considers costs and investments in the calendar year, from 

January till December. Table 11 shows the current framework through which the 

units are reporting environmental costs to the Group. The framework was used as 

a basis in the second section of the questionnaire (Appendix 7). Studied mills 

answered to this questionnaire basis by defining all the costs that were reported in 

2012 under each sub- category.  Thus, the differences occurred between the mills 

could have been identified and more deeply analyzed by content analysis.  
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Table 11. The current framework for environmental costs reporting.  

 

Main category Sub-category 

1. Taxes, fees including refunds 

and permit related costs 

1.1. Air emissions, taxes and fees (NOx, 

SOx and CO2) 

1.2. Waste to landfill tax and/or fee 

1.3. Water use tax and/or fee 

1.4. Permit costs  

1.5. Waste water discharge tax and/or fee 

1.6. Residuals reuse tax and/or fee 

1.7. Compensations and indeminification 

1.8. Fines 

1.9. Other 

2. Operational costs 2.1. Waste water treatment 

2.2. Air emissions abatement 

2.3. Fresh water use and treatment 

2.4. Waste management 

2.5. Hazardous waste 

2.6. Other operational costs 

3. Administrative costs 3.1. Environmental management 

3.2. Personnel training 

3.3. Environmentally related R&D and 

knowledge management 

3.4. Environmental communications 

3.5. Decontamination, remediation and 

reclamation activities 

3.6. Depreciation 

3.7. Other 

4. Environmentally related 

income 

4.1. Revenues from residuals 

4.2. Residuals cost avoidance 

4.3. Other 

 

 

Table 11 shows that environmental costs were classified into four main categories. 

Operational costs were required to be reported by the environmental domain 

affected, but other costs were not classified through environmental domains. Mills 

had received also separate instructions in 2012 for guidance to fill the 

questionnaire basis.  
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The instructions contained examples of environmental costs to every subcategory 

presented in table 11 representing what should have been reported under each sub-

category. Some of the mills had followed the instructions literally, some had 

included some costs besides the mentioned ones and some had not fully followed 

the instructions. The instructions were not unambiguous in all parts. Thus, 

different mills had reported similar costs under different cost categories. In 

addition, reporting personnel seemed to affect to the accuracy of the reporting. 

When mill controller alone was responsible for reporting, nature of certain 

environmental costs was not fully understood, which led reporting of the costs 

under a wrong sub-category.  Distribution of the environmental costs in 2012 in 

percentages excluding depreciations and environmentally related net income is 

shown in figure 11.  

 

 

Figure 11. Distribution of the environmental costs in 2012.  

Notes: 1-4=Finnish mills, 5-7=Swedish mills, 8-11= Other European mills consisting of three 

German mills and one Belgian mill.  
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Figure 11 illustrates that the most significant difference between the mills in 

Nordic countries and the mills in other European countries considered the share of 

taxes and fees and the share of operational costs. In general, one reason for this 

was that tax and fee related costs were actually higher in Germany and in 

Belgium. However, there were several other factors causing differences. Factors 

that caused differences between the mills are discussed in more detail by main 

categories in the following paragraphs. First, distribution of the taxes and fees in 

2012 is shown in figure 12. 

 

 

Figure 12. Distribution of the taxes and fees in 2012. 

Notes: 1-4= Finnish mills, 5-7= Swedish mills, 8-11= Other European mills consisting of three 

German mills and one Belgian mill.  

 

Figure 12 indicates that were remarkable differences in reported taxes and fees 

between the units. Taxes for NOx, SOx and CO2- air emissions were applied only 

in Sweden as direct taxes. These taxes represented the major share of the taxes 

and fees- category at Swedish mills amounting over 73 %. The CO2- tax was 

charged in Finland and in Germany as a part of energy tax or eco taxes as indirect 

tax, but indirect taxes were not intended to be report.  

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

1 2 3 4 5 6 7 8 9 10 11

Mill 

Other

Compensations

Residuals reuse

Waste water discharge

Permit costs

Water use

Waste to landfill

Nox, Sox, CO2



  71 

Costs reported under “waste to landfill” were taxes of waste disposal to own 

landfill and/or service charges paid to the municipality or to an external private 

company. Some of the mills had not reported anything under this category, since 

they had reported these costs under “waste management” category as operational 

costs. A challenge related to this category was that mills had comprehended 

differently the meaning of “fee” including also other than tax-like charges. 

 

Mills, who had to pay for water intake, had reported it costs under “water use” 

category. Some mills had also reported fees for supplied drinking water paid to 

the municipality, but others had not, although they had also paid for drinking 

water. Permit costs were usually related to projects and all of the mills had not 

reported permit costs, as they were not traceable from the project accounts. Some 

of the mills had reported sanitary sewage treatment costs paid to the municipality 

under “waste water discharge”. “Residuals reuse”- category included construction 

costs of a noise barrier from ash as well as recycling fees. Compensations 

considered fees paid for fish planting and fees paid to the fishing industry.   

 

In general, mills had reported many costs that were intended to be report under the 

first category under other main categories 2, 3 and 4 or the other way round. For 

example environmentally related insurances were reported also under 3
rd

 category 

as administrative costs and income from bark was reported under 1
st
 category as 

residuals reuse instead of 4
th

 category, which represented the environmentally 

related net income.  

 

Figure 13 depicts the distribution of operational costs through environmental 

domains affected. Waste water treatment represented the major part of the 

operational costs amounting from 29 % to 86 %. Waste water treatment plant 

related costs were registered in own cost center, which was a reason for a 

comprehensive reporting of all waste water treatment related costs, as they were 

traceable from the SAP system. 
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Figure 13. Distribution of the operational costs in 2012. 

Notes: WW=Waste water, AE=Air emissions abatement, FW= Fresh water, WM=Waste 

management, HW= Hazardous waste, OEC= Other Environmental costs. 1-4= Finnish mills, 5-7= 

Swedish mills, 8-11= Other European mills consisting of three German mills and one Belgian mill.  
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had de-inked pulp production, had reported sludge treatment costs under “waste 

management” category, which increased the costs. Treatment costs of hazardous 

waste were relatively small and different construction projects had increased the 

costs. 

