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Chapter 2 

The environmental monitoring procedures 
of large international companies. 

What is monitored and why. 
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Abstract 

Monitoring is increasingly needed for environmental management. It plays a role in 

developing the corporate environmental strategy, managing the environmental pro

gram, setting the environmental targets and controlling whether these targets are 

met, making environmental management decisions, reporting for legal purposes 

and reporting the environmental performance of the company. For comprehensive 

improvement oriented environmental management an extensive monitoring system 

is needed. Such monitoring should be partly physical and partly financial. The core 

of physical monitoring should consist of materials accounting based on a (simpli

fied) mass balance of inputs and outputs of plants and measurements of non pro

duct outputs. Financial monitoring should be focussing on integrating all environ

mental costs in product costs. The aim of this survey is to find out what is actually 

monitored and why companies are performing environmental monitoring. To 

address these issues investigations were carried out using structured interviews in 7 

large internationally operating companies, that have adopted environmental 

management systems. None of the companies in our survey was using the extensive 

monitoring system needed for comprehensive improvement based environmental 

management. The financial part of the monitoring system was the least developed, 

but also the physical part showed many déficiences. The companies studied have no 

comprehensive policy as to monitoring environmental costs and integrating these 

costs in to product costs. To account for the environmental strategy is the most 

mentioned as the reason for corporate monitoring. All companies are monitoring 

the substances required by law, five companies are monitoring more non product 

outputs than required by law. All companies have regular audits. Companies are 

monitoring infrequently management system results. N o n e of the companies is 

monitoring materials in order to calculate a (simplified) mass balance. One company 

is planning to do so. High uncertainties are possible in several data from the loca

tions and the corporate data. Calculation of the standard deviation of the monito

ring results should be considered to indicate the accuracy of the data. The compa

nies studied are far away from having the extensive monitoring system needed for 

comprehensive improvement oriented management. 
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Introduction 

Monitoring may be defined as the process of repetitive observation for defined pur

poses of one or more objects such as financial or materials flows to a prearranged 

schedule over space and time. 

Monitoring the business activities in a company serves several purposes for exa

mple, process management, compliance with previous formulated standards, 

externally directed financial accounting, and internally directed management 

accounting (e.g. cost accounting) (Needles 1991, Leeuwen 1995, Jönsson 1996). The 

monitoring activities are also needed for decision making. Recent literature suggests 

that significant changes in existing monitoring and accounting techniques and prac

tices are necessary to meet decision-making requirements of managers. (Kaplan 

1994, Sweeting, 1995). This also holds for monitoring in the environmental field. 

Usually accounting techniques used do not provide ES&H (Environment, Safety, 

Health) managers with the cost data and business process information required to 

make informed and timely decisions (Brandt 1998 a,b). It has been suggested that 

Activity Based Costing (ABC) may be a solution (Turney 1992, Sweeting, 1995). 

ABC is an analytical approach to cost accounting, ABC links activities to costs by 

detailed analysis of cost drivers. 

In the last decade a large number of companies have taken up environmental 

monitoring. Development in legislation and external criticism on the environmental 

performance of the companies have been a factor in this development. Also the 

growth of environmental costs for example clean up-, liability-, shutdown costs 

(Surma 1992) and environmental investments have been an impulse to this develop

ment in monitoring. 

Audits are part of the environmental management systems and may be used as a 

control instrument. Audits provide the organisation with the information to regula

te itself and correct problems (Welch 1997). Thomson (1994) states that environ

mental audits should be part of the monitoring program to demonstrate clearly that 

the commitments made to control adverse environmental impacts are effective. In 

this study we consider audits as a part of monitoring. 
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Environmental monitoring 
Monitoring is increasingly needed for environmental management: developing the 

corporate environmental strategy, managing the environmental program, setting 

the targets and controlling whether the targets are met, making environmental 

management decisions (Epstein 1996), reporting for legal purposes and reporting 

the environmental performance. Establishing the actual environmental performan

ce over time (the trend) is important in monitoring. A company can monitor its envi

ronmental performance in a number of different ways. Monitoring may focus on 

compliance with existing internal standards and applicable regulations or on 

amounts of emissions. It may also deal with eco-efficiency and environmental costs 

(Eagan 1997). Welch (1997) uses two models of environmental management sys

tems (EMS), the compliance- based EMS and the continuous improvement based 

EMS. For the compliance based EMS monitoring is focused on environmental sys

tem results (i.e. releases and permit violations) and operating results (i.e. waste per 

unit of production). For the improvement based EMS monitoring is also focused 

on environmental system results and operating results but furthermore on manage

ment system results (i.e. organisation, reporting, planning). Environmental com

pliance audits are used for the compliance based EMS as a measurement tool, for 

the improvement based model the compliance audits are also used and furthermore 

EMS audits. 

For comprehensive improvement based environmental management an extensi

ve monitoring system is needed. Such monitoring should be partly physical and 

partly financial. The financial accounting should be focused on integrating all envi

ronmental costs in product cost. The core of physical monitoring should consist of 

materials accounting based on a (simplified) mass balance of inputs and outputs of 

plants and measurements of non product outputs. The latter is in line with findings 

in New Yersey (1993) as to establishing a more comprehensive picture of actual 

and/or potential pollution prevention. For the non product outputs a monitoring 

strategy must be established aimed at results with low standard deviations. To achie

ve physical data with a low standard deviation a proper system of sampling, analysis 

and measurements including the frequency of measurements should be established 

(Ward 1986, Rose 1992). Calculation or estimates of the non product outputs 

should preferably be avoided. For obtaining corporate data, corporate monitoring 

procedures and directives must exist and a system to control and support the site. 
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Otherwise the different sites may handle different definitions and generate incom

patible results of monitoring. Verifying of the monitoring results can be executed by 

internal or external (environmental) auditors and / or accountants. Minimally the 

environmental management procedures have to be verified (ISO 14001). Self -

audits and internal audits should be also included in the monitoring strategy. 

External audits provide additional benefits (Epstein 1996). 

