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Abstract 

A n E n v i r o n m e n t a l M a n a g e m e n t P l a n 
f o r t h e C o n s t r u c t i o n o f G r e e n B u i l d i n g s 

By Sharon J. Imada, November 2002 

Prepared in partial fulfillment of the requirements of the degree of Master of Environmental 
Design in the Faculty of Environmental Design, University of Calgary. 

Supervised by Professor Tang G. Lee 

Green building construction w i l l become more widespread in the next decade, as the 
demand for resource efficient, less polluting, healthy buildings increases. The purpose 
of this Master's Degree Project was to develop an Environmental Management (EM) 
Plan for construction managers to use in the construction phase of green buildings. The 
project was derived from the researcher's findings that, although there was a large body 
of knowledge i n green building design methods, there existed only fragmented 
information on the environmental issues that occur within the construction phase of a 
building project, and very few references to associated management strategies. 

A series of surveys to building professionals in Canada and the United States, and 
interviews with local (Calgary) building construction experts, were undertaken. The 
surveys and interviews primarily identified the currently practiced environmental 
initiatives in green and conventional building construction, and the existing 
accompanying management strategies. The researcher integrated the survey and 
interview findings with conceptual theories such as Environmental Management 
Systems and Total Quality Management, and case studies. The result of this analysis 
was a coherent, complete E M Plan for building construction, designed to fit into a 
construction firm's project management framework. 

The E M Plan lies within the overlap between the concepts of the environment, 
management and construction sectors. A n attitudinal or 'paradigm shift i n thinking' is 
required to successfully integrate the plan into the project management framework. 
The E M Plan is considered a process, and consists of four phases: planning, 
implementation, evaluation, and continual improvement. These phases in turn are 
composed of several elements that are integral to the success of the plan. 

Key words: environmental management plan, EMP, environmental management system, EMS, green 
building, green building construction, building construction, construction management, construction 
manager, general contractor, construction. 
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Chapter 1 : Introduction 

1.1. Chapter Overview 

This chapter introduces the Master 's Degree Project (MDP). It states the project 

purpose and objectives, importance, and limitations. The research methodology is 

described, and finally, the document overview is given. 

1.2. Project Purpose 

The purpose of this M D P is to provide an environmental management plan that can be 

used by a construction manager in the construction of green buildings. The 

environmental management plan w i l l include a management process, which in turn 

consists of management strategies that w i l l enable mitigation or elimination of 

environmental impacts. 

Green buildings are defined in this M D P as buildings that are designed, constructed 

and operated wi th the environment i n mind. 

1.3. Project Objectives 

There are five objectives for this project. They are: 

1. Identify the environmental issues stemming from green building design 

requirements and construction activities. 

2. Determine drivers for and barriers to the implementation of an 

environmental management plan for green building construction. 

3. Document current building practices. 

4. Document existing applicable or supporting management frameworks. 

5. Analyse findings from the previous objectives and develop a plan for green 

building construction. 
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1.4. Significance of this MDP 

The need for professionals to design and construct green buildings is growing rapidly. 

The appeal of green buildings can be attributed to the onset of rising energy costs, 

implications of climate change, destruction of ecosystems, and thoughts toward 

personal well-being. 

In order to construct green buildings, there is a need for changes in the way 

construction projects are managed. The current construction management approach 

can result i n actions that encourage environmental destruction, poor quality control, 

and wasteful behaviour. There also exists a misconception that costs are significantly 

higher for green building construction. In green building construction practice, the 

construction 'team' works together to produce a high quality, 'healthy' building, while 

minimizing the impact on the environment, and reducing future costs realized during 

the operation of the building. 

While design methods for green buildings are well documented, and precedents 

abound, there is little work done on green building construction. This lack of 

knowledge impedes truly green buildings from being constructed. Construction firms 

are being pressured by clients and architects to construct buildings that maintain the 

green aspects inherent in the design. The industry would benefit from an 

environmental construction management plan that could be followed through the 

construction process. 

It is believed that by developing an environmental management strategy for green 

building construction, any environmental requirement for a green building project can 

be implemented successfully. Therefore, this research focuses more on management 

strategies, rather than on the methods, to satisfy environmental requirements. 
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1.5. Research Methodology 

To achieve the goal and objectives of this project, a research methodology was laid out. 

It was thought by the researcher that a review of theories pertaining to the area of 

concentration, along with a study on current practices, would satisfy the project 

requirements. A s such, it was recognized that there existed documented knowledge on 

subjects relating to environmental management in building construction. These 

resources were sought out by way of a literature review and conferences. 

Current practices were sought in order to gain a 'snapshot in time' of the measures used 

in both green and conventional building construction. Surveys and interviews were 

chosen to satisfy this purpose. The surveys allowed for a multitude of building 

construction professionals to be questioned about this topic in a relatively simple, non-

intrusive manner. The interviews complemented the survey in obtaining more detailed 

opinions from experts in the field. 