 

Costs for materials, supplies, chemicals, personnel, energy, monitoring and 

maintenance should have been reported under every environmental domain.  For 

most part personnel and energy costs were estimated and materials, supplies and 

chemicals were invoice-based. Energy costs were calculated based on the 

consumption or on the nominal capacity of the equipment. Mills had not reported 

all operational costs through the environmental domains, since some of the costs 

were insufficiently recorded in many different accounts. In addition, the 

instructions did not mention maintenance costs to be reported, which had resulted 

in that some of the mills had reported maintenance costs and some had not 

reported.  

 

At all mills, administrative costs represented the smallest share of environmental 

costs from 2 % to 13 %. The distribution of administrative costs is shown in figure 

14. At nine of the mills environmental management accounted for most part of the 

administrative costs. The costs reported under environmental management 

consisted mostly of personnel costs. However, personnel costs varied from 

management personnel to employees. Mills had reported similar costs under the 

personnel training and research and development categories. Those, who had 

compiled EMAS statements, had reported its costs under environmental 

communications category. The other category included different kinds of costs 

from monitoring costs to travelling costs. These costs could have been included in 

other categories, but was not because of the challenges related to traceability of 

the costs.  
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Figure 14. Distribution of the administrative costs in 2012. 

Notes: 1-4= Finnish mills, 5-7= Swedish mills, 8-11= Other European mills consisting of three 

German mills and one Belgian mill.  

 

Many units had environmentally related income. However, all mills had not 

reported it. Those, who had reported income, had reported income from selling 

waste and by-products and from providing services. The income from waste and 

by-products was received mainly from selling of recyclable products such as scrap 

metal and paper and also from selling bark and sludge. The sold services 

considered waste water treatment and landfill landscaping. None of the mills had 

reported residuals cost avoidance, by which was meant computational savings. 

The residuals cost avoidance category was meant to be for internal management 

information purposes. 

 

All 11 units had invested in environmental investments in 2011 or 2012. The 

total amount of investments was 72, of which 35 were indirect investments. 

Indirect investment meant that the investment was not considered for 100 % as 

environmental investment but with a certain share. In terms of indirect 

investment, the purpose for purchasing has not been fully environmental, but the 
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investment has had a positive impact on environment. Distribution of the units’ 

investments by environmental domains affected from one year either 2011 or 

2012 is shown in table 12. 

 

Table 12. Environmental investments in 2011 or 2012.  

Environmental domain Share of 

investments 

Of which indirect 

investments 

1. Air emissions abatement 17 % 25 % 

2. Decreased outdoor noise   

3. Decreased water use 4 % 67 % 

4. Improve beneficial use of waste   

5. Improvements of chemical 

management 

11 % 63 % 

6. Improvements of energy efficiency 44 % 56 % 

7. Others 4 % 100 % 

8. Waste management and landfill 

improvements 

6 % 50 % 

9. Waste water treatment improvements 14 % 20 % 

Total 100 % 49 % 

 

Stora Enso had defined nine categories for environmental investments. Table 12 

indicates that indirect investments accounted for nearly half of the reported 

investments. Units had invested in energy efficiency related equipment for most 

part by the share of 44 % of all environment-related investments.  

 

A challenge considering investments was the estimation of the environmental 

share of indirect investments, since there was no applicable guideline for an 

unambiguous estimation of the environmental share. Environmental managers and 

other personnel including controllers and project managers estimated the 

percentages differently judging the environmental share through their best 

knowledge and experience case-by-case. No generalization for the estimation 

could have been drawn from the gathered data and interviews. It would have 

required more detailed information about the investments as well as a larger 

sample.  
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6.6 External Environmental Costs and Investments Reporting 

 

All studied mills excluding 2 German mills and one Belgian mill were required to 

report environmental costs to the statistical agencies. The statistical agencies 

asked environmental costs through questionnaires, which were different between 

the countries. These questionnaire bases are shown in appendices 10-15. The 

questionnaires were studied in order to understand differences between the mills 

at country level and to seek the best practices from them to classify environmental 

costs.  

 

Classifications of statistical agencies for environmental costs are compared with 

each other and then with the classification of Stora Enso. Environmental domains 

that are used by Stora Enso, Tilastokeskus in Finland, Statistiska Central Byrån 

(SCB) in Sweden and Statistiches Bundesamt (SB) in Germany are shown in table 

13. The domains presented are same for environmental costs and investments in 

the classifications of the statistical agencies. Stora Enso has different 

environmental domains for investments. Stora Enso does not categorize all costs 

through environmental domains, but only operational costs. Furthermore, 

Tilastokeskus and SCB have the same approach that mainly operational costs are 

classified through environmental domains affected.   

 

Table 13 shows that all parties have separate categories for air emission 

abatement, waste water management and waste management.  However, SB in 

Germany has divided air protection and climate protection activities into their 

own separate categories. Air pollution control means collection and treatment of 

gases. Climate protection comprises activities of decreasing greenhouse gas 

emissions, use of renewable energy and improvements in energy efficiency.  
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Table 13. Environmental domains used by Stora Enso and statistical agencies. 

Stora Enso Tilastokeskus, 

Finland 

SCB, 

Sweden 

SB, 

Germany 

1. Waste water 

treatment 

Yes Yes Yes 

2. Air emissions 

abatement 

Yes+ Climate Yes Yes+ Climate 

3. Fresh water 

treatment and use 

   

4. Waste 

management 

Yes Yes Yes 

5. Hazardous waste    

6. Other Yes Yes Yes 

 + Noise abatement  + Noise abatement 

+ Protection of soil 

and ground water 

+ Ground renovation 

+ Conservation and 

landscape 

 

Stora Enso has considered fresh water treatment as an environmental cost, which 

is not included in the questionnaires of the statistical agencies. In addition, Stora 

Enso has a separate category for hazardous waste, which is included in the waste 

management in the questionnaires of the statistical agencies. Stora Enso 

demanded costs for fresh water treatment and use to be reported for internal 

management purposes. 

 

Tilastokeskus and SB in Germany have defined categories for protection of soil 

and ground water or ground renovation and noise abatement. SB has most 

categories and also separate category for conservation and landscape related 

activities. At Stora Enso and in SCB in Sweden these activities are included under 

others- category. 