The current status of environmental monitoring is unclear. Epstein (1996) states 

corporate environmental information is not generally available, the most common

ly available information relates to physical information on waste production, toxici

ty, and waste reduction but most companies did not have accurate data even in this 

area. 

The aim of this survey is to obtain further information as to why companies are 

performing environmental monitoring and for which purposes. We studied also on 

which level is monitored and how the results are obtained, used and controlled. To 

address these issues investigations were carried out using structured interviews in 7 

large internationally operating companies that were known to have a developed 

environmental management system. 

Method 

The study was carried out with structured interviews, from May until September 

1998. We selected seven large international companies (table 1). Criteria for selec

tion were: large international company, a developed environmental management 

system, described monitoring results, the headquarters or large business unit in or 

close to the Netherlands. The criteria, large international company and a developed 

management system were intended to be sure that the company had experts in the 

field of the research project. Initially 8 companies were selected. After selection of 

the company a member of the management or the director of the environmental 

department was informed about the research project by phone. Afterwards the 

questions of the interview were faxed and the company was asked to select one or 

more experts on the subject. All except one company (for reasons being short of 

time) co-operated. 

In 4 cases the corporate environmental department was interviewed, in 3 cases 
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the environmental department of a production location. When present, written 

material was collected (company environmental report, monitoring procedures). 

The interviews were executed at the company and took about two hours. In all cases 

more information was obtained by a second interview at the company or by phone. 

When needed the questions were asked in several ways to probe the subject of the 

question to the bottom and to be sure the answers were reliable. The interviews 

were recorded, transcribed into a written text and sent back for comment, to be sure 

there was no misunderstanding. The interview texts were finalized on the basis of 

these comments. Most comments were very minor, except one. 

The interview was structured into four parts with open questions (table 2). The 

first part was intended to obtain insight into the environmental organisation. The 

second part focused on the monitoring. The third part was meant to get insight into 

how the results of monitoring are used. And the last part focused on the audit. 

table 1 

participating companies 

1. Océ 
2. DSM,N.V. 
3. Akzo Nobel 
4. ICI 
5. Shell 
6. Cytec Industries Inc. 
7. Unilever 

table 2 

Interview 

part 1 - Environmental organisation 
1 How is the environmental organisation set up. 

part 2 - Monitoring 

2. What are the reasons for corporate monitoring (internal/external) non-

product outputs, product outputs, inputs and throughput. 

26 



Monitoring (non - product output) 

3. Is monitored on a corporate level. Is every site in every country 

monitored for air/ water emissions and wastes. 

4. Do you have procedures for monitoring and controlling. 

5. Do you monitor the air/ water emissions and wastes of a site or also the 

emissions and wastes of processes. 

6. What kind of air, water emissions and wastes are monitored only the 

legal described ones or also other substances. Why. Are the monitoring 

procedures the same for all your sites in the different countries. 

7. What is the frequency of monitoring. 

8. How are you monitoring in the case of process modification. 

9. Are you monitoring the air emissions after end of pipe technology and 

waste water after treatment or also before. Why. 

10. Do you have problems with monitoring. Do you want to improve your 

monitoring. 

Monitoring (materials / product/ processes) 

11. Do you monitore inputs, outputs, throughputs for material accounting. 

Which materials are monitored, why. How are you monitoring. 

12. Are you monitoring the energy and water consumption. 

Costs 

13. What is monitored for accounting the environmental costs 

part 3 - Results of monitoring 
14. How are you collecting the data of monitoring of your different sites. 

15. What is the quality of the different data. 

16. Are the results of monitoring calculated for a corporate result. For which 

emissions, wastes and materials are corporate results calculated. What is 

the frequency 

17. Are you using the results of the monitoring for legal reporting or /and 

environmental management or also for other purposes. 
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part 4 - Audit 
18. Are you using environmental audits, if so why and what is the frequency. 

19. How are you using the audit results. 

Results 

The results from the interviews are given below. The text is arranged following the 

sequence of the four parts of the interview. A summary is to be found in table 3, 4 

and 5. 

Company 1 ( Océ workforce 17.000) 
The company is active in graphic technology and has business units in more then 30 

countries. The information used is derived from written material and an interview 

with the head of the safety and environmental department at the headquarters in the 

Netherlands. 

part 1) The company has no integrated corporate health, safety and environmen

tal department but at the headquarters there is a department for product safety and 

environment. The company has a corporate policy for health, safety and the envi

ronment. 

part 2) The company is planning to introduce corporate monitoring. Target is 

corporate monitoring and a corporate environmental report in 1999. Stated is that 

every site monitors at least one air and water emission and wastes, but how and what 

is monitored and the frequency of monitoring is dependent on the site, the country 

and legislation. Air emissions in the Netherlands are monitored four times a year 

(measurements). The minimum monitoring target is to meet legislation. What is 

monitored is influenced by legislation and costs. Procedures and directives for 

monitoring and controlling are given by the headquarters for all the sites. The 

responsibity for monitoring lies at the production site. For instruction as to the 

directives of monitoring the sites are visited by specialists from headquarters. In the 

Netherlands and the U.SA. monitoring takes place on a site and process level. When 

it is important for a process modification the measuring frequency is increased. 

There is a problem with the waste amounts, some of the waste amounts are calcula

ted out of the waste volumes. It is planned that in the near future all the waste is to be 

weighted. Target is to monitor processes for a complete material accounting, input 
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and output (product and non product). This is to be started in 1999. Stated is that to 

monitor for a complete material balance gives no technical problems in the 

Netherlands. The same holds for the USA. In the other countries monitoring (input 

and output) is so far not always a priority. In the Netherlands energy and water con

sumption are measured continuously. The site in the Netherlands reports the results 

of energy and water consumption every month on a process level. The sites in the 

USA monitor energy and water consumption also. Sites in other countries don't 

monitor energy. 

Specific environmental costs (activity, process, product) are not monitored. 

part 3) The monitoring results (results from audits and reports) from the sites in 

the Netherlands are collected at the headquarters. Headquarters receives the moni

toring results from several other sites, just for information. The sites in Europe are 

visited by experts from the company, but the results are not collected. 