The information obtained from the methods described in the prior paragraphs was then 

collated in a detailed analysis period. In this analysis stage of the project, the researcher 

used her judgement in reviewing, comparing, and prioritizing the information gained. 

This analysis culminated i n an organization of the research into an environmental 

management plan. Conclusions were drawn as well as recommendations and next 

steps for contractors and project managers embarking on the route of green building 

construction. 

More detailed explanations of the research methods used in this project are described i n 

the following sub-sections. 

1.5.1. LiteratureReview 

Existing literature sources reviewed included: environmental construction methods, 

barriers to environmental management, environmental management systems, project 
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management practices, and published green building construction case studies. Also , 

green bui lding accreditation programs and evaluation software were examined. 

The literature review was conducted using the media classifications of books and texts, 

websites and listserves, and journals and magazines. 

1.5.2. Conference Attendance 

Practical information was accumulated through attendance at North American 

seminars that focus on issues dealing with environmental building practices. A 

workshop entitled 'Encouraging Sustainable Behaviour' was attended, as wel l as the 

conferences 'Sustainable Building Symposium' and 'Energy Environment Conference'. 

1.5.3. Surveys 

The objectives of the survey portion of the project were to: 

1. Determine the extent to which documented environmental issues are 

addressed i n green building construction. 

2. Determine the viability of various management strategies in green building 

construction. 

3. Compare the environmental initiatives addressed i n construction phase of 

green building projects versus those addressed i n conventional building 

projects. 

4. Determine current management practices in order to allow for the integration 

of management components required for green building construction. 

5. Obtain a feel for the potential of green building in the future versus the 

current stance on green building from local non-green builders. 

Two main surveys were distributed i n order to satisfy these objectives. The first survey 

was directed to general contractors, architects, project managers and other specialists 

currently involved with green building construction. The second survey was directed 
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to local (Calgary) construction managers practicing conventional (non-green) building 

construction. A follow-up survey was conducted with construction managers, project 

managers and general contractors who participated in the first survey mentioned 

above. The surveys were analysed independently and then subsequently, comparisons 

were made between the surveys. Detailed information on the survey can be found in 

Chapter 6 and i n Appendix A . 

1.5.4. Interviews 

Several interviews were undertaken in the M D P process. Telephone and face-to-face 

interviews with experts i n the field of buildings and the environment were held to 

clarify and augment the discussions on environmental issues in building construction 

and current building construction. 

1.5.5. Analysis 

Using information gained from the previous sources, a comparative analysis was 

performed. A mix of qualitative and quantitative comparisons was undertaken. This 

approach was chosen as a purely quantitative approach tends to restrict comparisons to 

simple variables, which, without context, can lose relevance [Pasquero, 1988]. Instead, a 

qualitative approach was taken when appropriate, which allows for comparative 

content and contextual patterns analysis, without compromising "contextual richness" 

[Pasquero, 1988, 200]. 

The comparative analysis meshed the theoretical strategies gathered i n the literature 

review, and practical measures gathered from conferences, case studies, and survey and 

interview results, to create the proposed environmental management plan for green 

building construction. Conclusions, recommendations for further research, and next 

steps also grew out of this analysis stage. 

It should be noted that the researcher's previous related experience also played a part in 

the analysis. The related experience included: two years experience as a project 
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coordinator for multi-family and commercial construction projects, and another two 

years experience managing the implementation of telecommunications projects. It is 

felt that this experience allowed learnt intuition to shape the results. However, this 

intuition was continually questioned and reviewed, to ensure that pre-conceptions d id 

not adversely affect the outcome. 

1.6. Research Limitations 

There were a few limitations experienced i n this research project. First, the project 

primarily applies to new building construction. Although some references to building 

renovation and demolition are made, these practices were not considered i n the 

development of the environmental management plan. 

Secondly, the project centres on the construction of residential subdivision (multi 

single-family), and multi-family, commercial, and institutional buildings. As 

uncovered i n the survey and literature, the construction of environmental singular 

single family dwellings are typically managed in a different manner. In particular, 

sometimes the owner builds or manages stages of the house construction, which 

eliminates or changes the role of the general contractor in the project. It is thought that 

industrial bui lding construction may entail specific environmental issues that are 

beyond the scope of this project. 

Finally, this project is generally limited to the North American context. Although some 

of the literature reviewed originated from Europe and Asia , the majority of 

documentation was from North America. The green building survey participants 

practiced in the United States and/or Canada. There are also many references in this 

document to the Calgary environment, including interviews with local practitioners 

involved i n building construction, and surveys of local builders. Therefore, the 

environmental management plan is aimed at local builders who have contemplated 

being involved with green buildings. 
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1.7. DocumentOverview 

To ensure a complete understanding of what this M D P is achieving, Chapter 2 

introduces the concept of green buildings, by looking to its history, and its place in 

today's context. 