 

In addition to the classifying environmental costs according to environmental 

domains, statistical agencies have classified the costs into internal operating costs 

and external costs. External costs are further divided into costs paid to the 

municipality and government or to the private companies.  Tilastokeskus has also 

two additional categories for environmental costs called as “use of preventive 

technology” and “use of cleaner inputs”. The increase of costs compared to the 
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normally used equipment and inputs is only reported under these categories. SCB 

in Germany has also a category for these costs, from which personnel expenses 

are defined separately. There are differences between the statistical agencies 

considering reporting of certain costs. Table 14 shows the typical costs that are 

excluded from or included in the questionnaire bases of statistical agencies.  

 

Table 14. Differently treated typical environmental costs.  

Cost Stora 

Enso 

Tilastokeskus,  

Finland 

SCB, 

Sweden 

SB, 

Germany 

Depreciation Yes No No Yes 

Taxes  Yes Yes Partly Yes, not 

separately 

Fines Yes No Not separately 

mentioned 

Not  

separately 

mentioned 

Interest No No No Yes 

Income  Yes Yes Not separately 

mentioned 

Not separately 

mentioned 

 

Table 14 shows that depreciation is only asked by SB. Taxes are included in the 

questionnaires of Tilastokeskus and SB but not in SCB. SB does not require taxes 

to be reported separately, while Tilastokeskus specifies taxes and tax-like fees in 

waste taxes, waste oil management fees and compensation fees paid for water 

owners. Environmental taxes such as NOx tax or CO2 are not reported to SCB. 

Fines are not reported to Tilastokeskus. Interest costs are only asked by SB and 

they are separately reported through environmental domains. A significant 

difference considers reporting of environment related income: Tilastokeskus is the 

only statistical agency that asks environmentally related income separately.  

 

Stora Enso and all statistical agencies have divided investments into end-of-pipe 

and integrated investments, but Stora Enso has defined more categories for 

environmental investments than the statistical agencies. One remarkable 

difference between the classifications of statistical agencies is that only SB in 

Germany considers investments in energy efficiency as environmental 

investments.  
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6.7 Differences in Environmental Costs and Investments Reporting  

 

In order to harmonize environmental costs and investments reporting between the 

mills, differences and the factors causing the differences were identified. Chapter 

6.5 indicated that there were remarkable differences between the mills in the 

distribution of environmental costs considering taxes and fees, operational costs 

and administrative costs. In addition, previous chapter 6.6 showed that the 

classifications of the statistical agencies are different from each other. Based on 

the findings of these two previous chapters 6.5 and 6.6, two types of differences 

could have been distinguished: actual and harmonisable. Table 15 presents the 

factors that cause actual and harmonisable differences.  

 

Table 15. Factors causing differences in environmental costs.  

Difference Factors 

1. Actual Location e.g. local legislation 

Technical features 

2. Harmonisable 

 

Traceability of environmental cost data 

Identification of environmental cost data 

Interpretation and compliance of the instructions 

Influence of the instructions from the statistical agencies 

 

Actual differences are caused by factors, to which it is impossible or difficult to 

influence in terms of harmonization. In addition, actual differences are 

differences, in which the management is interested when benchmarking units and 

finding the best practices. Examples of actual factors are location and technical 

features of the mills. Location affects to the environmental costs incurred at the 

country level but also inside the country, since in different places tighter 

environmental permits can be required based on the environmental impact of the 

unit. In addition, the mills located in Germany were charged for water intake. 

 

Harmonisable differences represent differences that distort reported environmental 

costs and investments data. Factors that cause the harmonisable differences should 

be taken into consideration in order to further harmonize the reporting between 

the units and to improve accuracy and comparability of the data.  Factors causing 
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harmonisable differences were traceability and identification of environmental 

cost data, interpretation and compliance of the instructions and influence of the 

instructions from the statistical agencies.  

 

In terms of indirect environmental investments, there was one identified factor 

causing harmonisable differences. The factor was the lack of detailed guidance 

how should the environmental share be estimated. Estimation of the 

environmental share is challenging to generalize and harmonize, because the mills 

are different from each other as well as most of the investments.  

 

6.8 Harmonization of Environmental Costs and Investments Reporting  

 

Solutions that would further harmonize the environmental costs and investments 

reporting are discussed in this chapter. The focus is on harmonisable differences 

and factors that were identified in the previous chapter 6.7.  

 

To further harmonize environmental costs reporting, modifications to the cost 

center structure and use of purpose code could be considered to increase 

traceability of environmental costs. The same cost center structure needs to fulfill 

also other information needs besides environment-related cost data, which should 

be taken into account. Purpose code could be used when registering 

environmental costs in non-environmental cost centers. This would decrease the 

manual collecting of environmental costs form different accounts.  However, there 

is a challenge in the use of purpose code, since many people from different 

departments and backgrounds are registering costs and they may not be able to 

recognize the environmental costs from normal production costs. Solution to this 

could be training of the personnel. 

 

Environmental managers have the best knowledge of the environmental impacts 

of the unit. For this reason environmental managers should co-operate with 

controllers and accountants in order to identify all environmental costs from 

different accounts.  
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The instructions were not unambiguous in all parts which guided reporting of the 

environmental costs. As a result reporting personnel had interpreted differently 

instructions, which led incoherent reporting between the mills. Solution to this 

would be more unambiguous instructions which would eliminate 

misunderstandings. Especially, the meaning of fee should be clarified, whether it 

considers also other than tax-like payments.  

 

In addition, the instructions of the statistical agencies had influenced at some level 

to the reporting personnel.  An example of this was that most of the Finnish and 

Swedish mills had not reported costs for fresh water treatment and use, as these 

costs were not comprehended to be environmental. A solution to this could be a 

notification clarifying, to which purposes the information is intended to use. 

Furthermore, setting environmental performance targets in monetary terms might 

increase motivation towards reporting.    

 

A modified framework would increase consistency of the environmental costs 

reporting between Stora Enso and the statistical agencies. Table 16 shows a 

modified framework, in which all environmental costs are categorized through 

environmental domains affected. This kind of classification enables also 

benchmarking of environmental costs through environmental domains between 

different units and years.   
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Table 16. A modified framework for environmental costs reporting.  