Not all the data related to non product outputs are obtained from measurements. 

Some of the data are calculated from purchasing data and waste amounts (or waste 

volumes). The headquarters use the monitoring results from the sites in the 

Netherlands for legally required reporting, environmental management and an 

environmental report. The USA sites use the monitoring results for the same pur

poses. A corporate environmental report is not published. 

part 4) The sites in the Netherlands are audited by internal and external auditors 

several times a year, control takes place on the procedures of the environmental 

management system. In the USA the sites are audited by an internal auditor, for the 

other sites audits have to be developed. The audit results are used for improvement 

of the environmental management system. 

Company 2 (DSM workforce 17.000) 
The company out of the chemical industry has its production sites mainly in Europe 

and the USA. The main production sites and the headquarters are located in the 

Netherlands. The company is organised in 13 business units. The information used 

was collected by written material and an interview with the manager of Corporate 

Safety, Environment Health & Technology Department at the headquarters. 

part 1) The corporate Safety, Environment Health & Technology depart

ment at the headquarters and every business unit have a small HSEQ (health, safety, 

environment and quality) staff (one person), the same holds for the production 
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units. The business unit staff 'translates' the corporate policy for the business unit, 

co-ordinates and stimulates and advises. 

part 2) The main reason given for corporate monitoring is the responsibility of 

the supervisory board for the company as a whole. It is stated that effective supervi

sion is only possible with monitoring. Environmental monitoring is stated to have 

relations with the image of the company, publicity, the environmental burden and 

the safety of the employees. A goal for environmental monitoring is to comply with 

legislation and to enable environmental management. The company uses a list of 

substances (priority substances list) of which the emissions have to be reported by 

every site. Monitoring of some of these substances is also legally prescribed. 

There are corporate procedures (directives) for monitoring, controlling and repor

ting. Mosdy monitoring takes place on a site level, in some cases processes are moni

tored. The environmental department does not give directives for monitoring on a 

process level, because it is stated that the legally environmental permits apply to the 

site. The frequency of monitoring depends on legislation, the substances, processes, 

end of pipe technology and sites. Some non product outputs are measured conti

nuously, some daily. In case of a process modification plans for the modification 

have to be reviewed by the project management with regards to the effects on safety 

and environment in order to be sure the corporate policy is fulfilled. In some cases 

the waste water is measured directly before treatment, these data are needed for pro

cess management, and also after treatment in order to account for the waste water 

costs. The same holds for the emissions to the air. There are some problems with 

monitoring and the definitions of what has to be monitored with business units 

outside Europe and North America. It takes time for those business units to get 

used to the procedures and definitions. 

The company states that monitoring for a material balance (input, output, through

put) and process efficiency belongs to the management of the economic aspects of 

the company not to the environmental management, except monitoring for energy 

efficiency. Material accounting and making a simplified mass balance is not a target 

for environmental monitoring. For several processes material balances are impossi

ble because the amounts of the components of the waste are not measured. The 

monitoring requirements for waste are legally oriented and dependent on the desti

nation of the waste (dump, recycle or incineration). 

Only in case that the composition of the waste is needed to determine the destina-
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tion of the waste the composition is analysed. In case of a waste and emission 

reduction program, per location the quantity of the waste, where the waste is 

coming from and the destination (incineration, dump, recycling) is monitored. In all 

the European and American sites energy is measured continuously on a process 

level. 

Environmental costs associated with waste and, waste water are measured or (some

times) estimated. These costs are integrated into the product costs. In order to do so 

the company developed an internal rate structure to divide the costs among the sites, 

part 3) Once a year the monitoring results from the sites have to be reported to 

the corporate environmental department. Corporate results are calculated for a 

yearly corporate environmental report. Which results are published is for a large 

part determined by the Responsible Care Program, CEFIC policy (CEFIC is the 

European branch organisation of the chemical industry) and Dutch environmental 

legislation. The R & D department calculates the air emission data out of input and 

product / non product output data. Also one location calculates air emissions out of 

input and non product /product output data. This can give rise to problems due to 

small emissions relative to large quantités of input and output. 

The internal accountants have to control the environmental data. It is stated that it 

takes some time for the accountants to get used to other data than financial data. 

The company states environmental data are not always exact, sometimes the data 

are a best guess. But the data have to be reliable. It is stated that at the moment the 

quality of the data is no longer a problem. The company has also an external con

troller, an environmental accountant who controls the environmental management 

and procedures on 5 locations a year. Environmental management is the target for 

monitoring a site. 

part 4) Audits take place every three years. Every site reports the audit results to 

the headquarters in the Netherlands. The main reason to execute an audit is control. 

Targets for collecting the audit results from all the sites are benchmarking, review 

the corporate policy (once in three years), bring up to date the corporate directives 

and to control whether the targets are met. 

31 



Company 3 Akzo Nobel (workforce 70.000) 

The company is active in pharma, coatings, chemicals and fibers. These four groups 

are organised in about 25 business units. These business units have at total about 250 

production locations mainly situated in Europe and the USA. Headquarters are 

located in The Netherlands. The information used was derived from written mate

rial and an interview with the corporate director Safety and Environment. 

parti) The four groups have there own HSE (Health, Safety and Environment) 

staff, the business units do not. The management of the locations is responsible for 

the HSE management of the location. Every location has its own HSE functionary. 

part 2) The reason given for corporate monitoring is to realize openness for sta

keholders and to take responsibility for the executed environmental strategy. The 

company has a corporate safety and environmental policy, with directives and pro

cedures similar for all the locations. The same holds for monitoring. For example all 

locations have to work with an environmental management system according to 

ISO 14001. The reason for monitoring the locations is to control the environmen

tal management system, and to establish the environmental performance and 

whether there is compliance with legal requirements. The corporate strategy is to 

direct and control the production locations not the business units. Monitoring on 

the level of the business unit is not executed, all the data are present but not all the 

business units are used to it. Furthermore all production locations are obliged to 

report their environmental performance. According to the requirements of ISO 

14001 every site has to develop a program to improve its environmental performan

ce. Monitoring can take place on a process or site level. The headquarters receives 

only the site results. At all locations at least the emissions into water and air and waste 

according to the reporting requirements of CEFIC are monitored. The frequency 

of monitoring and what is monitored furthermore depends also on the legal requi

rements of the location. The site can measure more, dependent on environmental 

management demands and process management. When a modified process is instal

led monitoring is as usual. Monitoring is executed before and after end of pipe tech

nology. Which data are destinated for corporate monitoring (before or after treat

ment) is defined by the borders of the site. For example if the waste water treatment 

is located outsite the borders of the site the data are derived from monitoring befo

re treatment. The rapidity of receiving the data at the headquarters can be improved. 