Chapters 3,4, and 5 relay the current literature on subjects pertinent the development of 

the environmental management plan. Specifically, the environmental issues 

experienced i n building construction and the associated impact are described in 

Chapter 3. Chapter 4 gives insight into current building construction practices, to aid 

in al lowing the environmental management plan relate to where builders are now. It 

also discusses current drivers for and barriers to green building construction. 

Management processes and strategies derived from the green building, project 

management, and environmental management industries are presented i n Chapter 5. 

The survey portion of the M D P is presented i n Chapter 6. Then, the information 

collated i n the previous chapters is synthesized into an environmental management 

plan for building construction, which is presented in Chapter 7. Finally, Chapter 8 

concludes the M D P by summarizing the findings and stating key recommendations. 
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Chapter 2: An Introduction to Green Buildings 

2.1. Chapter Overview 

This chapter explains the concept of green buildings. It starts with the origins of green 

building, and discusses green building in the current context. Green buildings are then 

linked to the greater concept of sustainability. 

2.2. The Origins of Green Building 

The bui lding industry has changed dramatically within the last century. The researcher 

believes that three distinct eras of building construction can be described within the 

paradigms: pre-industrialization, post-industrialization, and the most recent age of 

realization. These are explained i n the following sub-sections. 

2.2.1. Pre-industrialization 

Historically, green building was realized everywhere. A s evidenced today, when 

buildings were abandoned, they slowly, organically returned to their natural state upon 

the earth. This is still evident today as shown in Figure 2.2.1 [Imada, 1996, and Shelter, 

1973]. 

Figure 2.2.1: Examples of ruins: organic buildings returning to their natural state. 
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Buildings were sited to take advantage of the properties of the climate they were 

situated in , and worked within the natural systems, because there was no 'climate 

control' available. To achieve comfort, buildings were closed in, protected from w i n d , 

and heavily insulated in cold climates, and open, airy and shaded from the sun in warm 

climates. Examples of climate specific buildings are shown in Figure 2.2.2 [Shelter, 

1973]. 

Figure 2.2.2: Examples of climate specific buildings: adobe and earth sheltered 
buildings. 

Traditional building techniques were also 'green' in nature. Local resources were 

extracted in moderation as materials for buildings had to be derived using only 

geological, geochemical, and solar processes [Kibert, 1999]. Figure 2.2.3 shows 

examples of buildings built wi th local, organic materials [Shelter, 1973]. The only mass 

movement of materials were from the forces of geology or weather systems [Kibert, 

1999]. Energy was provided by humans, animals or by the sun. Building heights were 

limited by the reach of human's hands, and the size of the building by the amount of 

time required for manual construction. Organic adhesives and joinery were the norm 

as synthetic and contrived connectors were simply not available. 
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Figure 2.2.3: Examples of bui ldings bui l t w i t h local, organic materials: b u i l d i n g 
carved i n stone and strawbale b u i l d i n g . 

2.2.2. Post-Industrialization 

With the advent of the industrial revolution, traditional building methods for the most 

part disappeared in North America. The Worldwatch Institute1 believes that the 

problems caused by building lie in the industrial revolution, "which made invisible 

much that used to be visible". [Roodman, 1995,10]. The Institute goes on to say that 

mechanization and specialization have made the individual worker much more 

productive. 

The effect of mechanization can be seen i n many aspects. The combustion engine 

generated energy for buildings that could be built faster. Machinery allowed for 

heavier and larger materials to be used, so that skyscrapers were soon reaching for new 

heights. Machinery also allowed for greater and faster extraction of natural resources. 

Synthetic materials were invented that guaranteed persistency, which disallowed them 

from being broken down by the sun. Trucks, trains, and water vessels allowed 

materials to be transported virtually around the globe, allowing exclusive Italian marble 

to grace the counter of a Canadian hotel, as well as allowing cheap labour and supply to 

1 The Worldwatch Institute is a non-profit research organization "dedicated to informing policymakers 
and the public about emerging global problems and trends and the complex links between the w o r l d 
economy and its environmental support systems" [Worldwatch, 2002]. 
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dictate the path of a raw material to finished product. Fossil fuels started to be pumped 

faster out of the earth, allowing for a 'cheap' energy in monetary terms. 

Specialization of the players within building construction process also contributed to 

the huge impacts on the environment [Roodman, 1995 and Kibert, 1999]. Where before 

builders were aware of all activities that made up the building, from resource extraction 

to finished product, they had more accountability on environmental issues and also 

more control. They could see their impact on the environment. In contrast, after the 

industrial revolution, perhaps hundreds of people were involved i n the evolution of a 

building, from the miner to the distributor, sub-contractor to the construction manager, 

and investor to the designer. Because of the multitude of players, control was all but 

lost. There was virtually no accountability on the part of the builder. The industrial 

revolution made conditions in which the people delivering the finished product were 

unaware of the environmental destruction incurred in the process. 

