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Abstract. The construction industry, as one of almost every economy’s major generators of environmental impact, can 
contribute in large measure to achieving the goals of sustainability. However, most publications in this field deal with 
sustainability with reference to selecting construction materials and improvements in the operating phase of buildings. 
When considering ecological sustainability the focus has to be extended from the finished building to the building pro-
cess. Therefore the actors of the construction sector who are responsible for the production process have to be studied: 
the construction companies. The goal of this paper is to study the state of ecologically sustainable corporate business 
management in construction. The state of application of elements of environmental management systems (EMS) is used 
as an indicator of the current situation in German construction companies. EMS can help continuously to environmen-
tally improve the operating processes of the firms. A broad survey about the extent of EMS has been conducted consid-
ering the barriers and drivers. In general, a relatively low interest in EMS and a lack of knowledge is noticeable within 
the sector. As a result, strategic recommendations are made on how to promote environmental management to foster 
sustainable thinking in the German construction industry.
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Introduction

As in almost every national economy, the German con-
struction sector is one of the economy’s major generators 
of environmental impact, such as emissions and waste. 
Furthermore, it accounts for an important consumption 
of natural resources and energy. Estimates indicate that 
approximately 40% of the total energy consumed world-
wide, 40% of the waste produced and 40% of all raw 
materials consumed are associated with the construction 
sector (Srdić, Šelih 2011). Thus it is necessary to focus 
on aspects of ecological sustainability in all phases of 
building. Besides the key construction project objectives 
of “cost”, “time” and “quality”, the environmental objec-
tive should be the fourth client objective in construction 
project management, thereby resulting in a fundamental 
change within the construction sector (Ofori 1992). The 
construction companies can contribute to a considerable 
extent to achieving this goal by implementing aspects of 
sustainability in their corporate business management 
(Girmscheid, Selberherr 2012). An environmental man-
agement system (EMS) provides methods systematically 
designed to manage the environmental aspects of pro-
duction processes. A continuous process of improvement 
within the EMS ensures that new ideas and innovations 

are enhanced. The best known and most established stand-
ards to implement EMS are the EMAS (Eco-Management 
and Audit Scheme) and the ISO 14001:2004. Both ISO 
14001:2004 and EMAS provide tools to identify and con-
trol environmental impacts. Additionally, both systems 
focus on a continuous improvement process. With these 
common objectives they are often seen as competitors. 
However, it is a fact that the ISO 14001:2004 is an inte-
gral part of EMAS. Thus the adoption of ISO 14001:2004 
as an element of EMAS makes it easier for organizations 
to obtain an additional EMAS certification without du-
plicating efforts. Some of the key issues where EMAS 
goes beyond the ISO 14001:2004 requirements are the 
legal bases, the required involvement of employees and 
the defined frequency of required improvements. EMAS 
requires an evaluation of the environmental performance 
whilst the ISO 14001:2004 only requires environmental 
improvements in management (European Commission 
2008).

From the late 1990s to the beginning of the new 
millennium, there was an initial trend in German scien-
tific literature about implementing EMS in construction 
firms. The number of scientific publications demonstrated 
the importance of research into EMS-implementation in 
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construction companies at this time: several dissertations 
(Rieger 1999; Follmann 1999; Gerstkamp 2000) and sci-
entific anthologies (Blum 1997; Pape et al. 1998) were 
published. However, it seems as if EMS have not yet 
been implemented comprehensively in the German con-
struction industry. This hypothesis is based on statistical 
information discussed in the following section. 

1. Available information on EMS-implementation

To date (August 2013) only a limited number of Ger-
man construction companies have implemented EMS. As 
up-to-date survey results about the extent of EMS are 
not available, the only possibility of acquiring knowl-
edge specifically about the construction sector is through 
reviewing existing statistics. The only source of infor-
mation is the EMAS-registry (Deutscher Industrie- und 
Handelskammertag 2013). By checking the entries from 
the economic sector “construction industry”, an initial 
impression about the state of EMS-implementation can 
be given. According to this, 18 companies in the con-
struction sector were EMAS-certified as of August 2013. 
As there are 1,224 EMAS-certified companies throughout 
all German business sectors, construction firms therefore 
represent only a very small percentage (1.47%) of all 
EMAS-certified companies. The largest share of EMAS-
registrations can be seen in the manufacturing industry 
(38% of EMAS-registrations). The second largest pro-
portion (10% of EMAS-registrations) represents church 
organizations and the third largest (6% of EMAS-regis-
trations) public administrations. The very minor extent of 
EMS in the German main construction industry becomes 
clear when the certified firms are set in relation to the to-
tal number of 6,727 construction companies (Statistisches 
Bundesamt 2013). As there are 18 EMAS-certified con-
struction companies, the level of EMAS-implementation 
amounts to only 0.27% of all construction companies.  As 
there is not only the EMAS-system as a marker of envi-
ronmental measures being taken, the question arises as to 
whether there would be a significantly higher implemen-
tation rate if ISO 14001-certified companies were consid-
ered as well. According to a survey conducted by Foll-
mann (1999), at the end of the 1990s there were 5 ISO 
14001-certified companies out of a sample of 42 large-
medium sized and large companies. This would equate 
to an implementation rate of 11.9%. However, the rate is 
not representative for the sector as there was a large share 
of large-scale enterprises in the sample. To date, the state 
of EMS-implementation is rather unclear. During expert 
interviews it could be confirmed that the current extent of 
implementation can be considered to be low.

2. Research objectives

The presence of EMS in construction companies indi-
cates the presence of a sustainable corporate business 
management. The primary objective of this research is 
to provide a foundation for strategic recommendations to 
enhance the implementation of EMS and thereby sustain-

ability in the German construction sector.  In doing so, 
several specific features of the sector have to be taken 
into account: a major part (97.77%) of this sector is made 
up of companies classified as Small- or Medium-size En-
terprises (SMEs) acting in a local and regional market 
(Statistisches Bundesamt 2013). About 78% of the work-
force of the German construction industry is employed 
in SMEs. SMEs are defined by the Commission of the 
European Communities according to their number of em-
ployees and either their annual turnover or balance sheet 
total. The category of SMEs is made up of enterprises 
which employ fewer than 250 persons and which have an 
annual turnover not exceeding 50 million Euros. Further-
more, the annual balance sheet total should not exceed 43 
million Euros (Commission of the European Communi-
ties 2003). In this present paper a simplified definition for 
SMEs is used. A classification on the basis of the number 
of employees is used, as this is considered to be the main 
criterion according to the Commission Recommendation 
of 6 May 2003: “The criterion of staff numbers […] re-
mains undoubtedly one of the most important and must 
be observed as the main criterion; […]”. In addition, the 
turnover for the year 2011 was viewed to exclude the 
possibility of a company being classified incorrectly. For 
reasons of simplicity, the balance sheet total was not re-
quested in the conducted survey. 