This has also a relation with the monitoring frequency. It is stated also that there are 
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no monitoring problems with the locations outside Europe and the USA. 

Inputs, throughput and outputs of processes are monitored for process manage

ment and environmental reasons, not for making material balances. The company 

states material accounting must include the whole chain and also include suppliers 

and customers of the product. Energy and water are measured continuously at the 

European locations. 

The company states that accounting specific environmental costs of products is 

nearly impossible. As to business management some environmental costs are moni

tored. 

part 3) All the sites receive from the headquarters the same requirements for 

data, mentioned in the CEFIC reporting requirements, at the same time. The data 

from all the production locations are sent to the groups, the added data are sent to 

the headquarters. Every year a corporate environmental report is produced. Many 

sites are publishing their own environmental report. It is stated that there are no 

problems anymore with the quality of the data. When it is impossible to measure the 

emissions, as in the case of a lot of small emissions into the air at the pharma- and 

sometimes at the coatings- group, emission data are calculated out of the input and 

output data. In this case the amounts of the materials in the waste have to be known. 

The components of the waste are not measured in every case. 

part 4) Every location is HSE audited as a minimum once every five years by 

auditors from another business unit with a checklist and a scoring report. In this 

audit the main objects are the HSE management procedures, compliance with regu

lations, the performance and whether the targets are met. The audit results are sent 

to the corporate safety and environment department and to the board of directors. 

The audit results are compared with earlier results. The audit results are used to con

trol whether locations are in compliance with legal requirements, but mainly if the 

environmental management system works: are they doing what was said to be done. 

External auditors are seldom used. Recendy the internal accountants are also veri

fying the relialibity of some at random taken samples of data. How to verify the data 

by the internal accountants is not embodied in directives or procedures. The loca

tions also have their own audit. These audits are executed with a higher frequency 

than once every five years. The results of these audits can lead to an update of the 

HSE location policy or an improvement programme. According the corporate stra

tegy the business units have to include in the audits the suppliers and products. 
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Company 4 ICI (workforce 64000) 

The company belongs to the chemical industry and has 200 sites in more than 30 

countries. The information used is derived from written material and an interview 

with a senior process engineer of the environment group at the site in the 

Netherlands. 

part 1) The company is working with an environmental management system inte

grated with a health and safety system. The headquarters have a safety, health and 

environmental (SHE) department. The sites have their own SHE departments. 

part 2) The reason for corporate monitoring is to account for the performed 

SHE strategy to all the stakeholders. The company developed and introduced the 

Environmental Burden (EB) system (Environmental Burden Internal Report, 

Wright 1998). To the EB system belongs a list of the reportable substances. Every 

site is obliged to measure and report the emissions of the substances listed to air and 

water. Also monitored are the substances of which reporting is required by law and 

parameters, for example in water chemical/biological oxygen demand and nitrogen 

compounds. The air emissions are measured for every process. Legally reporting is 

usually required on a site level. The frequency of measuring is dependent on the pro

cess and what is legally required (this is site and country dependent). Monitoring can 

be changed after a process modification dependent on the legal requirements. The 

sites remain responsible for such change. The emissions are reported after end of 

pipe technology when the end of pipe technology is inside the border of the site, the 

same holds for the data in the corporate environmental report. It is stated that there 

are no problems with monitoring. This holds also in the countries outside the 

Netherlands. When problems exist with monitoring or analysing samples, the sites 

get support from the business units. 

Material balances of processes are unusual. The process measurements, (input, 

throughput, and output) are used for process management. Energy and water are 

measured on a process level. (Most of the water is process water derived from sur

face water.) 

Water emissions costs are passed on to the processes. Environmental management 

and process management are separated, they have separated databases and even a 

different organisation for analysis. The quality control (QC) laboratorium analyses 

the samples for process management, the environmental control (EC) laboratorium 

analyses the specific environmental parameters. The separation in control is caused 
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by the organisation of the company and the corresponding accounting of the costs. 

As for example waste water treatment is considered independent of the production 

it is felt the QC laboratorium can not be used for measuring environmental parame

ters of waste water. Some measurements are used both for environmental manage

ment and process management. This applies for example some measurements of 

waste water before waste water treatment. If the sample comprises to high quanti

ties of substances a change in process management is needed. 

part 3) There are corporate directives and procedures as to the collection of data. 

The sites send their data to the business units, the business units aggregate the data, 

these aggregated data are sent to the headquarters in London. The business unit also 

uses the monitoring results for internal benchmarking. The site data are furthermo

re used for monthly reporting of the compliance with the permit requirements to 

the business unit, for legally required reporting, and for paying the environmental 

taxes. The business units collect all monthly reports. Stated is that even the best 

methods to analyse substances can have a large standard deviation (20 - 30 %). Also 

sampling and the sampling method introduces uncertainties. Input and product 

output amounts are most of the time very large, emissions are low. Several times the 

data of the analyses have to be multiplied by very large factors. Furthermore emis

sion data are sometimes derived from grab sampling, this will lead to high uncer-

taincies in the data. Furthermore there are still some data not based on measure

ments but on estimates. During the last five years the quality of analysis is impro

ving. This is also due to legal requirements. The process emissions and in and output 

data are always measured. Calculated data for example are the losses due to evapora

tion during loading and unloading. Results of corporate monitoring are safety data, 

number of accidents, number of fines, water, energy, air emissions, % compliance 

with legal requirements, waste and Environmental Burden data. Once a year these 

data have to be reported, a corporate environmental report is published. There is 

also an intermediate report for internal corporate use to control the progress of the 

environmental strategy implementation. 

part 4) External audits are not executed, internal audits are. Once every three 

years audits are performed by members of the SHE group from another site. 