The industrial revolution led to another evolution in the history of building that 

influenced the way buildings were constructed - the advent of building codes and 

regulations. Unt i l the nineteenth century, buildings were constructed without any such 

restrictions. Because of the industrial revolution, the nature and use of buildings began 

to change [Mendier, 2000]. 

The result of the industrial revolution has been an unsustainable construction process. 

The earth has been altered due to extraction rates of building components. The large 

footprint of construction activities has affected natural ecosystems. The surrounding 

water systems, land and air have been affected by construction waste. Buildings have 

an increasingly short-term lifespan, and natural resources such as fossil fuels and water 

are used i n excess. 
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2.2.3. Age of Realization 

In recent history, builders have begun to understand the implications of their actions to 

the environment. Between 1973 and 1985, energy intensity declined, largely because of 

oil price shocks in 1973 and 1979 [Environment Canada, 1996]. Buildings that decreased 

dependence on fossil fuels were sought out. 

Growing concern for the rising amounts of greenhouse gases in our atmosphere and 

subsequent effects labelled climate change led to the Kyoto Agreement in 1997. 

Although this agreement has yet to be ratified by the Canadian and United States 

government, it has had significant effect on the actions of the public and private sectors, 

as well as individuals. 

Also , concern grew about unsustainable forestry and the over mining of natural 

resources. V i rg in materials used heavily i n the building industry were leading to vast 

destruction of whole ecosystems. Other cumulative effects were realized, such as the 

depletion of the ozone layer due to the release of C F C s into the atmosphere. 

In the development of the concept of green buildings there arose an opportunity to 

reduce costs i n bui lding construction and operation. Simpler designs with minimal 

materials, and the reuse and recycling of materials allowed for less capital costs. As 

well , buildings that conserved energy through optimized heating and lighting systems, 

and climate-specific design saved thousands of dollars in operating costs. Green 

buildings also attracted people with their natural aesthetics and healthier l iving 

attributes. Naturally daylighted spaces with good air quality made people comfortable 

which improved both productivity and quality of life. 

2.3. Green Buildings in Today's Context 

Today's buildings are a huge advancement for humankind. Beyond the basic need of 

shelter, buildings provide humans with a 'perfect' climate, full of conveniences, and are 
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clean and aesthetic. By 'perfect' climate, it is meant that very little temperature and 

moisture fluctuations are allowed, in order to maintain a very comfortable ambience. 

However, what most people do not realize is that these buildings come with hidden 

costs. According to the Worldwatch Institute, the construction and operation of 

buildings "inflict grievous harm upon the environment, threatening to degrade the 

future habitability of the planet" [Roodman, 1995, 5]. Furthermore, it is evident that 

today's buildings compromise the comfort and health of occupants by subjecting them 

to poor indoor air quality. Rocky Mountain Institute2 suggests that today's buildings 

place "undue demands on the earth" and "neglect their occupants" [Barnett, 1995,1]. 

Figure 2.3.1 illustrates the usage of resources in the building construction industry i n 

the United States [Roodman, 1995]. These staggering statistics indicate the devastating 

effect that buildings have on our planet. 

40 
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Figure 2.3.1: Usage of resources in the construction of United States buildings as a 
percentage of total usage worldwide. 

2 Rocky Mounta in Institute is a non-profit organization "that fosters the efficient and restorative use of 
resources to create a more secure, prosperous, and life-sustaining w o r l d " [RMI, 2002]. 
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A s well , approximately 30 percent of new and renovated buildings suffer from sick-

building syndrome (SBS) [Roodman, 1995]. SBS is a term that describes a collection of 

symptoms experienced by occupants of a building, such as headaches, nausea, fatigue, 

dizziness, coughing, irritated eyes, and throat irritation [Wilson, 1996], stemming from 

exposure to airborne pollutants. A t first these symptoms improve or go away when the 

occupants leave the building, however, in some cases, SBS can lead to chronic illness 

from a weakened immune system, chemical sensitivity and accumulation. 

Green buildings, i n contrast, are buildings in which the environment is considered 

during the planning, design, construction and operation phases. This is done through a 

collaboration of techniques, examples of which are: energy efficient design, use of non

toxic components, erosion control during construction, and maintenance program for 

mechanical system. According to Charles Kibert 3 , the motivation behind green 

buildings is to reduce resource consumption and waste, and to protect the function and 

biodiversity of natural systems. The desired outcomes are societies that consume 

energy, water, and materials at a replenishable rate [Kibert, 1999]. Figure 2.3.2 shows 

examples of modern green buildings [Busby, undated, U B C , 2000, and O R S A , undated]. 

Figure 2.3.2: Examples of modern green buildings - Materials Testing Facility, CK 
Choi Building, and Mountain Equipment Co-op store. 