Another specific feature of the construction sector is 
that the production process is influenced by different ac-
tors and stakeholders. Construction projects are typically 
larger and take longer than projects in other sectors and 
thus involve a large number of actors along the entire 
value chain of the sector. The connections of planners, 
contractors, subcontractors and suppliers, all with their 
various specializations, have to be taken into account. 
From the point of view of the construction companies 
the requirements of their clients are most important. The 
companies of the construction sector are classified into 
the divisions 41 to 43 of the NACE Classification (NACE 
Rev. 2 2008). According to this classification, the con-
struction sector includes the construction of buildings 
(division 41), the construction of civil engineering works 
(division 42) and specialized construction activities (di-
vision 43). 

To achieve the primary objective, the survey had 
four aims: 1) to study the extent of implementation of 
elements of environmental management in construction 
companies, thereby including EMS-certified and non-cer-
tified firms; 2) to determine the barriers to implementing 
EMS faced by the companies; 3) to investigate the drivers 
of EMS in the construction sector; 4) to formulate recom-
mendations to strategically enhance EMS-implementation 
in the sector. 

The survey results can be used to acquire a basic 
knowledge of the implementation rate of EMS and of the 
benefits and obstacles German construction companies 
expect if they were to apply such a system. This knowl-
edge can help to formulate recommendations for action 
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for decision-makers in politics and economics to foster 
EMS and thereby green thinking in the construction sec-
tor. The study’s results provide the following benefits:

1. Enhancing basic knowledge about possible drivers 
for EMS 

2. Identification of the most important barriers to ele-
ments of environmental management.

3. The insights gained about the key levers to foster-
ing EMS in the construction industry can help to 
improve the environmental performance of the con-
struction sector.
Operational details of the application of EMS in 

construction companies have not been considered in this 
paper.

3. Literature review

As a basis for the development of the questionnaire, a 
literature review was carried out. The scientific litera-
ture analyzed has been classified according to two main 
sectors: firstly, scientific findings about EMS-implemen-
tation in German construction companies, and secondly, 
international studies on broad surveys about the imple-
mentation of EMS in the construction sector. In general, 
the existing literature was examined in order to get an 
overview of the current state of knowledge in Germany 
and the state of implementation in the construction sec-
tors of other countries. Of particular interest were previ-
ous findings in other countries relating to the barriers and 
benefits of EMS-implementation already known.

3.1. Scientific findings about EMS-implementation in 
German scientific literature
The first research works in the field of cleaner construc-
tion processing emerged with the increasing ecological 
awareness in Germany in the 1980s (Olshausen 1983). 
Research in the context of environmental management 
was followed up in Germany only as of the mid-1990s. 
With the adoption of EMAS into national law (Environ-
mental Audit Act) in 1995 (rev. 2002) and the introduc-
tion of the ISO 14001:2004 in 1996, the implementation 
of EMS in the construction sector increasingly became 
an object of German research. In particular the pub-
lications of Blum (1997), Bentlage and Rieger (1998), 
Follmann (1999), Rieger (1999), Gerstkamp (2000) and 
Große (2000) can be considered as fundamental works 
in the field of EMS-implementation in German construc-
tion companies. The main findings of previous German 
research include several difficulties of a broad implemen-
tation of EMS in the construction sector. A major obstacle 
to adopting EMS was found for a large proportion of the 
construction firms: the SMEs. In general it was found 
that the monetary and personal efforts for the introduc-
tion were considered to be very high. The collection of 
relevant data was challenging as Electronic Data Process-
ing technology was only used rarely within the sector. 
Finally it was found that organizational measures could 
help to implement environmental management standards 

in construction firms. Through voluntary environmental 
commitment of the companies, environmental protection 
is enhanced and thus the compliance with legal and tech-
nical requirements can be promoted.

Jancke (2012) developed an approach for German 
construction firms to consider aspects of sustainability in 
procuring building materials and subcontractors’ servic-
es. He conducted three surveys on how German compa-
nies deal with sustainability aspects in their procurement 
procedures at present. The study contains no statements 
about the implementation rate of EMS in German con-
struction companies in general.

It is noticeable that the scientific interest in these 
topics has decreased in Germany since the turn of the 
millennium. After the initial research-trend caused by 
the establishment of ISO 14001:2004 and EMAS in the 
mid-1990s it seemed as if there was nothing new left to 
research. Due to the increased awareness of sustainabil-
ity among policymakers and the population, research on 
environmental topics is gaining importance again. Today, 
about 13 years after the first environmental management 
trend, it seems as if EMS are not widely established in 
the German construction industry. Since the mid-1990s, 
however, the framework conditions have evolved. 
The standards for EMS-certification have been revised 
and new legal bases (e.g. European Parliament 2004;  
TVgG-NRW 2012) have been implemented. Some of the 
construction companies have established certified EMS 
and made them an integral part of their organizational 
processes. In doing so, the certified companies have 
gained valuable experience regarding the benefits and 
barriers of EMS. Thus it is of special scientific interest to 
obtain new insights into the extent of environmental man-
agement elements in German construction companies. 