Group Category AEA WWT WM HW OEC Total 

Treatment 

I 

Taxes       

Permit costs       

Fines       

Insurances       

Membership fees 

and labels 

      

Compensations 

and 

indemnification 

      

Decontamination, 

remediation and 

reclamation 

activities 

      

External services       

Other        

Treatment 

II 

Operational costs       

Depreciation       

Prevention 

III 

Environmental 

management: 

Personnel, EMS, 

auditing; training 

      

R&D       

Environmental 

communications 

      

External services       

Other       

Income 

IV 

Revenues from 

residuals 

      

Other       

Cost avoidance       

Total       
Notes: AEA= Air emissions abatement, WWT= Waste water treatment, WM= Waste management, 

HZ=Hazardous waste, OEC=Other environmental costs. 

 

Five environmental domains are distinguished: air emission abatement, waste 

water treatment, waste management, hazardous waste and other environmental 

costs. Other environmental costs category includes activities related to soil and 

groundwater, noise and vibration, radiation, biodiversity and landscape. 

Hazardous waste is marked with grey as many of the units could not separate 
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costs for it from general waste disposal costs. In addition, costs of hazardous 

waste were relatively small compared to waste management and were not required 

by any of the statistical agencies. If the unit is able to produce a figure for 

hazardous waste, then it could be reported, otherwise its costs should be included 

in waste management for having more accurate figures. In addition, if certain 

costs such as insurance cannot be assigned to environmental domains separately, 

total sum for it could be reported under the “total” column. 

 

Activities related to fresh water treatment were not considered as environmental 

activities in the guidelines of statistical agencies and the literature showed that the 

costs for fresh water are only considered as environmental in the calculations of 

non-product output. Leaning towards these statements, costs for fresh water 

treatment and use are excluded from the framework.  

 

As a general structure, environmental costs are divided into costs for treatment 

and prevention, which was also recommended in the theory part. Treatment 

categories consider the costs of controlling and treating all forms of waste and 

emissions after they have been generated. Prevention category considers the costs 

to prevent the generation of waste and emissions. This kind of division 

streamlines the reporting between environmental costs and investments, since 

investments are divided into end-of-pipe and integrated equipment. Typically, 

end-of-pipe equipment treats generated waste and emissions, while integrated 

equipment aims at preventing generation of waste.   

 

The first group of costs for treatment represents external costs that are mainly 

fixed costs and cannot be assigned directly to the equipment or activities. 

Examples to the first group would be costs for labeling, inspection, disposals, 

discharges and taxes. The second group of costs for treatment would then 

represent the costs that can be directly assigned to the equipment in terms of 

operational costs or depreciation. Operational costs would include environmental 

related costs for energy, chemicals, raw materials, personnel, monitoring and 

equipment maintenance.  
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All activities, whose aim is to prevent generation of waste and emissions, should 

be included into the third, prevention category. Examples to this category would 

be environmental management, which includes administrative personnel costs, 

environmental management system and internal auditing. The costs for research 

and development should be reported as its own category, which is also required by 

the statistical agencies. External services should include fees such as payments to 

the consultants and contractors and costs for external auditing.  

 

To the environmental income category should be reported all income that is 

received from selling residuals and from providing services. Residuals should be 

clearly defined and examples would increase the identification of such income at 

the mills. The income from providing services such as waste water treatment 

should be reported, as mills may have higher costs for waste water treatment, 

when providing services to external parties. In terms of internal invoicing, both 

the costs and income should be included or then excluded by both of the parties in 

order to have an accurate consolidated figure at the group level.   

 

Cost avoidance category is important for management purposes to identify 

potential saving targets. This figure however, should not be reduced from the total 

sum, since it would lead into double-counting. The cost avoidance category is 

marked with grey, as the area of these potential savings is complicated and would 

require further examination, how the savings should be calculated.  

 

Literature showed the concept for non-product output, which could be utilized in 

defining and identifying potential cost savings. The non-product output cost 

considers also the costs for raw materials as well as operational costs that have 

occurred in the generation of waste. For example broke, which is paper that does 

not fulfill the quality requirements, can be recycled back in the process for raw 

material. In this case, loss would consider chemicals and operating costs of 

produced broke as well as the costs for treating it back to process.  If less broke is 

produced the savings would be in decreased purchasing costs of chemicals, 

operating costs and broke treatment costs. By reporting of these kinds of savings 
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to business area management, other mills might receive useful information about 

more cost-effective process control.   

 

At mills, production departments are well aware of the quantities of broke, but 

may not be aware of the total costs for it. An example of this could be a fault in 

paper machine resulting in a production of low quality paper. Two actions could 

be taken, fix the fault during the production or run down the machine. In the first 

case, machine will produce broke, in which costs for chemicals and operating 

materials as well as energy will be increased. In the second case, chemicals, 

operating materials and energy will be saved but expenses for running down and 

up the machine will be incurred. In these kinds of situations knowledge of the 

costs for different options would lead in cost-effective decisions. In addition, 

raising employees’ environmental awareness in monetary terms would sharpen 

the focus on cost reduction efforts and could result in cost avoidances.  

 

Environmental investments are classified more specifically than environmental 

costs through environmental domains affected. However, the same four categories 

could have been distinguished as for environmental costs. To streamline reporting 

between environmental investments and costs, equipment invested to improve 

energy efficiency could be included in air emissions abatement. Equipment 

invested to improve beneficial use of waste, chemical management and equipment 

related to landfill could be included in waste management. Furthermore, 

equipment that has decreased water use could be included in waste water 

treatment.  

 

The challenge that considered environmental investments was the estimation of 

the environmental share of indirect environmental investments. The basic 

principle, what is considered as environmental is challenging to draw.  An 

example of this could be “eco- plant”, which recycles pigments used in paper 

coating. This kind of investments decreases use of raw materials and the 

generation of waste. These improvements could also be related to material 

efficiency or production efficiency.   
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So far the recommendation to the challenge considering the environmental share 

of indirect environmental investments would be a database, to which units could 

register investments more specifically described. Then in the future, based on the 

empirical findings some basic principles may be drawn from the similar cases. In 

addition, the database would support the personnel at the mills when seeing how 

others have treated similar types of investments. 
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7 CONCLUSIONS 

7.1 Research Results 

 

The main objective of this thesis was to examine the current state of 

environmental costs and investments reporting at 11 paper mills to discover the 

differences that occur in the reporting. The differences as well as the factors 

causing the differences were examined in order find solutions to further 

harmonize the environmental costs and investments reporting between the mills.  