Objects of audits are, the company's standards and objectives reached. The stan

dards are the corporate directives, 104 guidelines, and the SHE management pro

cedures. The objectives are described in the environmental report. The procedures 
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for controlling are checked not the performance. The audit results are sent to the 

business unit. The business unit controls whether the recommendations are execu

ted. The company does not use internal accountants for controlling. 

Company 5 Shell (workforce 105.000) 
The company belongs to the chemical industry active in oil, natural gas, coal, chemi

cals and renewables. The company has 5 business organisations and many locations 

in more than 130 countries. The site visited, a large complex in the Netherlands 

(workforce + / - 30.000), has an oil and chemicals business. The information used 

was derived from written material and an interview with the head of the environ

mental department. 

part 1) All business organisations have a Health, Safety and Environment (HSE) 

department. A corporate HSE department sets the HSE policy and directives which 

through the business organisations is cascaded down to the locations. The environ

mental policy and activities of the site are based on these directives and the local 

legal requirements. The role of the business organisations is to check that the poli

cies and directives are implemented on their locations. 

part 2) The reason for corporate monitoring is to check if the HSE strategy is 

executed. Monitoring is used to control the environmental performance based on 

the data. Every site is monitored. The monitoring requirements of the environmen

tal department are integrated in work instructions. What exactly is monitored 

depends on legal requirements, but for quality reasons monitoring other materials in 

excess of legal requirements is possible. The processes are monitored for process 

management. The results of the analyses of the process- and waste water samples 

have to be within certain limits, otherwise the process must be adjusted. Problems 

during operation of the plant that may give rise to an environmental impact, are 

resolved by the operator of the plant. The environmental department of the site liai

ses with the local authorities. The frequency of measurements differs, depending on 

legal requirements and process requirements. Some measurements for example of 

sulphurdioxide are executed continuously. After a process modification monitoring 

is adjusted. In the R&D phase of the modification is determined what has to be 

monitored. Waste water is monitored before and after the waste water treatment, 

before for process management reasons and after for legal reasons. Air emissions 

are most of the time monitored after end of pipe technology. There are still pro-
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blems with monitoring caused by different definitions and instructions in the diffe

rent countries. There is a possibility to analyse the samples in a certified laboratory. 

Process efficiency and management are the reasons for calculating material balan

ces. For environmental reasons a material balance of sulphur is calculated, to deter

mine the optimal fuel mix for heating The components of waste are not analysed. 

Monitored is the amount of waste destined for recyling and reuse. Inputs of energy 

and water are monitored for every site. 

The costs of energy are high for the different sites. The costs for waste and waste 

water are calculated and passed on to the sites. It is not always possible to calculate 

the waste water costs, because many plants drain on the same waste water treatment 

plant. Other environmental costs are not monitored. This is caused by the lack of a 

clear definition of environmental costs. The company states that it is difficult or 

impossible to determine the specific environmental costs. 

part 3) All the sites are reporting to the business organisations, the business 

organisations send the data to the corporate department. Non product outputs that 

are continuously emitted in to air and water emissions, which can be measured, are 

measured. The discontineous emissions are usually calculated. Some data have high 

standard deviations or are a best guess. The monitoring results are used for a yearly 

corporate report. Which data are published in the yearly environmental report is 

defined by the company. Data which have a major impact on the environmental per

formance are published. The verifier of the environmental report checks if what is 

published agrees with the actual environmental performance. The business unit also 

uses the results for a yearly environmental report. The sites publish their own 

report. Furthermore the results are used for environmental management. Another 

reason for monitoring is benchmarking of the sites. A site can compare its HSE 

results with other comparable sites and with a mean site result. 

part 4) Audits are used for controlling the environmental management system. 

The reason for a business audit (once per 5 years) is to control whether the perfor

mance of the sites is in accordance with reporting. The corporate HSE department 

is not performing audits. The site audit, twice per year on a specific subject is direc

ted to the control of the procedures, results and compliance with permit require

ments in order to get the required performance of the environmental management 

system. There are also audits executed by external auditors. External accountants, 

environmental and financial, check the achieved data of the sites relating to their 
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main environmental impacts. The environmental accountants report to the financial 

accountants. Because of the absence of international standards for environmental 

controlling, the instructions for the acountants were developed together with the 

environmental department of the site based on instructions for financial accounting 

and controlling. 

Company 6 (Cytec workforce 5000) 
The company belongs to the chemical industry and has 19 sites, most of the sites are 

located in the U.S.A. The company is organised in 5 business units. The information 

used was collected out of written material and an interview with the environmental 

engineer of the site located in the Netherlands (workforce + / - 250). 

part 1) All the sites have environmental-, risk-, health and safety (ERHS) depart

ments. The corporate (ERHS) department is located in the USA. The business units 

do not have environmental-, risk-, health and safety departments. The corporate 

department advises. 

part 2) Monitoring is executed only on a site level. Neither the business unit nor 

the corporate department are monitoring. Legal requirements are the main reason 

for environmental monitoring. There are no specific corporate requirements and 

procedures for monitoring apart from a corporate requirement that every site has to 

fulfil legal requirements. Every site has its own procedures for monitoring. Not all 

the procedures are described in the environmental management system. The diffe

rent sites can have very different monitoring procedures caused by locally different 

legal requirements and by different products produced by the sites. The site visited 

has a procedure for waste and work instructions for monitoring the waste water, 

how to handle the waste, what to measure in the waste water and how frequently. 