3.2. International broad surveys
A limited number of broad surveys have been conducted 
in several countries about the extent of environmental 
management elements based on a sample of firms. In ad-
dition there are various company-based case studies. A 
literature review by Turk (2009) provides a good summa-
ry of previous studies containing publications about broad 
surveys as well as about case-studies. The review carried 
out in the present paper only takes into account publica-
tions consisting of results about broad surveys based on 
a sample of firms. The goal of this present research is to 
conduct a broad survey: therefore publications about case 
studies in single companies are not considered in this re-
view. The results of previous studies are briefly summa-
rized in chronological order in the following:

A study by Tan et al. (1999) considered the rel-
evance of environmental management to construction 
companies and in a field study assessed the level of 
commitment of the construction firms in Singapore. Ac-
cording to the survey results, contractors are aware of 
the merits of EMS. Systems towards achieving the mer-
its were not instituted. Thus a framework for developing 
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and implementing EMS was proposed. To gain knowl-
edge from quality systems for implementing EMS in 
construction, Ofori et al. (2002) assessed the perceptions 
and expectations of construction firms in Singapore con-
cerning ISO 9000 certification. The expectations of ISO 
14001:2004 certification were also ascertained. Further-
more, the companies’ environmental awareness, policies 
and current practices were studied. The survey-based 
study found that contractors derive benefits from ISO 
9000 but are driven by short-term cost-benefit considera-
tions. Shen and Tam (2002) identified the barriers, ben-
efits and measures for implementing EMS considered by 
construction companies in Hong Kong. The results of a 
broad survey indicated that the factors of “contribution to 
environmental protection”, “reduction of environmental 
risk”, “improving environmental image” and “cost sav-
ing” were considered the major benefits. Major barriers 
in Hong Kong included “increasing management cost”, 
“lack of trained staff and expertise”, “lack of sub-con-
tractor cooperation”, “lack of client support” and “time-
consumption for improving environmental performance”. 
Zeng et al. (2004) analyzed thirty factors affecting the 
implementation of environmental management in Chi-
nese construction firms by using a structured question-
naire in a broad survey. According to the results the top 
five factors were “the environmental consciousness of 
top executives”, “environmental consciousness of mid-
dle management”, “effective implementation of the rel-
evant regulations on environmental management”, “the 
legal system”, and “legal enforcement”. Abdullah (2005) 
dealt with the importance of EMS as a tool to mitigate 
environmental problems in the UK construction industry. 
The work mentioned that the benefits of an EMS exceed 
the cost of implementing it. A questionnaire survey inves-
tigated the extent of EMS implementation in the UK. The 
results showed that EMS were not popular amongst pro-
fessionals who were surveyed. Chen and Li (2006) found 
that there was a remarkable disagreement between the 
registration rate of ISO-certified EMS and the implemen-
tation rate of Environmental Impact Assessment (EIA) in 
the Chinese construction industry. Thus the construction 
companies in China have not really applied environmen-
tal management in construction projects. A questionnaire 
survey was conducted in order to verify this hypothesis. 
According to the results, the critical factors for not adopt-
ing an EMS are characterized by five classes: governmen-
tal regulations, technology conditions, competitive pres-
sures, attitudes to cooperation, and cost-benefit efficiency. 
Šelih (2007) discusses the barriers and benefits associated 
with ISO 14001-certificated EMS in construction com-
panies in Slovenia. The results of a broad survey were 
presented and analyzed. The majority of the construction 
firms that responded had implemented a Quality Manage-
ment System (QMS) and about half of the respondents 
had also established an EMS. The correlation between 
the state of implementation and the size of the compa-
nies was investigated. As a result it was observed that 

fewer SMEs were using an EMS than larger companies: 
SMEs tend to see the required documentation as a ma-
jor obstacle towards EMS implementation. Turk (2009) 
particularly investigated the benefits associated with ISO 
14001:2004 certification in Turkish construction firms. A 
structured questionnaire survey was used to investigate 
whether there was a dependence or relation between the 
characteristics of the answering firms and having an ISO 
14001:2004 certification. In addition, the differences in 
the perceptions relating to ISO 14001:2004 certification 
were studied by taking into consideration both the firms’ 
characteristics and the different groups of certified and 
non-certified companies. As a result there is a relation 
between the companies’ characteristics and having im-
plemented an ISO 14001:2004 certification. Sakr et al. 
(2010) reported on the results of their research on the en-
vironmental awareness of the top 50 Egyptian construc-
tion firms. The EMS-awareness and opinions about the 
companies’ responsibility towards the environment was 
investigated. The barriers as well as the drivers for ISO 
14001:2004 adoption were assessed by the responding 
companies. The survey results indicated that there was a 
lack of information among the top contractors in Egypt 
due to the absence of local institutions promoting the in-
troduction of EMS. They found a correlation between the 
awareness of ISO 14001:2004 and the presence of ISO 
9000 certification. All of the major obstacles selected by 
non-ISO 14001-certified contractors related to a lack of 
knowledge about the benefits of EMS.

It is apparent that the results of the broad surveys 
vary widely from country to country. Thus the extent of 
implementation and the barriers and drivers, cannot be 
concluded from the previous findings from other coun-
tries. A comparison between the different results of sur-
veys from diverse countries could be a topic for further 
study. However, the beneficial factors (BFs) and environ-
mental management barriers (EBs) already identified can 
be adopted from the existing publications such as that of 
Shen and Tam (2002). The EBs and BFs assessed in the 
survey are presented in Table 1.

3.3. Research hypotheses
Based on the findings of the literature review and expert 
interviews hypotheses were set up:

 – Hypothesis 1: There is a correlation between the 
size category of the construction companies (SME 
or major enterprise) and having a certified EMS.

 – Hypothesis 2: There is a lack of knowledge about 
EMS in the construction companies and a lack of 
confidence in the certification systems.

 – Hypothesis 3: The main barriers and drivers for 
EMS-implementation are considered differently by 
certified and non-certified companies.

 – Hypothesis 4: The main barriers and drivers for 
EMS-implementation are considered differently by 
SMEs and major enterprises.

 – Hypothesis 5: German construction companies have 
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not implemented environmental aspects comprehen-
sively in their procurement of subcontractors and sup-
plies.

 – Hypothesis 6: It is easier for construction companies 
to establish an EMS if a QMS is already in place.
To verify the above-mentioned hypotheses the data 

were evaluated inductively using the IBM SPSS 19 sta-
tistics software. Based on probability calculations, induc-
tive statistics aim to draw conclusions from the sampled 
companies and extend the findings to the population of 
all companies of the sector. These conclusions are based 
on hypothesis testing. In the statistical test procedure  
p-values are generated to determine the significance of 
the results as an indicator of whether a correlation exists 
between the selected variables. If there is strong evidence 

against the null hypothesis, it is rejected and an alterna-
tive hypothesis has to be anticipated. Table 2 specifies the 
p-values and the related significance levels (Bühl 2012).