3 Charles Kibert is the Director of the M . E . Rinker, Senior School of Bui lding Construction, University of 
Florida. H e is a leading expert i n the specialties of construction ecology and metabolism, sustainability, 
high-performance buildings, and construction recycling and waste reduction [University of Florida, 
undated]. 
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These buildings consist of a high percentage of recycled or reused materials. They also 

have attributes that allow for water and energy conservation. The effects of regular 

buildings on the environment, and a comparison of regular buildings versus green 

building are shown i n Table 2.3.1. 

To attain a green building, people must do more with less. The Worldwatch Institute 

suggests that "scarcity has often been the mother of invention, spurring myriad cultures 

over thousands of years to perfect ways to do more with less" [Roodman, 1995,25]. 

True to this statement, there has been and continues to be giant leaps in invention of 

green building measures, such as 90-plus percent efficient mechanical systems, non

toxic products derived from waste materials, modern composting toilets, and solar 

panels able to generate power. 

A n Environmental Design & Construction (ED&C) 4 survey performed i n 1997 indicated 

that 20 percent of new construction projects in the United States incorporates green 

features today. 94 percent of the respondents (designers and builders) were already 

incorporating aspects or environmentally considerate elements in their architectural 

design or construction processes. 76 percent thought that this percentage w o u l d 

increase within the next year [Johnston, 2000]. 

2.4. The 'Next' Industrial Revolution 

Some experts assert that one must go a step beyond efficient buildings and strive for 

regenerative buildings, which are buildings that are net producers. Instead of 

continually extracting from the earth and expelling pollutants to the water, land, and 

atmosphere, these buildings generate energy, food, clean water and air, beauty, and 

ultimately, a healthy human and biological community [Barnett, 1995]. 

Environmental Design & Construction is a magazine that specializes i n green bui lding. 
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Aspect Non-Green Buildings Effect on the Environment Green Buildings 
Siting • Little regard for local climate and 

landscape 
• Ecosystem destruction 
• Premature deterioration of 

materials 
• Excessive uses of energy and 

water (see effects below) 

• Siting (location, orientation) of the 
bui lding fits the landscape 

• H i g h regard for local climate (i.e., 
use of different facades, native 
landscaping) 

Energy • Excessive use of energy 
• Inefficient use of energy 

• A i r pollution (acid rain, smog) 
• Climate change 
• Land alteration from extraction of 

fossil fuels 
• Nuclear waste and river dams 

• Efficient energy use 
• Generation of energy, e.g., solar, 

w i n d , geothermal 

Water • Excessive use of water 
• Inefficient use of water 

• Altering of habitat through water 
treatment processes 

• Displacement of water leading to 
destruction of habitat 

• Efficient water use 
• Capture of rain for building's use 
• Recapture of grey water for reuse 
• Treatment of waste water onsite 

Material and 
Resources 

• Wasteful material consumption 
• Long transportation distances 
• Large generation of waste 

• A i r , land, and water pollution 
from extraction, refining, 
manufacturing and transport 

• Landscape alteration, climate 
change, and water pollution due 
to landfills 

• Use of recycled or reused materials 
• Locally sourced materials 
• Use of minimally processed 

materials 
• Reuse and recycling of unused 

bui ld ing materials 

Indoor A i r Quality • Compromised air quality due to 
material choices and mechanical 
systems 

• Emissions of pollutants to the air 
• Adverse effect on occupants 

leading to illness 

• L o w offgasing and inert materials 
• Good mechanical system which 

provides ample fresh air 

Table 2.3.1: Comparison of regular buildings versus green buildings and the effect on the environment. 
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Wil l iam M c D o n o u g h 5 coins this new way of thinking as 'the next industrial revolution'. 

In this 'next' revolution, McDonough advocates the opportunities of eco-effectiveness as 

a replacement of the notion of eco-efficiency [McDonough, 1998]. Eco-efficiency 

means working to reduce the harmful elements in buildings. For example, the effect of 

hazardous chemicals on workers, or materials causing environmental destruction at 

source w o u l d be reduced in an eco-efficient framework. In contrast, by eco-

effectiveness principles, a potentially harmful chemical or material with questionable 

environmental integrity w o u l d not be used in the first place. 

In a w o r l d of eco-effectiveness, there exists no waste. For instance, every material used 

in the building, be it gaseous, l iquid, or solid, provides nourishment for something else 

after its useful lifetime. This implies that the biodegradable materials are left to feed the 

microbes of the earth, and the non-biodegradable components continually get fed back 

into closed-loop industrial cycles. 

Eco-effectiveness can also be applied to the case of a whole building system. 

McDonough imagines a building as a type of tree. "It would purify air, accrue solar 

income, produce more energy than it consumes, create shade and habitat, enrich soil, 

and change with the seasons" [McDonough, 1998]. Buildings systems, in this manner, 

w o u l d filter out chemicals and other impurities in air instead of creating more 

impurities in the usual 'exhaust' air. Communities of these 'tree' buildings could treat 

wastewater without the traditional chemically treated water and sludge output and 

could close the loop on non-biodegradable products. 