The theoretical part of thesis was designed to give a comprehensive understanding 

over the topic and to support the empirical research.   

 

Based on the literature environmental costs are costs for prevention, reduction, 

control, disposal and treatment of environmental impacts and hazards as well as 

for documentation of the environmental aspects. In general, environmental costs 

are costs that are caused by an economic activity, which has an impact on 

environment. At company level environmental costs should be defined so that the 

definition would best reflect to the information needs.  

 

Environmental investments are defined as investments, whose purpose is to 

reduce or prevent generation of waste and emissions. Environmental investments 

can be divided into direct and indirect investments. Direct environmental 

investments are mainly end-of pipe equipment that is installed in order to decrease 

the environmental impact after the waste and emissions have generated. In-direct 

investments are investments that are for most part integrated equipment, whose 

primary purpose for purchasing has been other than environmental, but they have 

also a positive impact on environment.  

 

In the empirical part of the study, two types of differences were distinguished in 

the environmental costs reporting such as actual and harmonisable differences. 

The factors that caused actual differences were location and technical features of 

the mills. Actual differences are of an interest of the management, since they 

represent the real difference in costs and investments. However, actual differences 
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were distorted by harmonisable differences. The factors that caused harmonisable 

differences were identification and traceability of environmental costs, 

interpretation and compliance of the instructions and the influence of statistical 

agencies. In order to have accurate environmental cost and investment data, the 

factors causing the harmonisable differences should be taken into consideration.  

 

To identify all relevant environmental costs controller and environmental manager 

should co-operate. All costs were registered in the SAP system, from which 

environmental costs could be distinguished from a certain environment- related 

cost center structure or with a purpose code. To increase the traceability of 

environmental costs, cost center structure could be modified. However it should 

be taken into consideration that the same cost center structure needs to fulfill other 

information needs as well. Another option to increase traceability would be a 

comprehensive use of a purpose code through which environmental costs could be 

tracked from different cost centers. However, a challenge in registering of the 

environmental costs exists, since all the registering personnel may not know what 

costs should be considered as environmental and what not.  

 

The instructions for environmental costs reporting should be compiled in more 

detail to eliminate the misunderstandings. In addition, a modification to the 

framework for environmental costs and investments reporting could be considered 

to eliminate the discrepancies between internal reporting to Group and external 

mandatory reporting to the statistical agencies.  

 

The difference that was discovered in environmental investments reporting 

considered the estimation of environmental share of indirect environmental 

investments. The estimation of the environmental share is challenging at the mills 

and it was done case-by-case judgments by the best knowledge of the personnel. 

In terms of harmonization, all mills should consider similar kind of investments 

by the same share as related to environmental protection. A solution for the 

harmonization of environmental investments reporting could be a database, in 

which units could register the environmental investments specifically described. 
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From the database, similar cases might be identified and based on them 

conclusions and generalization for the estimation could be drawn. 

 

7.2 Comparing the Results to Previous Studies 

 

The results of this study considering the differences in environmental costs and 

investments reporting were similar to the challenges that were discovered in 

previous studies presented in the theory part. The table 17 shows the challenges 

that were identified by the literature and if similar challenges were identified at 

Stora Enso. All of the challenges were not perceived at Stora Enso.  

 

Table 17. A summary of the challenges in environmental costs and investments 

reporting. 

Chapter  Challenges Identified in 

the case  

2.6 Challenges 

considering 

environmental 

management 

accounting  

- Knowledge of personnel 

- Systems for environmental 

management accounting 

- Awareness of EMA 

Partly 

3.3 Challenges 

considering 

environmental 

costs 

- Identification of environmental costs 

- Traceability of environmental costs 

Yes 

3.5 Challenges 

considering 

environmental 

investments 

- Insufficient cost monitoring 

- Estimation of the environmental 

share 

- Different classifications of statistical 

agencies  

Partly 

4.6 Challenges 

considering 

environmental 

reporting 

- Insufficient reporting systems 

- Treatment of costs and investments 

in different countries 

- Voluntary status of the 

environmental reporting  

Partly 
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A challenge related to environmental management accounting was accounts’ lack 

of environmental knowledge and experience. Also the systems were identified to 

be insufficient to trace and monitor all the relevant environmental cost 

information. At the studied paper mills of Stora Enso same challenge considering 

the personnel could have been discovered. However, from the technical point of 

view, the information systems at the studied mills were not identified to be 

insufficient.  

 

Identification and traceability of environmental costs were seen as challenges in 

the literature. Similarly, distinguishing environmental costs from normal 

production costs was seen challenging at the studied mills. Literature presented 

that environmental costs were often allocated to overhead accounts, from which 

costs could not be traced. At the studied mills, environmental costs were allocated 

in many different accounts, from which costs were not traceable in all cases.  

 

Literature presented that insufficient recording of environmental costs to specific 

processes can to lead to incorrect investment decisions. The decision making of 

investments based on the environmental cost information was not studied with the 

mills. However, the challenge considering the estimation of the environmental 

share of indirect investments was seen as a challenge at the mills.  

 

Separate reporting system of Stora Enso was not considered to be insufficient, but 

the reporting process, while many of the environmental costs were manually 

collected from various accounts. In terms of mandatory external environmental 

costs and investments reporting, the study showed that the statistical agencies in 

different countries are treating differently environmental costs and investments. 

An example of this was that only statistical agency of Germany included 

depreciation in the environmental costs and considered equipment related to 

improvements on energy efficiency as environmental.  
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7.3 Further Research 

 

As a further research, the data registering process as well as the cost center 

structures could be examined in more detail at the mills to increase the traceability 

of the environmental costs. In addition, the use of purpose code in practice to 

identify the environmental costs from different accounts could be also further 

studied. The reported environmental costs would be more accurate if they would 

not have to be manually collected from the different cost centers. Ways to 

harmonize collecting and registering of the environmental costs between the mills 

could also be under consideration. 