Table 2. p-values and the related significance levels

Significance Level Specification
p > 0.05 not significant
p ≤ 0.05 (5%) significant
p ≤ 0.01 (1%) very significant
p ≤ 0.001 (0.1%) highly significant

The statistical dependence between two ordinally 
scaled variables is measured using the Spearman correla-
tion coefficient. This coefficient is a measure of statisti-
cal dependence between the two tested variables using 
a monotonic function (Schendera 2004). In addition to 
the strength of the Spearman correlation, a small p-value  
(<= 0.05) is crucial for a correlation between the tested 
variables. Table 3 shows the interpretation of the correla-
tion coefficient (Raithel 2008).

Table 3. Interpretation of the correlation coefficient

Correlation Coefficient  
(absolute value) Interpretation

up to │0.2│ very low correlation
up to │0.5│ low correlation
up to │0.7│ moderate correlation
up to │0.9│ high correlation
above │0.9│ very high correlation

4. Methodology

4.1. Development of the questionnaire
The online-based questionnaire was created based on the 
findings of the literature review and expert interviews. 
For the development of the questionnaire and for the sur-
vey itself the software “Unipark -EFS survey” was em-
ployed. After completion of a first pre-test-version of the 
questionnaire, a pilot survey was conducted for fine-tun-
ing. Five companies were invited to complete the pre-test. 
Several questions were revised in accordance with their 
feedback. Furthermore, the average processing time of 
the pre-testers was determined to ensure that it would not 
take too long to complete the questionnaire. Afterwards 
the final questionnaire was created, containing five main 
sections: 1) the company’s profile and information about 
the participant in person; 2) elements of environmental 
management on a company level; 3) the drivers and bar-
riers for implementing certified EMS; 4) “Green aspects” 
in the procurement of subcontractors’ services and sup-
plies; and 5) the connection between EMS and quality 
management systems (QMS).

To be able directly to address the different levels of 
experience of the participants, filter questions were in-
serted into the questionnaire. This means that according 
to e.g. the presence of a certified EMS in a respondent’s 

Table 1. Beneficial factors (BFs) and environmental management 
barriers (EBs)

Abbreviation Environmental management barriers (EB)

EB 1 No competitor starts introducing ISO 14001/ 
EMAS first

EB 2 Complicated documentation process/ Increase 
in documentation workload

EB 3 EMS standards are unsuitable for construction
EB 4 Increase in management and operational costs

EB 5 Difficult coordination of environmental 
performance with subcontractors

EB 6 Lack of trained staff and expertise
EB 7 Lack of consultants helping to introduce EMS

EB 8 Lack of supplier and subcontractor 
cooperation

EB 9 Lack of governmental pressure

EB 10 Lack of environmentally sound materials and 
technologies

EB 11 Lack of engagement of management

EB 12 Change of existing practice of company 
structure and policy

EB 13 Lack of knowledge about EMAS and ISO 
14001 in construction business

EB 14 Lack of working staff support/ Lack of 
worker support

Abbreviation Beneficial factors (BF)

BF 1 Cost saving due to reduction of contributions 
for insurance

BF 2 Increased productivity by improved processes
BF 3 Increased overall business competitiveness
BF 4 Lower operating costs and increased profit
BF 5 Improved cooperation with authorities

BF 6 Reduction, reuse and recycling of construction 
and demolition wastes

BF 7 Improvement of quality

BF 8 Continuous improvement of corporate 
environmental protection

BF 9 Improvement of safety and health protection
BF 10 Solving environmental issues and problems
BF 11 Legal certainty
BF 12 Improving corporate environmental image
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company, the further course of the questionnaire was dif-
ferent to that of the respondents from non-certified com-
panies. Thus, the certified companies were asked about 
the benefits and barriers they had experienced, while the 
non-certified companies were asked about the benefits 
and barriers they would expect if they were to adopt an 
EMS.

4.2. Conducting the survey
The survey was launched at the beginning of March 2013 
and was carried out over a period of 4 months. The sam-
ple frame included 200 randomly chosen construction 
companies. The only criterion for choosing the firms was 
the presence of a company homepage providing a contact 
phone number. In the first step, the firms were contact-
ed by phone to find a suitable contact person, preferably 
from the executive board or senior personnel in manage-
ment functions in central departments or in construction 
management. Afterwards a personal invitation for the on-
line-based survey was sent by email. Those invited were 
informed that the survey would be carried out on an en-
tirely anonymous basis. The non-responding firms were 
reminded by email one week after the initial invitation 
to the survey. One week before the survey was closed, a 
second and last reminder was sent to the remaining non-
responding contact persons. After terminating the survey 
49 complete questionnaire replies had been received. A 
quantity of 49 completed data sets is appropriate for com-
piling a meaningful statistic according to Hauser (1979). 

The mean processing time for answering the ques-
tionnaire, designed to keep reasonable time expenditure 
for the participants, was 16 minutes. 

5. Survey results

5.1. Profile of participants
According to the survey, 51% (25) of the completed ques-
tionnaires were answered by the general manager, 20.4% 
(10) by department managers, 10.2% (5) by construction 
managers, 10.2% (5) by quality representatives and 8.2% 
(4) by other senior personnel. All the respondents were 
professionals.

All of the contractors operate in the German mar-
ket and 24.5% (12) of the firms additionally operate in 
other European countries. Only 8.2% (4) also operate 
in non-European countries. A major part of 14 German 
federal States were represented among the participating 
companies’ headquarters. Most of the responding compa-
nies are located in North Rhine-Westphalia, Rhineland-
Palatinate and Baden-Wuerttemberg. According to the 
statistical classification of economic activities in the Eu-
ropean Community (NACE Rev. 2 2008), 44.9% (22) of 
the firms operate in the field of Construction of Buildings, 
79.6% (39) in Civil Engineering and 8.2% (4) in Special-
ized Construction Activities. 

The companies of the sample had to be classified 
according to their size according to the Commission of 
the European Communities (2003). A simplified classi-

fication according to the criterion of the number of em-
ployees is used in this section as this criterion is the most 
meaningful indicator (see Section 2). In 32.7% (16) of 
the companies surveyed, more than 250 employees were 
employed. That means that according to the total number 
of employees, 67.3% (33) of the participating firms were 
classified as SMEs.

The classification of the responding companies is 
presented in Table 4.

Table 4. Classification of the responding companies

 turnover employees

microenterprise ≤ 2 Mio. € 10.2% (5) < 10 2% (1)
small  
enterprise ≤ 10 Mio. € 24.5% (12) < 50 22.4% (11)

medium-sized 
enterprise ≤ 50 Mio. € 38.8% (19) < 250 42.9% (21)

large scale 
enterprise > 50 Mio. € 26.5% (13) > 250 32.7% (16)

5.2. Extent of EMS implementation
The results of the survey indicate that 42.9% (21) of the 
companies have implemented an environmental policy. 
Only those participants with an environmental policy 
were asked further questions about the implementation 
of EMS-elements in their company.