Charles Kibert has similar ideas in applying lessons learned from ecosystem behaviour 

to the construction industry. He calls this 'construction ecology'. He suggests that 

humans could emulate natural ecosystems and transition their activities to be more 

sustainable [Kibert, 2000]. Kibert suggest that one lesson to be learned is that a cyclic 

5 W i l l i a m M c D o n o u g h is a leading architect and sustainable product designer. H e is the principal of the 
firms W i l l i a m M c D o n o u g h + Partners and McDonough Braungart Design Chemistry[McDonough, 
undated]. 
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economy is more efficient than the linear one that predominantly exists today. 

A p p l y i n g this theory to materials, he suggests that natural resources are one such linear 

activity, and that continued extraction and associated transportation need is putting the 

earth i n an unbalance. In a cyclic economy, materials would be recycled, reused, and 

salvaged from old buildings and other products for use i n new buildings. This re

cycling and associated lack of waste would result in a more efficient process and w o u l d 

aid in rebalancing the earth. 

Biomimicry is a new scientific term coined by Janine Benyus 6 . Its phonetic transcription 

is 'imitating life'. Biomimimcry has three main principles [Benyus, 1997]: 

1. Nature as model, meaning that we should use nature's creation as an 

inspiration for our own designs. 

2. Nature as measure, meaning that we should learn from nature's evolution 

and ensure that our inventions is appropriate, lasting, and works. 

3. Nature as mentor, meaning that we need to view and value nature 

differently, and should learn from nature as opposed to extracting from it. 

Biomimicry principles can be applied to all products and processes including the 

construction of buildings. For instance, termite hills, as seen i n Figure 2.4.1, could act as 

a model for building construction in hot climates [Africa Guide, 1996-2002]. Termites 

use the stack effect and thermal mass to cool the air in these hills. They also ensure 

sufficient ventilation by incorporating numerous openings on the sides of the 

structures. 

By using biomimicry principles, builders could ensure that building construction 

processes are inline with nature's standards. The concept of nature's standards refers to 

the rules that exist in nature that must be followed to ensure sustainability of the whole 

earth ecosystem. Non-human animals and plants follow these rules; however, it is 

6 Janine Benyus is a life sciences writer and author of Biomimicry [Benyus, 1997]. 
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becoming apparent that humans do not. Examples of nature's standards are: recycling 

of nutrients, use of renewable energy sources, and zero waste. Extending this concept 

to building, designers should work with nature on a site instead of moulding it into a 

contrived environment to suit human's convenience. Constructors should then ensure 

that their practices follow the natural standards so as not to put in peril the future of life 

on this planet. 

Figure 2.4.1: Example of a natural model for b u i l d i n g - termite hill. 

John T. L y l e 7 was a pioneer in the regenerative design movement. He saw 

environmental design as being "where the earth and its processes join with human 

culture and behaviour to create form" [Lyle, 1994, ix]. Regenerative design stemmed 

from differences i n current human practice from natural processes; where nature is 

every varying and endlessly complex, human invention is relatively simple forms and 

processes that are repeated around the world [Lyle, 1994]. Also, as shown i n Figures 

2.4.2 and 2.4.3, nature has a cyclical motion for materials, energy, air, and water, 

whereas humans generally adopt a one-way flow model [adapted from European 

Commission, 1999]. 

7 John T. Lyle , one of the world's foremost authorities on environmental design and regenerative systems, 
was the founder of the John T. Lyle Center for Regenerative Studies, California State Polytechnic 
University, Pomona [Lyle, 1994]. 
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Input Output 

Air •• AirPoIIution 

Water * > • • • Wastewater 

Energy . ^ . Waste Heat 

Materials •» Solid Waste 

Figure 2.4.3: Linear flow of air, water, energy and materials adopted by modem day 
humans. 
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In all of the concepts described in this section, there is a suggestion that for true re

integration of humans within the natural world , there must be a paradigm shift in 

human's thinking about their place in the world. Instead of 'conquering' the earth, 

humans must understand that they are part of this large and intricate ecosystem, and 

every decision they make changes the parameters. Humans must see themselves "as 

one vote i n a parliament of 30 mil l ion (maybe even 100 million), a species among 

species" [Benyus, 1997, 8]. 

2.5. Green Buildings in the Larger Context of Sustainability 

Sustainability is a term that is often used but does not have a definitive explanation. 

One of the widely known explanations of sustainability is taken from the Our Common 

Future report from the Brundtland Commission 8 in 1997. In the report, the definition of 

sustainable development is "development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs." [SDInfo, 2002]. 

A more detailed explanation of sustainability is offered by Charles Kibert, who suggests 

that "the goal of sustainability is to guide the economic and social forces of the earth's 

nations to live within the goods and services provided by ecosystems and naturally 

occurring sources of energy (solar, geothermal, tidal) without reducing the availability 

of these goods, service, and energy sources for future generations. Implicit in this 

notion is that pollution must also be limited to stabilized levels and types that can be 

assimilated by natural systems without compromising their function and human 

health" [Kibert, 1999,19]. 