 

In terms of external environmental reporting, stakeholders are also interested in 

what kind of financial impacts an organization has towards environment besides 

the physical impacts. It is not the same whether an organization spends on 

activities related to environmental treatment or to environmental prevention. In 

general, there is a difference between spending on fines for polluting and 

spending on preventive activities such as research and development. Thus, with 

the respect to the external voluntary environmental costs and investments 

reporting, two separate categories could be considered: one for environmental 

prevention activities and one for environmental treatment activities.  

 

As the objective of internal environmental cost reporting is to support decision 

making and identify the best practices, the reporting of environmental cost savings 

could be further studied. The literature showed the concept of non-product output 

as a solution to identify the potential cost savings. The concept of non-product 

output is applicable if environmental protection activities are seen as a part of the 

main production and integrated. So far the environmental protection is seen as a 

separate item and considered to be a clearly and identifiable addition treatment 

activity. The similar kind of approach was also applied by the statistical agencies. 

Thus, neither Stora Enso nor national statistical agencies consider the costs of 

producing of waste and emissions or non-compliant products as environmental 

costs.  
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The satellite approach to the environmental protection activities leads to a 

contradiction between the reporting of environmental costs and investments. 

Environmental investments include indirect environmental investments whose 

purpose is to prevent of the generation of waste and emissions. On the contrary, 

environmental costs exclude the costs of producing waste and emissions. 

 

The scope and concepts related to environmental protection are changing over 

time. For example investments related to energy efficiency were considered as 

environmental by Stora Enso and national statistical agency of Germany, but not 

the statistical agencies of Finland and Sweden. Nowadays, the interest in efficient 

resource management has increased in relation to renewable energy, climate 

change and recycling activities. In the future, the costs of non-product output may 

be related to environment more directly as a consequence of environmental 

protection in general being an integrated activity highlighting the efficient 

resource use. 
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APPENDICES  

Appendix 1. Classification of Environmental Protection Activities. (CEPA)  

 

1. Protection of ambient air and climate 

1.1. Prevention of pollution through in-process modifications 

1.1.1 for the protection of ambient air 

1.1.1 for the protection of ambient air 

1.1.2 for the protection of climate and ozone layer 

1.3 Measurement, control, laboratories and the like 

1.4 Other activities 

2. Wastewater management 

2.1 Prevention of pollution through in-process modifications 

2.2 Sewerage networks 

2.3 Wastewater treatment 

2.4 Treatment of cooling water 

2.5 Measurement, control, laboratories and the like 

2.6 Other activities 

3. Waste management 

3.1 Prevention of pollution through in-process modifications 

3.2 Collection and transport 

3.3 Treatment and disposal of hazardous waste 

3.3.1 Thermal treatment 

3.3.2 Landfill 

3.3.3 Other treatment and disposal 

3.4 Treatment and disposal of non-hazardous waste 

3.4.1 Incineration 

3.4.2 Landfill 

3.4.4 Other tratment and disposal 

3.6. Other activities 

4. Protection and remediation of soil, groundwater and surface 

water 

4.1 Prevention of pollutant infiltration 

4.2 Cleaning uo of soil and water bodies 

4.3 Protection of soil from eroision and other physical degradation 

4.4 Prevention and remediation of soil salinity 

4.5 Measurement, control, laboratorias and the like 

4.6 Other activities 

5. Noise and vibration abatement  

5.1 Preventive in-process modifications at the source 

5.1.1 Road and rail traffic 

5.1.2 Air traffic 

5.1.3 Industrial and other noise 



 

 

 

 

5.2 Construction of antinoise/vibration facilities 

5.2.1 Road and rail traffic 

5.2.2 Air traffic 

5.2.3 Industrial and other noise 

5.3 Measurement, control, laboratories and the like 

5.4 Other activities 

6. Protection of biodiversity and landscapes 

6.1 Protection and rehabilitation of species and habitats 

6.2 Protection of natural and semi-natural landscapes 

6.3 Measurement, control, laboratories and the like 

6.4 Other activities 

7. Protection against radiation 

7.1 Protection of ambient mdia 

7.2 Transport and treatment of high level radioactive waste 

7.3 Measurement, conrol, laboratories and the like 

7.4 Other activities 

8. Reasech and development 

8.1 Protection of ambient air and climate 

8.1.1 Protection of ambient air 

8.1.2 Protection of atmosphere and climate 

8.2 Protection of water 

8.3 Waste 

8.4 Protection soil and groundwater 

8.5 Abatement of noise and vibration 

8.6 Protection of species and habitats 

8.7 Prtection against radiation 

8.8 Other research on the environment 

9. Other environmental protection activities 

9.1 General environmental administration and management 

9.1.1 General administration, regulation and the like 

9.1.2 Environmental management 

9.2 Education, training and information 

9.3 Activities leading to indivisible expenditure 

9.4 Activities not elsewhere classified 

1.1.2 for the protection of climate and ozone layer 

1.2 Treatment of exhaust gases and ventilation air 

  



 

 

 

 

 

Appendix 2. Environmental cost categories. (UNDSD 2001, 19) 

Environmental cost categories 
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1. Waste and emission treatment         

1.1 Depreciation for related 

equipment 

        

1.2 Maintenance and operating 

material and services 

        

1.3 Related personnel         

1.4 Fees, taxes, charges         

1.5 Fines and Penalties         

1.6 Insurance for environmental 

liabilities 

        

1.7 Provisions for clean-up costs, 

remediation 

        

2. Prevention and environmental 

management 

        

2.1 External services for 

environmental management 

        

2.2 Personnel for general 

environmental management 

activities 

        

2.3 Research and development         

2.4 Extra expenditure for cleaner 

technologies 

        

2.5. Other environmental 

management costs 

        

3. Material purchase value of non-

product output 

        

3.1 Raw materials         

3.2 Packaging         

3.3 Auxiliary materials         

3.4 Energy         

3.6 Water         

4. Prosessing costs of non-product 

output 

        

5. Environmental revenues         

5.1 Subsidies, awards         

5.2 Other earnings         

 



 

 

 

 

Appendix 3. Classification of environmental costs by environmental domain. (IFAC 

2005, 55) 

 

Environment-related cost 

categories 

A
ir

 a
n
d
 

cl
im

at
e 

W
as

te
 w

at
er

 