Nearly one third (30.6%, 15) of the total number of 
respondents indicated that they had implemented a non-
certified EMS. 4 of these companies are planning to get 
a certification within the next 5 years. About 14.3% (7) 
had a certificate according to ISO 14001:2004. All of the 
ISO 14001:2004 certified firms had a certified QMS in 
accordance to ISO 9001. Only 2 companies had an ad-
ditional EMAS-certification. This is because the effort to 
obtain an EMAS-certificate is greater than the effort for 
an ISO 14001:2004 certification. Altogether there were 
9 certified responding companies. 4 of them had only 
had certification of EMS for less than 4 years. Only 2 
companies had been certificated since 2001. It seems as 
if EMS-certifications are relatively new in the construc-
tion sector even though the certification schemes have 
existed since the mid-1990s. Only 4 of the certified com-
panies employed a non-certified EMS for between 3 to 
5 years before the certification. One third (33.3%, 3) of 
the certified companies were large-scale enterprises with 
a total turnover of more than 50 million euros and had 
more than 500 employees. The other two thirds (66.6%, 
6) were larger medium-sized companies. For the correla-
tion analysis two size categories are created as described 
in Section 2: the SMEs (33 companies) and the large-
scale enterprises (16 companies).

Among the 33 SMEs, there are 4 companies with a 
certified EMS. This corresponds to a share of 12%. The 
size category of the 16 large-scale enterprises contains 5 
certified companies representing 31% of this size catego-
ry. The correlation is low (Spearman correlation = 0.328). 
The p-value is lower than p = 0.05. Thus a significant 
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positive correlation could be confirmed between the pres-
ence of certified EMS and company’s size category. As a 
result, hypothesis 1 is not rejected.

The question of whether certified EMS according 
to ISO 14001:2004 or EMAS are generally suitable for 
construction firms was answered with “No” by 24.5% 
(12) of the total respondents number. There were 59.1% 
(28) of the participants with no opinion. Only 16.3% (8) 
of the participants thought that the certification schemes 
were suitable for the construction sector. The question 
was answered differently depending on whether the firms 
were certified or not. 7 of the 9 certified companies con-
firmed that ISO 14001:2004 and EMAS suited the re-
quirements of construction firms. Only one of the non-
certified companies affirmed this. 11 of the non-certified 
firms answered with “No, certified EMS according to ISO 
14001:2004 or EMAS are generally not suitable for con-
struction firms”. Thus it can be surmised that the non-
certified companies are not sufficiently informed about 
the possibilities of certified EMS. Another fundamental 
barrier is the basic attitude of 28.2% of the non-certified 
companies that the certification schemes do not suit the 
specific requirements of construction firms.

Hypothesis 2 was given a more definite form by 
formulating hypothesis 2A: “Non-certified companies 
consider certified EMS to be generally not suitable for 
construction firms.” The relatively high Spearman corre-
lation coefficient (0.792) shows a significant correlation 
between the assessment of the suitability of EMS in con-
struction companies and the presence of a certified EMS. 
The significance level amounts to p = 0.000 (=highly sig-
nificant). The hypothesis 2A is not rejected.

The survey’s results confirm hypothesis 2 on the 
lack of confidence in the certification schemes. The high 
share of companies that had no opinion shows a generally 
low state of knowledge about the applicability of certified 
EMS in the sector.

5.3. Barriers and drivers for EMS implementation

5.3.1. Barriers experienced by certified companies
The 9 certified companies were asked to assess possible 
barriers that can occur during the implementation of an 
EMS. The list of barriers was developed on the basis of 
the literature review (see Table 1). The different barriers 
had to be graded by the participants on a scale from 1 
(no barrier at all) to 4 (strong barrier). The participants 
were given the opportunity to select “no response” if they 
had no opinion about any of the given barriers. An aver-
age grade was calculated from the grades given by the 9 
certified responding companies. The results are presented 
in Table 5. 

The results show that the 4 major barriers to EMS 
implementation experienced by certified companies were 
firstly “EB 13 – lack of knowledge about EMAS and ISO 
14001:2004 in the construction business”, joint-secondly 
“EB 6 – Lack of trained staff and expertise” and “EB 

4 – Increase in management and operational costs” re-
spectively, and thirdly “EB 9 – Lack of governmental 
pressure”. Two major obstacles are hence connected with 
the currently low knowledge base with regard to EMS. 
Thus, a sector-specific set of guidelines on the subject of 
EMS for the construction sector is needed which helps 
to overcome these obstacles, as proposed by Hiete et al. 
(2011). Such guidelines, developed on the basis of current 
best practice, need to be widely communicated. Existing 
documents from the 1990s and early 2000s have become 
dated. Even though a major share of the certified com-
panies in the sample was large-sized and larger medium-
sized, another major barrier was the increase in manage-
ment and operational costs. However, it seems as if there 
are no differences regarding the EMS-barriers with regard 
to the size category of the companies in the sample (see 
Section 5.5).

5.3.2. Barriers expected by non-certified companies
The majority of the responding companies had not im-
plemented an EMS. These companies were asked which 
barriers to implementing EMS they would expect. They 
had to assess the same barriers as the certified companies, 
graded on the same scale. The average grades are present-
ed in Table 5. The 3 major barriers for the non-certified 
companies were: firstly “EB 4 – Increase in management 
and operational costs”, secondly “EB 2 – complicated 
documentation process” and thirdly “EB 6 – lack of 
trained staff and expertise”. As a result, 2 of the major 
obstacles for non-certified companies are connected with 
resource use in terms of money/human resources and ef-
forts for the documentation process.

Figure 1 compares the average grading of the envi-
ronmental management barriers of the certified and non-
certified companies. In general, the barriers were rated 
higher by the non-certified companies.