This statement suggests that within the term sustainability, society, economics, and the 

environment are intricately linked. If applied to a sustainable wor ld , this implies that 

an interwoven web comprised of societal, environmental, and economics issues w o u l d 

be considered in all decisions and transactions. 

8 The Brundtland Commission was the W o r l d Commission on Environment and Development and wrote 
Our Common Future [SDInfo, 2002]. 
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In the province of Alberta, the Pembina Institute 9 has developed a method for 

measuring the sustainability of nations or states. Economic, personal-societal and 

environmental indicators are combined to make up a total Genuine Progress Indicator 

(GPI). For Alberta, it was found that from 1961 to 1999, the GPI has declined by 0.5 

percent per year, in contrast with the traditional economic measure Gross Domestic 

Product (GDP), which in the same time frame, increased by about 4.5 percent per year 

[Anielski, 2001]. 

Pembina describes a sustainable society as "one in which all four forms of capital -

human, social, natural and produced - are managed so they are in equilibrium; that is, 

they are stable at sufficient levels over time. The focus w o u l d thus be to maintain the 

stock, flow and quality of all capital" [Anielski, 2001, 33]. 

Unfortunately, this is not achieved in today's world . In most cases, decisions are driven 

by economics alone. This is exemplified by mass movements such as globalization, 

which although allows for the cheaper flow of materials from extraction to market, 

compromises the environment by creating a greater footprint of environmental 

destruction through lax environmental regulations in some participating countries, 

destruction of ecosystems, more means to produce products, and vast transportation 

distances. 

Globalization as well does not take into account societies, as it compromises the 

autonomy of citizens of other countries, by displacing them from their homes and 

disrupting their cultural practices and livelihood and replacing it wi th a Western 

perspective. Tying this together with the environment, it has been suggested that the 

earth w o u l d be unable to support the world population l iving to Western standards. In 

9 The Pembina Institute is a non-profit organization in Alberta, Canada, that conducts environmental 
policy research and education. Pembina offers "holistic and practical solutions for a sustainable w o r l d 
[Pembina Institute, undated]. 
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Our Ecological Footprint, Wackernagel and Rees 1 0 speculate that North Americans are 

exceeding their "fair share" of the earth's resources, and "if everybody on Earth enjoyed 

the same ecological standards as North Americans, we would require three Earths to 

satisfy aggregate material demand using prevailing technology" [Wackernagel, 1996, 

89]. 

There have been many iterations of how buildings should be designed, constructed and 

operated within sustainable guidelines. One of the most popular ideas is that of The 

Hannover Principles, derived by Wi l lam McDonough Architects for the 2000 Wor ld 

Exposition i n Hannover, Germany. The Hannover Principles are [McDonough, 1992]: 

1. Insist on rights of humanity and nature to co-exist. 

2. Recognize interdependence. 

3. Respect relationships between spirit and matter. 

4. Accept responsibility for the consequences of design. 

5. Create safe objects of long-term value. 

6. Eliminate the concept of waste. 

7. Rely on natural energy flows. 

8. Understand the limitations of design. 

9. Seek constant improvement by the sharing of knowledge. 

It is thought by the researcher that the Hannover Principles' acknowledgement of the 

'relationships between spirit and matter' refers to the idea that spirit plays a large part 

in the make up of individuals and societies. A process that considers only the physical 

requirements of humans and communities would not satisfy the entirety of human's 

needs and therefore such a process would not be sustainable. 

1 0 Mathis Wackernagel has a planning doctorate and W i l l i a m Rees is Professor and Director of the School 
of Communi ty and Regional Planning at University of British Columbia [Wackernagel, 1996]. 
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In 'understanding the limitations of design', it is postulated by the researcher that there 

are some actions that cannot be controlled by the designer. Users' actions, for instance, 

can alter the intent of the design. In building projects, designers set out the vision and 

the guidelines, however, the constructors and occupants play a part in keeping intact 

the designer's intention. 

The intent of these principles is that they w i l l transform and grow as the knowledge of 

human's interdependence with nature evolves. McDonough suggests that the five 

elements that have been passed down from the ancient wor ld can act as a framework 

for design today - those of earth (materials, solid waste), air (pollution, w i n d , noise), 

fire (energy), water, and spirit [McDonough, 1992]. 

It must be noted that the term sustainability is often used in the wrong context. People 

often refer to sustainability in terms of an environment that w i l l sustain humans on 

earth, or in sustaining economic profit. These contexts are not the intent of the term 

sustainable. To be truly sustainable, social, environment and economics must be 

interwoven. 

This M D P concentrates on the concept of green building construction as opposed to 

sustainable bui lding construction. The reason for this departure is that the construction 

industry is just beginning to understand the concepts involved with buildings and their 

impacts on the environment. To marry the concept to green building construction wi th 

the concepts of societal value and economic good was felt to be too large for the scope 

and time allowed for this project. Instead, it is felt that this M D P can be taken as a step 

towards research in sustainable building construction. 