W
as

te
 

S
o
il

, 

G
ro

u
n
d
w

at
er

 

N
o
is

e 
an

d
 

v
ib

ra
ti

o
n

 

B
io

d
iv

er
si

ty
 

an
d
 l

an
d
sc

ap
e 

R
ad

ia
ti

o
n

 

O
th

er
 

1. Materials costs of product 

outputs 

        

Raw and Auxiliary Materials         

Packaging Materials         

Water         

2. Materials costs of non-

product outputs 

        

Raw and auxiliary materials         

Packaging material          

Water         

Energy         

Processing Costs         

3. Waste and emission control 

costs 

        

Equipment depreciation         

Operating materials         

Water and energy         

Internal personnel         

External services         

Fee, Taxes and permits         

Fines         

Insurance         

Remediation and 

compensation 

        

4. Preventive and other 

environmental management 

costs 

        

Equipment depreciation         

Operating materials, water, 

energy 

        

Internal personnel         

External services         

Other         

5. Research and Development 

costs 

        

6. Less tangible costs         

 

 



 

 

 

 

Appendix 4. Disclosure Format of Environmental Costs (Lee et al. 2005, 244) 

 

 

Activities 

A
ir
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er
 

W
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te
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O
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1. Pollution treatment activities      

1.1 Operation of Pollution Treatment 

Facilities 

(Depreciation, Personnel, Utility, 

Maintenance, External Contract, Others) 

     

2. Pollution Prevention Activities      

2.1 EMS Implementation (Staff Personnel, 

Monitoring, Others) 

     

2.2 Resource Saving and Recycling 

(Depreciation, Personnel, Utility, 

Maintenance, External Contract, Others) 

     

2.3 R&D (Process Improvement, Eco-

Product Development) 

     

2.4 Others      

3. Stakeholder Relation Activities      

3.1 External Relation (Donation and 

Support, Partnership Program) 

     

3.2 Others (Env. Protection, Env. 

Communications) 

     

4. Legal Compliance and Remediation      

4.1 Legal Compliance (Tax and Levies, 

Penalty) 

     

4.2 Pollution Remediation (Remediation, 

Compensation, Others) 

     

Total Environmental Costs      

 

  



 

 

 

 

Appendix 5. Application of EMA framework to a Canadian paper mill. (Gale 2006, 

1249) 

 

Environmental costs A&C Waste WW S&GW N&V B&L R OEC 

1. Waste and emission 

treatment 

        

1.1 Depreciation for 

related equipment 

        

Activated sludge project   x      

PCP replacement  x       

Opacity meter   x      

Cooling basin   x      

Environmental 

laboratory 

  x      

Effluent pH monitoring   x      

Activated sludge 

nitrogen and phosphate 

pumps 

  x      

Effluent system upgrade   x      

Effluent water system   x      

Effluent water supply   x      

Effluent line extension   x      

Parking lot   x      

TMP project   x      

Asphalt pad   x      

Hoc reclaiming paving   x      

Ash landfill  x       

Volvo truck  x       

1.2 Maintenance and 

operating materials and 

services (MOMS) 

        

Air and Climate         

Waste         

Snow removal and 

sanding 

 x       

Wastewater         

Rentals   x      

Vehicles   x      

Lab supplies   x      

Outside services   x      

Lubricants - Oil   x      

Safety supplies   x      

Operating supplies   x      

Major maintenance   x      

Effluent chemicals   x      



 

 

 

 

Environmental costs A&C Waste WW S&GW N&V B&L R OEC 

Energy use at ETP   x      

Soil and groundwater         

Noise and vibration         

Biodiversity and 

Landscape 

        

Radiation         

Other environmental 

costs 

       x 

1.3 Related personnel         

Energy services 

coordinator 

x        

Waste Hawler  x       

Landfill operator  x       

Waste water 

administrator 

  x      

Two electricians   x      

Four meachnics   x      

Pro-rated personnel 

costs for environment 

related laboratory 

analysis 

  x      

1.4 Fees taxes and 

charges 

        

Air and climate: energy 

taxes 

x        

Air and Climate: air 

permit fee 

x        

Waste: refuse permit fee  x       

Waste: PCB permit fee  x       

Waste water: permit fee   x      

Soil and groundwater         

Noise and vibration         

Biodiversity and 

Landscape 

        

Radiation         

Other environmental 

costs 

        

1.5 Fines and penalties         

1.6 Insurance for 

environmental liabilities 

        

2.9 % of total insurance 

prerium for ETP dept. 

only 

  x      

1.7 Provisions for clean 

up costs, remediation 

        



 

 

 

 

Environmental costs A&C Waste WW S&GW N&V B&L R OEC 

2. Prevention and 

environmental 

managment 

        

Air and climate: contract 

for services 

x        

Air and climate: air 

conditioner maintenance 

x        

Waste: contrat for 

services 

 x       

Waste water consultant   x      

Groundwater analysis    x     

Grounwater well 

installation 

   x     

Noise and vibration         

Biodiversity and 

landscape 

        

Radiation         

3. Material purchase 

value: non-product 

output 

        

Raw materials   x      

Packaging         

Auxiliary materials         

Operating materials         

Energy         

Water treatment        x 

4. Processing costs of 

non-product output 

        

Processing sludge waste   x      

Water quality treatment        x 

5. Environmental 

revenue 

        



 

 

 

 

Appendix 6. First part of the questionnaire. General information.  

 

1. The respondent mill: 
 
2. Who participates in reporting environmental costs? (Choose all the compatible options) 
 

 

 
 

 
  
  
  
  2b) If you ticked "Someone else", please define who. 

 
3. Please define all stakeholders, to which your unit reports environmental costs (besides group). 
 
4. Does the reported data differ from each other when reported to different stakeholders? If it does, 
how? 
 
5. Is environmental cost data utilized in operative level? If it is, how? 
 
6. Which information systems are used by the mill for collecting and registering environmental costs, 
besides Hyperion? (Choose all the compatible options) 

 

 
 

  
   
   
   
   6b. If you ticked "Something else", please define what system.  

 
7. Who evaluates the environmental share of the mill's investments? (Choose all the compatible 
options) 

 

 
 

   
     

   
     

 
 

   
    7b. If you ticked “Someone else”, please define who.  