Table 5. Barriers experienced by certified and expected by 
non-certified companies

Abbreviation certified non-certified
 aver. grade rank aver. grade rank

EB 1 1.33 9 2.71 7
EB 2 2.29 5 3.41 2
EB 3 1.50 8 2.56 7
EB 4 2.63 2 3.50 1
EB 5 2.29 5 3.09 4
EB 6 2.63 2 3.27 3
EB 7 1.80 7 2.42 8
EB 8 2.00 6 2.39 9
EB 9 2.50 3 2.82 6
EB 10 2.00 6 2.30 12
EB 11 2.43 4 2.29 13
EB 12 2.29 5 2.36 10
EB 13 3.00 1 2.97 5
EB 14 2.29 5 2.32 11
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5.3.3. Benefits experienced by certified companies
To evaluate possible drivers for EMS, the benefits expe-
rienced had to be assessed by the 9 certified companies. 
A list of benefits (see Table 1), developed on the basis of 
the literature review, had to be graded on a scale from 
1 (“no benefit at all”) to 4 (“strong benefit”). The most 
important benefit for the certified companies was the 
“BF 8 – Continuous improvement of corporate environ-
mental protection”. Secondly, “BF 9 – Improvement of 
safety and health protection” was graded as a major ben-
efit. The third most beneficial factor was “BF 11 – Legal 
certainty”. The grades assessed for all of the beneficial 
factors are presented in Table 6. 

Table 6. Benefits experienced by certified and expected by 
non-certified companies

Abbreviation certified non-certified
 aver. grade rank aver. grade rank

BF 1 1.33 9 2.82 8
BF 2 1.89 8 3.14 2
BF 3 1.89 8 3.11 3
BF 4 1.89 8 2.94 6
BF 5 2.11 7 3.00 5
BF 6 2.33 6 3.00 5
BF 7 2.67 4 3.14 2
BF 8 3.22 1 2.76 10
BF 9 3.00 2 3.38 1
BF 10 2.56 5 2.89 7
BF 11 2.75 3 3.08 4
BF 12 2.33 6 2.50 11

In any case, the benefits seem to outweigh any dis-
advantages. All of the 9 certified participating compa-
nies will continue active practicing of their EMS in the 
future. These experiences by certified companies have 
to be communicated to create incentives for the sector 
to implement EMS extensively. Additional details were 

asked about benefits in the tender process. Only 4 of the 
respondents stated that they already had had an advan-
tage due to their certified EMS in the tender process for 
public projects. One participant stated an advantage in 
private tenders. It is therefore indicated that environmen-
tal regulation instruments can improve the competitive 
performance of construction firms, as has already been 
ascertained by Testa et al. (2011). However, 4 of the re-
spondents did not claim to have experienced advantages 
during their tender processes.

5.3.4. Benefits expected by non-certified companies
The non-certified companies were asked to assess the 
same possible drivers as the certified companies. How-
ever, they were asked to assess these beneficial factors by 
answering two questions: the first read “To what extent 
would you/your company be motivated by the following 
beneficial factors to implement a certificated EMS?” The 
different beneficial factors were rated on a scale from 1 
(“not motivated at all”) to 4 (“strongly motivated”). In 
the second question the respondents were asked to as-
sess how realistically they considered these factors could 
be reached and were likely to lead to an advantage (at-
tainability of the beneficial factors). The evaluation was 
carried out on a scale from 1 (“cannot realistically be 
reached”) to 4 (“can be reached very realistically”).

According to the replies received, the following 
“top three drivers” were identified: the factor “BF 9 – 
Improvement of safety and health protection” is the most 
important driver for non-certified companies. “BF 7 – Im-
provement of quality” is the second most important and 
“BF 3 – Increasing overall business competitiveness” the 
third most important factor. Comparing these results with 
the benefits experienced by certified companies, there is 
one similar driver (BF 9 – Improvement of safety and 
health protection) in the “top three drivers” for both certi-
fied and non-certified companies. It seems as if this driver 
could help to foster EMS in the construction sector as 
it would motivate non-certified companies to implement 
EMS and could already be reached by the certified com-
panies. However, the improvement of safety and health 
protection is not the core objective of an EMS.

The differences between the assessed grades for BF 
of the certified and non-certified companies are shown in 
Figure 2. In general, the certified companies considered 
the beneficial factors to be lower than the non-certified 
companies did. The largest difference can be found in 
the assessment of the “BF 1 – Cost saving due to the re-
duction of contributions for insurance”. In addition, the 
certified companies similarly considered the possibility of 
increasing their productivity by improving their processes 
with an EMS as lower than the non-certified companies 
did. The order of the beneficial factors has been specified 
according to the difference between the assessments of 
certified and non-certified companies. Further differences 
can be read in Figure 2.

Fig. 1. Barriers experienced by certified and expected by non-
certified companies
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Regarding the attainability of the beneficial factors, 
the result is that in general the companies did not expect 
the beneficial factors could be reached to a great extent. 
The differences between the average grades of the as-
sessed beneficial factors and the expected attainability are 
presented in Figure 3. The major differences occur in the 
factors of “BF 2 – Increasing productivity by improved 
processes”, “BF 4 – Lower operation cost and increased 
profit” and “BF 7 Increasing Quality”. Thus it is possi-
ble to conclude that beneficial factors for implementing 
EMS exist, but the non-certified companies expected only 
a limited attainability of these factors. The non-certified 
companies in particular did not expect that they could 
increase productivity and lower operation cost.

The previous sections have shown that there are sig-
nificant differences between the assessments of certified 
and non-certified companies. Hypothesis 3 is not rejected.

Fig. 2. Benefits experienced by certified and expected by 
non-certified companies

Fig. 3. The differences between the average grades of the 
assessed beneficial factors and the expected attainability

5.4. Differences between SMEs and large-scale  
enterprises in the assessments
According to hypothesis 4 a difference between SMEs 
and large-scale enterprises in their assessment of the ben-
eficial factors is expected. However, according to the ana-
lyzed survey data there are only slight differences in the 
assessments. Large-scale enterprises evaluate “BF 11 – 
Legal certainty” as the most important factor. SMEs as-
sess the factor “BF 9 – Improvement of safety and health 
protection” as most important. “BF 11 – Legal certainty” 
comes, in the assessment of the SMEs, in the last third 
of this ranking. “BF 2 – Increasing productivity by im-
proved processes” and “BF 7 – Increasing Quality” are 
the second and third most important beneficial factors for 
SMEs. Table 7 shows the ranking of the top beneficial 
factors of the SMEs in comparison with the large-scale 
enterprises.