This is embedded in a computerprogram. The work instructions on how to monitor 

are based on the legal requirements as to the site. Monitoring is also executed for 

process management. Sometimes monitoring is executed for both objects, process 

management and environmental, for example as to the input of the waste water tre

atment. When certain limits to the input of the waste water treatment plant are 

exceeded the process has to be adjusted. 

The only air emission measured is acrylonitril, and that only occasionally. The air 

emission was measured after end of pipe technology (scrubber). The other emis

sions to the air to be reported due to legal requirements (carbon dioxide, NH3, an 
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aromatic hydrocarbon, an alcohol, epichlorohydrine, iso-octane) are calculated out 

of the purchased materials, stock and process characteristics. The company expects, 

in the near future, to measure more air emissions in order to fulfil the requirements 

for the new environmental permit. In waste water more materials are measured, the 

effluent of the waste water treatment plant is measured on a site level. The compo

nents of waste are not measured. Measurements in waste are only executed when 

necessary to fulfil the legal requirements. 

In the case of process modification monitoring may be changed due to legal rea-

sons.Before constructing a new plant a new permit is required. The new permit may 

hold monitoring requirements. Stated is that there are no problems with moni to

ring. The site wants to improve the monitoring and measure instead of calculate 

more air emissions. 

Material balances for environmental reasons are not executed. The quality of the 

raw materials and products is analysed in the laboratory, also to control if the custo

mers requirements are fulfilled. The site visited also monitors energy and water on a 

process level. 

The monitoring results of the influent of the waste water treatment plant are also 

used for calculation of the costs to the process. The site is developing monitoring of 

waste and waste water in such a way that the costs can be attributed to the product. 

This is expected to be implemented in 1999. Other environmental costs are not 

monitored. Environmental investments are not specified as environmental costs. 

part 3) The sites may publish their own environmental report . A corporate or 

business unit environmental report is not published nor intended to be published. 

The site visited publishes a yearly internal report with some qualitative environmen

tal information. Monitoring data are used for developing an environmental (year) 

program and targets. The total numbers of non compliance with permit require

ments have to be reported to the corporate department. Stated is that there is no 

problem with the quality of the data. However standard deviations are not calcula

ted. 

part 4) Every site is audited every three years. The audit, extensive and detailed, is 

required by the corporate department. Internal and external (technical) auditors are 

coming from the corporate department and consultancies. The reason for the audits 

is advising and controlling. The audit objectives are verifying the documentation, 

controlling the environmental management system, the environmental program 
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and the compliance with the permit. Also a control of the data and measurements 

are included in the audit. Environmental accountants are not used. The audit results 

with recommendations for improvement are sent to the management of the sites. 

The results are confidential. The site is not acquainted with the results of the other 

sites. 

Company 7, (Unilever N.V., workforce 270 000) 
The company operating in the consumer goods and services market is organised in 

12 Business Groups, 2 categories (Food and Home & Personal Care) and about 500 

sites in 88 countries. The information used is derived from written material and an 

interview with the environmental manager of the Business Group 'Foods ' at the 

head office. 

parti) The company has a corporate Environment Group developing the envi

ronmental policy for the company. The Corporate Environment Group is compo

sed of representatives of the Business Groups, categories and experts. The catego

ries are responsible for the long term strategy. There are environmental directives 

for the whole company from the board. Minimal standard is an environmental 

management system (EMS) according to BS 7750 (in the future ISO 14001). Every 

site has to comply with this requirement. The Safety, Health and Envi ronment 

Advisory Committee helps to implement the policy in the whole company. A pro

fessional organisation, the Safety and Environmental Assurance Center, (a research 

and innovation center) advises the company. Some of the Business Groups have an 

Environmental Steering Group which is responsible for 'translating' the corporate 

environmental policy for the Business Group. In absence of an Business 

Environmental Steering Group the sites are developing their own strategy. The way 

in which the corporate environmental policy is implemented is the responsibility of 

the Business Group. 

part 2) The reason for the corporate monitoring is to provide the necessary envi

ronmental information for the board. Every site is monitored. There are no written 

procedures as to how to carry out the monitoring. Due to the relevance for the envi

ronmental impact of the company 8 parameters have to be reported, C O D 

(Chemical Oxygen Demand) emitted to sewer/surface water, hazardous waste, non 

hazardous waste, use of potable / n o n potable water, energy, S O x emissions and 

compliance with legal requirements. The physical parameters also have to be repor-
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ted per ton product. 

The sites are monitoring at least what is legally obliged and the parameters required 

by the company. The monitoring frequency is at least the frequency obliged by per

mit requirements. What has to be monitored is also dependent on the legal defini

tion. For example for hazardous waste the definition of hazardous waste is different 

among countries. There are corporate work instructions as how to measure COD. 

Process management is most of the time the reason given for monitoring the pro

cesses, sometimes processes are monitored to develop for best practice standards. 

For some products LCAs (Life Cycle Assessments) are developed, for these pro

ducts environmental best practice standards will be developed. It is stated that at the 

corporate level only data are required from the sites which are necessary for develo

ping the environmental strategy. In order to modify a process in the R& D phase the 

energy requirement, waste, and water use of the modified process are investigated 

as to the matter whether these parameters are in accordance with the permit. The 

waste water data published in the company's report are data about the waste water 

leaving the sites. Obviously these data depend on whether there is a waste water tre

atment on or off the site. It is stated that the corporate department will not and can

not control the way the sites gather the data: the site is responsible. The company 

states it is difficult to formulate the questions about monitoring in such a way it is 

clear for every site in every country. 

For nearly every site a water balance is calculated. Material balances take a lot of time 

and effort. Infrequently material balances are calculated for process management 

and efficiency reasons. 

The company is developing Activity Based Costing (ABC) for costing the products. 