 
8. Is maintenance outsourced in your unit? 
 

  



 

 

 

 

Appendix 7.Second part of the questionnaire.  Environmental costs.  

 

Please, fill under each category all the environmental costs, which have been reported to 

the group in 2012. Define also, whether the cost figure is invoice-based or estimated. In 

case of estimated, please define the base for estimation or present the used calculations.  

 

Main category Sub-category 

1. Taxes, fees including refunds 

and permit related costs 

1.1. Air emissions, taxes and fees (NOx, 

SOx and SO2) 

1.2. Waste to landfill tax and/or fee 

1.3. Water use tax and/or fee 

1.4. Permit costs  

1.5. Waste water discharge tax and/or fee 

1.6. Residuals reuse tax and/or fee 

1.7. Compensations and indeminification 

1.8. Fines 

1.9. Other 

2. Operational costs 2.1. Waste water treatment 

2.2. Air emissions abatement 

2.3. Fresh water use and treatment 

2.4. Waste management 

2.5. Hazardous waste 

2.6. Other operational costs 

3. Administrative costs 3.1. Environmental management 

3.2. Personnel training 

3.3. Environmentally related R&D and 

knowledge management 

3.4. Environmental communications 

3.5. Decontamination, remediation and 

reclamation activities 

3.6. Depreciation 

3.7. Other 

4. Environmentally related 

income 

4.1. Revenues from residuals 

4.2. Residuals cost avoidance 

4.3. Other 

  



 

 

 

 

Appendix 8. Third part of the questionnaire. Investments. 

 

Please, define investments from one year from 2010-2012, in which your unit has 

invested. Select the category to which the investment belongs and whether the 

investment is indirect or direct. In case of indirect, please select the share of investment 

that is environment-related.  

 

Description  Select environmental domain Select 

Type  

Select 

Environmental 

share (%) 

 1. Air emissions abatement Direct or Scale 1-100 % 

 2. Decreased outdoor noise Indirect By 1% accuracy 

 3. Decreased water use   

 4. Improve beneficial use of waste   

 5. Improvements of chemicals 

management 

  

 6. Improvements of energy efficiency   

 7. Waste management and landfill 

improvements 

  

 8. Waste water treatment 

improvements 

  

 9. Others   

 

 

Appendix 9. Fourth part of the questionnaire. Challenges.  

 

  

Here, you can list the main challenges considering environmental cost 

accounting and reporting. In case you have any development proposals, you 

may list them here also.  



 

 

 

 

Appendix 10. Environmental cost classification by Tilastokeskus, Finland.  

 

1. Treatment and 

purification of 

emissions and 

wastes 

Operating and 

maintenance costs  

(Energy, materials, 

labor, lease etc.) 

External operating costs  

To environmental 

business firms 

To municipality or 

government 

Protection of air and 

climate 

   

Waste water 

treatment 

   

Waste management    

Protection of soil 

and groundwater 

   

Noise and vibration 

abatement 

   

Other     

2. Use of preventive 

technology  

Operating and 

maintenance costs 

(increase in costs) 

3. Use of cleaner 

inputs  

Operating and 

maintenance costs  

(increase of costs) 

Protection of air and 

climate 

 Protection of air 

and climate 

 

Waste water 

treatment 

 Waste water 

treatment 

 

Waste management  Waste 

management 

 

Protection of soil 

and groundwater 

 Protection of soil 

and groundwater 

 

Prevention of noise 

and vibration 

 Prevention of 

noise and 

vibration 

 

Other   Other   

4. Other expenses Own labour 

(Energy, material 

etc.) 

External Expenses 

To private 

sector 

To municipality or 

government 

Environmental 

management 

   

R&D    

Decontamination 

and compensations 

   

Liabilities    

Taxes and fees     

Waste tax    

Oil related fees    

Water protection fee    



 

 

 

 

5. Income and cost 

savings 

   

Compensations of 

services from 

external parties 

(from municipality 

or government, from 

another place of 

industry or from 

private organization) 

   

Income from selling 

by-products 

   

Cost 

avoidance/savings 

   

 

 

Appendix 11. Environmental investments classified by Tilastokeskus, Finland.  

 

 Treatment and 

purification of 

emissions and 

wastes 

Process modifications 

to decrease of emissions 

and waste, prevention 

of emissions 

1. Protection of air and 

climate 

  

2. Waste water 

treatment 

  

3. Waste management   

4. Protection of soil and 

groundwater 

  

5. Prevention of noise 

and vibration 

  

6. Other   

7. Energy efficiency Not included, but has a place  

 

  



 

 

 

 

 

Appendix 12. Environmental cost classification by Statistiska Central Byrån (SCB), 

Sweden.  

1. Internal costs  

Use, maintenance, monitoring and control Air 

 Water 

 Waste 

 Others 

General administration, training and information 

Research and Development 

Others 

 Of which personnel 

expense 

2. External service charges and fees 

Use, maintenance, monitoring and control Air 

 Water 

 Waste 

 Others 

General administration, training and information 

Research and Development 

Others 

 

 

Appendix 13. Environmental investments classified by Statistiska Central Byrån, 

Sweden.  

 

 Treatment  Prevention 

1. Air   

2. Water   

3. Waste   

4. Other   

 

 

 

 

 

 

 



 

 

 

 

Appendix 14. Environmental cost classification by Statistisches Bundesamt, Germany.  
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1. Internal environmental costs 

Depreciation         

Taxes         

Personnel 

expenses 

        

Costs for 

auxiliary 

materials and 

consumables 

excluding 

energy 

        

Costs for energy         

Costs for 

external services 

        

2. Municipal 

fees and 

contributions 

(disposal, 

emission 

measurements 

etc.) 

        

3. Other costs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Appendix 15. Environmental investments classified by Statistisches Bundesamt, 

Germany.  

 Additive Integrated 

1. Waste management   

2. Water protection   

3. Noise abatement   

4. Air pollution control   

5. Conservation and landscape   

6. Ground renovation   

7. Climate protection   

7.1 Avoidance of emissions of Kyoto- 

greenhouse gases 

  

7.2 Utilization of renewable energy   

7.3 Energy efficiency and energy 

savings 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