Table 7. Ranking of the top 5 beneficial factors of the SMEs 
in comparison with the major enterprises

Abbre-
viation Beneficial Factors SMEs Large scale 

Enterprises

BF 9 Improvement of safety and 
health protection 1 2

BF 2 Increased productivity by 
improved processes 2 3

BF 7 Improvement of quality 3 5

BF 3 Increased overall business 
competitiveness 4 4

BF 4 Lower operating costs and 
increased profit 5 (..)

BF 6
Reduction, reuse and 
recycling of construction 
and demolition wastes

5 (..)

BF 11 Legal certainty (..) 1

BF 5 Improved cooperation with 
authorities (..) 5

Contrary to hypothesis 4, there are no differences 
between the size categories of SMEs and large-scale 
enterprises when assessing the top 5 obstacles for im-
plementing EMS. Both company size categories rate 
“EB 4 – Increase in management and operational costs”, 
“EB 2 – Complicated documentation process”, “EB 6 – 
Lack of trained staff and expertise”, “EB 5 – Difficult 
coordination of environmental performance with subcon-
tractors” and “EB 9 – Lack of governmental pressure” as 
the top 5 barriers to EMS implementation.

As a result, hypothesis 4 can only partly be con-
firmed. There are slight differences in the ranking of the 
beneficial factors but no differences regarding the barri-
ers. It can be seen that SMEs will be particularly moti-
vated to implement EMS if the productivity, the quality 
and safety, and health protection can be improved.
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5.5. “Green aspects” in the procurement of  
subcontractors’ services and supplies
In the survey, 41 of the responding firms were award-
ing contracts to sub-contractors. About two thirds (14) of 
them answered that they generally ensure environmen-
tally sound tendering. However, only 4 of these firms had 
a guideline or handbook for an environmentally friendly 
preparation of tender documents. The clear majority of 
29 (70.7%) of the tendering companies never required 
a certified EMS from the sub-contractors. The remain-
ing participants did so “only rarely” (8) or required EMS 
“occasionally” (4). For 38 companies (92.7%) a certified 
EMS was not important for the selection of suppliers. 
In conclusion, EMS are of secondary importance in the 
procurement of subcontractors’ services and supplies. Hy-
pothesis 5, that German construction companies have not 
implemented environmental aspects comprehensively in 
their procurement of subcontractors and supplies, is con-
firmed. This result also confirms the findings of Jancke 
(2012).

5.6. The connection between EMS and QMS
According to the scientific literature (e.g. Ofori et al. 
2002) it is significantly easier to implement an EMS if 
the company has already implemented a QMS. 22 of the 
firms surveyed have a certified QMS in accordance with 
ISO 9001. All of the firms with a certified EMS first im-
plemented a certified QMS. This can be explained by the 
fact that the ISO 9001 has existed since 1987 and the ISO 
14001:2004 or EMAS were established in the mid-1990s. 
10 of the ISO 9001 certified firms have established their 
certified QMS since the 1990s. 7 (77.7%) of the firms 
with a certified EMS indicated that the ISO 14001:2004 
implementation was easier as they already had ISO 9001. 
From this it follows that hypothesis 6 is not rejected.

The question of whether the statement “in several 
years the certificates in accordance to EMAS and ISO 
14001:2004 will be as widespread as the ISO 9001 stand-
ard” was true was answered without clear consensus: A 
slight majority (55.9%) of the respondents answered with 
“No” and 44.1% with “Yes”. This result is very encourag-
ing in the context of only little interest in environmental 
management issues within the sector. Nearly half of the 
respondents were confident that certified environmental 
management has a good future in the construction indus-
try.

6. Discussion

It should be noted that the proportion of certified com-
panies in the sample is significantly higher than the ratio 
of certified companies in the entire German construction 
sector. This can be explained by the fact that companies 
with a certified EMS are more likely to respond to invi-
tations to participate in such surveys. Many of the firms 
contacted which have not yet adopted an EMS were less 
interested in the topic and thus in answering the question-

naire. Furthermore, the correlation between the compa-
nies’ size category and the presence of a certified EMS 
was confirmed. The share of large-scale enterprises in 
the sample was 32.6%. However, the large-scale enter-
prises make up a share of just 2.2% of the entire Ger-
man construction industry. The certified companies are 
thus disproportionately overrepresented in the sample. It 
can be expected that the implementation rate of elements 
of environmental management in the basic population of 
construction companies is lower.

According to the results of the survey, there is a 
relatively low interest in EMS within the non-certified 
companies surveyed. The majority of the participants was 
convinced that EMS according to ISO 14001:2004 or 
EMAS are not suitable for the construction sector or had 
no opinion about certified EMS in their field of business. 
This may be due to a general lack of knowledge concern-
ing elements of EMS in construction firms. This finding 
is confirmed by the investigation of the barriers to imple-
menting EMS in certified companies. Lack of knowledge, 
a missing scientific basis and the absence of qualified 
consultants are the major barriers for implementing an 
EMS. However, the non-certified companies expect great 
effort involved in introducing an EMS in terms of money, 
human resources and documentation needed. Thus there 
is a need for more information within the sector both as 
to the implementation process itself and on already avail-
able guidelines and manuals for implementing elements 
of environmental management in construction firms. A 
big knowledge gap can also be determined by taking a 
look at the assessed benefits of implementing EMS: the 
motivational factor of “improvement of safety and health 
protection” is the most important driver. But actually 
EMS is designed to continuously improve environmental 
protection. The improvement of safety and health protec-
tion is taken into account by introducing an Occupational 
Health and Safety System (OHSAS). The respondents ex-
pected a great benefit in improving safety and health pro-
tection. Integrating environmental protection in manage-
ment systems can, admittedly, help to improve safety and 
health at work. But of course this is not the core func-
tion of an EMS. The hypothesis of QMS paving the way 
for EMS was confirmed by the large majority (77.7%) 
of the certified responding companies. As a result, the 
introduction of Integrated Management Systems (IMS) 
should be considered to further promote the improvement 
of environmental aspects in the construction sector. IMS 
include quality management, environmental management 
and health and safety issues. By introducing IMS, syner-
gies can be utilized more effectively and thereby money 
and employee effort can be saved.

Green aspects continue to receive only very little at-
tention within the procurement process of German con-
tractors. Only a few companies have guidance for envi-
ronmentally sound procurement. This is because of the 
requirements of the contractors’ clients. Green aspects are 
used only rarely in the procurement process of public and 
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private clients. Hence the incentives for “greening” the 
construction projects are lacking. Only 4 of the certified 
respondents stated that they had advantages in contract 
awards due to their implemented EMS.