Rules calculated out of the ABC at the sites divide the costs of energy, water, waste, 

and waste water among the products. The environmental process data used for ABC 

may be measured or calculated. ABC accounting is or has to be implemented in 

every site. Stated is, that it is not known whether every site is executing these calcula

tions. Some costs are still calculated as overhead costs (total costs accounting is not 

executed). It is stated that it is difficult due to definitions to calculate the environ

mental investment costs. Also environmental management costs are not calculated, 

part 3) For gathering the data, questionaires are sent to all the sites. The sites are obli

ged to answer all the questions. The data from the sites are gathered once a year by 

two Business Groups. In the near future the sites have to send the data to their own 
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business group. At the site level COD or corresponding parameters are measured 

most of the time. Whether the components of waste are measured is stated to be 

unknown. SO2 emissions are calculated out of the sulphur in the fuel. For some pro

cesses the parameters are measured infrequently and some are calculated. The quali

ty of some data can be improved. For example on some sites COD might be meas

ured more frequently. The standard deviations estimated for the corporate parame

ters are for energy and water + / - 5%, and for waste 10 %- 15 %. The results are 

published in a corporate environmental report (once every two years). The Business 

Groups and sites are using the results to evaluate their performance (per ton pro

duct). 

part 4) The business groups are executing site audits once every three years. The 

sites are audited by environmental managers of other sites. These audits are focused 

on the EMS. The frequency of the internal site audits differs. The internal audit is 

usually also focused on the EMS. It is stated that due to a lack of performance stan

dards a performance audit of the site is unusual. Internal and external accountants 

are not used. An external verifier controls the environmental report. Part of the veri

fication can be to check the procedure for gathering the data. The results of the 

audits are used to control if the corporate strategy is carried into effect. 
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table 3-a 

Summary of the results, questions 2,3,6,11. 

Company reason 
corporate 
monito-

reason 
monito
ring 

reason 
monito
ring 

npo 
monitored 

simplified 
mass 
balance 

Océ no 

corporate 

monitoring 

legal material 

accounting 
most sites planned 

DSM responsibility 

board 
legal and 

company 

strategy 

process 

management 
all sites 

Akzo 

Nobel 

openness and 

to take the 

responsibility 

for the SHE 

strategy 

legal and com

pany obliga

tion to report 

performance 

to the head

quarters 

*process 

management 

*environm. 

management 

all sites 

ICI to account for 

the SHE stra

tegy 

legal and com

pany strategy 

process 

management 
all sites 

Shell check if the 

environmen

tal strategy is 

executed 

legal 

requirements, 

process 

management 

process 

management 
all sites 

Cytec no corporate 

monitoring 
legal 

requirements, * 

process 

management 

process 

management 
all sites 

Unilever gathering envi

ronmental 

information 

for the board 

legal require

ments compa

ny strategy 

process 

management, 

efficiency, 

water balance 

all sites 

all sites + / -

npo = non product output 
+ = yes 

— no 
+ / - =unfrequently 
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table 3-b 
Summary of the results, questions 4, 5, 7,9,10. 

Company written 
corporate 
monito
ring proce-

site or 
process 
monito-

frequency 
monito
ring 

monito
ring after 
end of 
pipe tech. 

problems 
monito
ring 

Océ + mostly site dependent on 

site, country, 

legislation 

before + 

DSM + dependent, 

mostly site 

dependent on 

legislation,sub-

stances, pro

cesses and sites 

dependent on 

purpose data 

some caused by 

non uniform 

definitions 

Akzo 

Nobel 

+ process or site dependent on 

legislation and 

requirements 

company 

denned by the 

borders of the 

sites 

some, depen

dent on the 

monitoring fre

quency 

ICI + process dependent on 

legislation, 

process and 

company 

requirements 

dependent on 

borders of the 

site 

no (stated) 

Shell process dependent on 

legal and pro

cess require

ments 

dependent 

on purpose 

data, air 

mostly after 

yes, caused 

by different 

definitions 

and instruc

tions 

Cytec process or site dependent on 

legal require

ments 

after no (stated) 

Unilever process or site dependent on 

legal require

ments (at 

least) 

dependent on 

the borders of 

the sites 

yes, caused by 

definitions 

npo = non product output 
+ = yes 

= no 
+ / - = unfrequendy 
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table 4 

Summary of the results, questions 6,11,12,13 

Company 

m o n . 
l ega l 
s u b -
s tan-

mon. 
more npo 
then legal 
required 

m o n . 
c o m -
p o n e n 
t s o f 
w a s t e -
frac-

ener
gy 
/wate 
r 

quali
ty of 
data 

data 
calcu
lated 

monitoring 
enviromental 
costs 

Océ + not clear + / - + / - some not 

DSM + priority sub

stances list 

and cefic 

requirements 

+ / - + / - some are 

estima

ted 

yes waste,waste 
water,emissions, 
investments are de-
vided among the 
sites and used for 
product costing 
(internal rating, 
some costs are esti
mated) 

Akzo 
Nobel 

+ cefic 

requirements 
+/- + / - some not 

ICI + substances 
fo rEB 

+ + + / - some and 

some are 

estimated 

yes analysing and 

waste water is cal

culated to the pro

cesses 

Shell + + + / - the dis-

conti

nuously 

are mostly 

calculated 

yes waste, waste 

water passed on 

the sites 

Cytec + in waste water un 

known 

only one 

air emis

sion is un 

frequently 

measured 

developing to 

calculated waste 

and waste water 

to the products 

Unilever + company 

requirements 

? + + / - some yes energy, waste, 

waste water are cal

culated with ABC 

to the products 

npo = non product output + / -
+ = in all or most sites 

= not 
? = un known 

for energy and water some 
sites, quality of data can be 
improved, otherwise some 
cases 
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tabk5 
s u m m a r y of t h e r e su l t s , questions 17,19,20 

Company use of monito
r ing result 

audit executed use of audit 
results 

Océ sites in the Netherlands, 

USA and several other 

sites, 

-legal reporting, 

-environm. management, 

-environm. report 

some sites, several times 

a year 
control and improvement 

EMS 

DSM -environm. management 

-environm. report 

once per 3 years 

(results corp.) 
benchmarking, review the 

env. policy, targets control, 

review corporate directives 

Akzo 
Nobel 

-environm. manage

ment, 

-environm. report 

minimal once per 5 

years (results corp.) 