A widespread implementation of EMS in a medium-
term time-frame of the next 5–10 years is seen by nearly 
half of the respondents. Thus it seems as if EMS are still 
at an early phase of development in the German construc-
tion sector.

Conclusions and recommendations
Since the global community committed itself to the mis-
sion statement of sustainable and environmentally sound 
development at the United Nations Conference on En-
vironment and Development in Rio de Janeiro in 1992, 
environmental protection has become a fundamental ob-
jective of our society. Environmental awareness is un-
doubtedly growing in many economic sectors. Although 
there have been many studies in Germany about sustain-
ability in the construction sector, EMS remain not exten-
sively implemented.

The purpose of this research article was to study 
the current situation of ecological sustainable corporate 
business management in German construction companies. 
Therefore, the state of implementation of elements of en-
vironmental management systems in German construc-
tion firms was investigated and the barriers and chances 
for environmental management were studied. Account has 
been taken of the fact that the German construction sector 
is characterized by SMEs. Thus it has been considered 
whether SMEs face different barriers and motivational 
factors for an EMS-implementation than large firms. On 
this basis, strategic approaches have been considered to 
foster EMS in the construction sector. On the basis of the 
survey’s results, the following strategic recommendations 
can be made to overcome the major barriers identified:

1) The presence of EMS in construction companies has 
to become a competition factor. This can be achieved 
by the sector‘s clients if they apply environmental 
requirements in their procurement procedures. As 
these requirements have to be fulfilled by the sup-
pliers and subcontractors as well, the contractors 
have to develop processes for ecologically sustain-
able procurement.

2) The SMEs would be particularly motivated to im-
plement EMS if health and safety, productivity and 
quality issues could thereby be improved. There are 
synergies between QMS, EMS and health and safe-
ty management. The implementation of IMS should 
thus be encouraged by consultants and decision-
makers.

3) Practical guidelines for best practice in environmen-
tal management within the sector are already avail-
able, e.g. the “Reference Document on Best Envi-
ronmental Management Practice in the Building and 
Construction Sector” (Joint Research Center, Insti-
tute for Prospective Technological Studies Sustain-

able Production and Consumption Unit 2012). Such 
guidelines have to be widely communicated. This 
could be done, e.g. through campaigns of the main 
association of the German construction industry.

4) The lack of confidence and knowledge in the cer-
tification schemes has to be counteracted by up-to-
date information on the suitability and the benefits 
of certified EMS. This study has shown that certified 
companies benefited from EMS. This result could be 
used to further promote certified EMS in the con-
struction sector.
Green public procurement (GPP) can be an effec-

tive way to transfer our recommendation (1) into practice 
(Varnäs et al. 2009; Uttam et al. 2012; Osebold, Schmidt 
2013; Schmidt, Osebold 2013; Bratt et al. 2013). GPP is 
more than the purchasing of goods and services – it is 
a policy instrument by means of which green thinking 
and innovation can be driven. Public awarding authorities 
serve as a role model in this area and can help to point 
private organizations in the right direction. However, the 
contracting authorities have to conform to strict organized 
awarding procedures. There are various possibilities to 
apply environmental strategies in the public procurement 
procedure. According to the results obtained, the use of 
a selection criterion “Certified EMS” must be viewed as 
critical. As the level of certified EMS adoption turns out 
to be very low, the selection criterion would have a re-
strictive effect on competition. Such a criterion would be-
come more applicable as soon as certified EMS become 
widely established in the construction sector. Thus the 
awarding authorities have to consider other possibilities 
in other aspects of their tenders such as e.g. the bill of 
quantities, technical specifications, contract performance 
clauses or award criteria. Several major public awarding 
authorities in Germany already impose environmental re-
quirements in their procurement process in the stage of 
tender evaluation (Schmidt, Osebold 2013). It can be rec-
ommended that the clients increase the application of en-
vironmental requirements in their procurements to foster 
green thinking in the construction industry. Construction 
companies should therefore start introducing elements of 
environmental management. A proactive approach will 
allow the construction firms to remain highly competitive 
in the future. A survey will be conducted by the authors 
of this paper to investigate the state of application of ele-
ments of GPP and future changes in this context within 
public clients’ organizations in Germany.

In order to address the matters covered in our rec-
ommendation 2 the implementation efforts of EMS have 
to be studied in more detail. According to early German 
publications in this field (e. g. Rieger 1999; Follmann 
1999) the efforts in terms of costs and human resources 
for the processes of introduction and implementation are 
very reasonable. By introducing an IMS, the companies 
can achieve synergetic effects and hence save efforts. As 
a majority of the companies have already implemented 
a QMS, the effort for implementing EMS is much lower 
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than most of the firms expect. Therefore, there are many 
benefits leading to economic advantages. On a strategic 
level EMS can lead to an improvement in competitive-
ness (Testa et al. 2011). Additionally corporate image can 
be improved. The companies have to consider strategi-
cally whether they want to counteract competition that 
is based purely on the price and focus on qualitative as-
pects such as an environmentally sound project process-
ing. As proposed in our recommendation 3, guidelines 
may be of assistance in this respect. To further promote 
certified EMS in the construction industry, it is necessary 
to counteract the lack of confidence and knowledge in the 
certification schemes (recommendation 4). This could be 
reached by agreements between provincial governments 
and the bodies representing the economy such as the “En-
vironmental Pact” in the German federal state Saarland. 
The basis of this agreement is a clear commitment of 
the participants to sustainability: the participating com-
panies voluntarily exceed legal requirements for environ-
mental protection and take further measures such as the 
establishment of EMS. The provincial government sup-
ports these measures through financial support, organiza-
tional measures and the simplification of environmental 
regulations for the participants (Umweltpakt Saar 2012). 
The “Environmental Pact” is a practical way to promote 
EMS in the construction sector. This is shown by the high 
EMAS-certification density in the federal state Saarland: 
13 of the 18 EMAS-certified construction companies in 
Germany are located there (Deutscher Industrie- und 
Handelskammertag 2013).

As there are no geographical boundaries for global 
environmental aspects such as CO2-emissions, the im-
plementation of environmental management elements in 
construction must be dealt with in a global manner. A 
comparison of the major barriers and benefits expected 
and experienced for EMS-implementation in the differ-
ent national construction sectors could help to develop 
approaches for global sustainability standards.
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