to control the compliance 

and if the EMS works 

ICI -legal reporting 

-calculating costs 

-calculating EB 

-environmental manage

ment 

internal audits, once 

per 3 years (results 

b.u.) 

to control if the company's 

standards and objectives 

are reached 

Shel l -legal reporting 

-environmental manage

ment 

-benchmarking 

-environm. report 

once per 5 years (results 

b.u.) 
control if the performance 

is in accordance with the 

reporting 

Cytec -legal reporting 

-environm. management 

once per 3 years 

(results corp.) 

advising, controlling EMS 

and compliance 

Uni lever -legal reporting 

-evaluate the performance 

-environm. report 

once per 3 years 

(results corp.) 
to control EMS and if the 

corporate strategy in 

implemented 

corp. = corporate 
b.u. = business unit 
EMS = environmental management 

system 
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Discussion 

In this study we try to answer what is monitored and why by large international 

companies. In order to do so we selected the companies with a.o. the criteria of a 

developed environmental management system and described monitoring results. 

These criteria will influence the results of the study, as probably the selected com

panies will be leaders in the field. To analyse differences in monitoring between the 

several industrial branches the studied sample is to small. 

There are several monitoring functions (Leeuwen 1995). They are the signal 

function (observation of changes), the trend function (prediction of future deve

lopments), the instrument function (clarification of underlying processes) and the 

control function. The relevance of these functions will vary in importance depen

ding on the level in the company. As we interviewed in 4 cases the managers from 

the corporate environmental department and in 3 cases employees or managers of 

the site environmental department, this may give rise to variations in the answers. 

To account for the corporate environmental strategy is mostly mentioned as the 

reason for corporate monitoring. This is in accordance with the findings of 

Thomson (1994). Legal requirements are given as one of the reasons by all of the 

companies for monitoring specified non product outputs. Process management 

was mentioned by six companies as a reason to monitor the materials. Only one 

company (Océ) mentioned the importance of material accounting, but the compa

ny did not implement material accounting until now. All companies are monitoring 

the legally required substances, five companies are monitoring more non product 

outputs. As to the audits the companies are monitoring, although infrequently, 

management system results. Compared with the 2 models of Welch ( 1997) all the 

companies studied use the monitoring system of the continuous improvement 

based EMS. Unfortunately none of the companies (one company is planning) is 

monitoring materials in order to calculate a (simplified) mass balance of the proces

ses they use. In this way none of the companies has the possibility to get, in case 

wanted or relevant, a comprehensive picture of the results of or potential for pollu

tion prevention programs (New Jersey 1993). 
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Costs accounting 
For a more sustainable industrial economy integration of all environmental costs in 

the financial accounting is needed (Wallace 1996). Companies need to integrate envi

ronmental impacts and costs into performance evaluation, product costing and pri

cing, and capital investments decisions, which in turn must be merged into the finan

cial reporting and management accounting system (Epstein 1996). In only two of 

the companies studied (DSM, Unilever) some environmental costs are used for pro

duct costing. In one case costs were attributed to the site and in one case to the pro

cesses. One company (Unilever) started with ABC costing (Turney 1992, Sweeting 

1995), also for some environmental costs. Obviously the companies studied still do 

not have a comprehensive policy as to the monitoring of all environmental costs and 

integrating these costs in product costs. Two companies even feel that such a comp

rehensive policy is impossible. Akzo states 'specific environmental cost accounting 

is nearly impossible', Shell states that it is difficult or impossible to determine the 

specific environmental costs. Popoff (1993) states that full cost accounting may be 

the most important step down the path to sustainable development. Our survey 

shows that in this respect companies are may be just starting. It may also be argued 

for their own benefit EHS departments should start themselves changing cost 

management, from allocating to tracing costs through activities, to processes and 

products, services and customers. As their costs are currently accounted as overhead 

costs the department may be easier targeted for costs reduction (Brand 1998b). 

Problems with uniformity and data quality 
Several companies mentioned problems with monitoring. Three companies have 

problems with definitions, for example non uniform definitions of hazardous waste 

between the countries or problems with non uniform implementing of the monito

ring instructions at the individual sites. All companies calculated some to many data 

instead of measuring. Furthermore some data are estimated. This gives rise to sub

stantial uncertainty. Also measured data may have high uncertainties following from 

sampling, analytical procedures and frequency of the measurements (Leeuwen 

1995). Some companies also indicated that several data have high standard devia

tions. All in all there are high uncertainties in several data of the locations and the 

corporate data. All companies should consider to calculate the standard deviation of 

the monitoring results to indicate the accuracy of the data. 

48 



To overcome the problems with monitoring caused by non uniform definitions and 

non uniform performing of the monitoring instructions, companies need a uni

form controlling and supporting system. Océ and ICI mentioned such a system. 

Companies should also develop uniform procedures and standards to verify the 

data, and the process of collection of data (a.o. sampling, analyses, measurements, 

compiling). Verifying the data and the process of collection of data is very impor

tant to make data more reliable. Only Akzo and Shell mentioned recent verifying of 

(some) data and Unilever mentioned the possibility of verifying the process of col

lection of data. 

Audits 

All studied companies executed audits. Audits are mentioned by the studied compa

nies as a controlling system (of the EMS). This general use of audits is in accordan

ce with the findings of Thomson (1994) who states that the environmental audit 

becomes a regular part of corporate environmental management. Thomson (1994) 

describes four basic components of audits: verification of compliance with regula

tory requirements, verification of conformance with company and industry stan

dards, evaluation of management and preparation of an action plan to correct iden

tified déficiences. All components except the last were mentioned in our survey, 

which shows that audits are indeed a part of the monitoring system. 

Use of monitoring results 
The results of monitoring are mainly used for environmental management and 

reporting. In accordance with the statement of Epstein (1996), that corporate envi

ronmental information is not generally available and the most commonly available 

information relates to physical information, we found that none of the companies 

in our survey was using an extensive monitoring system needed for comprehensive 

improvement based environmental management, and that the financial part of the 

monitoring system was the least developed. 
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