2.6. Chapter Summary 

For our ancestors, green building was the norm. Due to necessity, the industrial 

revolution spurred on unsustainable building practices with the invention of the 

combustion engine and move towards production line type building processes. 
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The oil crisis in the 1970s and subsequent news of environmental pollution and 

destruction caused a rethinking of how human's activities have been affecting the earth. 

A s a result, green building construction is becoming more prevalent. Furthermore, new 

ways of thinking suggest that humans need to fully integrate with and learn from 

nature. 

The environmental protection strived for in green building is described as one part of 

the term sustainability, with the other interwoven parts being society and economics. 
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Chapter 3: Environmental Issues in Building Construction 

3.1. Chapter Overview 

The last chapter illustrated the merits of green building over current building 

practices. This chapter focuses on the environmental issues that arise during the 

building process, specifically in the construction phase. 

3.2. Development of Environmental Issues in Building Construction 

To develop the list of environmental issues in building construction, many 

sources were consulted. A literature review was performed, in which books, 

journal articles, reports, and authoritative webpages were consulted. It appeared 

that the subject of environmental issues in the construction phase of building 

projects is not well documented, unlike for the design phase. However, a 

reasonable amount of information was obtained. Of particular relevance are the 

green building certification programs and technical manuals, which are outlined 

in following subsections. 

In depth questions were asked to experts in particular fields, to achieve a better 

understanding of each issue. Finally, background information was sought out on 

the impact of building construction activities on the local and global 

environment. This information was used to further justify the environmental 

issues identified. 

3.3. Certification Programs 

The most prevalent green building certification programs in Canada are: 

• L E E D (Leadership i n Energy and Environmental Design) 

• B R E E A M (BRE Environmental Assessment Methodology) 

• C-2000 
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A l l of these programs have requirements for environmental management i n 

construction. A n overview of each program with respect to the construction 

phase of green building process is given below. The environmental 

requirements of the three programs are compared in Table 3.3.1. 

3.3.1. LEED 

L E E D is self-evaluation certification program developed by the United States 

Green Building Council (USGBC). It is the most developed green buildings 

certification program with respect to the construction phase. In L E E D 

certification, requirements are either pre-requisites or credits. The sum of the 

credits determines the standing achieved. Out of the 64 total available credits, 19 

are directly affected by the construction phase, in the categories of site, energy, 

materials, and indoor environmental quality. In addition, 5 credits are reserved 

for innovation, which can be achieved in the construction phase. The L E E D 

system platinum level is 52+ credits, gold is 39-51, silver is 33-38, and certified is 

26-32 [USGBC, 2000]. 

3.3.2. BREEAM 

B R E E A M was originally developed by the BRE (Building Research 

Establishment) in the United Kingdom, and further developed specifically for the 

Canadian context by the private firm, E C D Energy and Environment Canada 

Ltd . B R E E A M requirements currently affect the design and operation of 

buildings. However, E C D is in the process of developing guidelines for its 

B R E E A M program with respect to the construction phase. The document is 

currently in draft mode. In this draft, B R E E A M has requirements for energy, 

materials, site, emissions, effluents and other impacts, and indoor environment 

[ECD, 2002]. 
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3.3.3. C-2000 

C-2000 is a Canadian government initiative targeting commercial buildings 

developed by the Buildings Group at the C A N M E T Energy Technology Centre, 

Natural Resources Canada. The C-2000 guidelines were originally developed in 

1995 and it is anticipated that an update w i l l be released i n the next year. In the 

meantime, a C-2000 Process Design A i d has been developed for use by green 

building project teams [NRCan, 2000]. The C-2000 program also advocates 

environmental management practices, outlined in Chapter 5. 

3.4. Green Building Guidelines and Manuals 

There are several green building guidelines and manuals available today, i n print 

and online. These guidelines and manuals cover the spectrum of aspects i n the 

green building process, from planning to operations. Included i n the next 

subsections are the guidelines found that are applicable to the construction phase 

of environmental building projects, from four sources: 

• Green Buildings BC 

• Santa Monica Green Building Design & Construction Guidelines 

• Sustainable Building Technical Manual 

• H O K Guidebook to Sustainable Design 

Each document is briefly described below. A comparison of environmental 

issues identified i n the guidelines and manuals follows in Table 3.4.1. 
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Category LEED B R E E A M C-2000 
Site • Erosion and sedimentation 

control (pre-requisite) 
• Reduced site disturbance -

conserve existing natural areas 
and restore damaged areas 

• Minimization of pollution on the 
land 

• Enhancement and preservation 
of local ecology 

• Preservation of site watersheds 
and ground water 

• Reduce site disturbance or 
rehabilitate site 

• Maintain surface water runoff 
and water retention 
capabilities 

Energy • Best practice commissioning -
verify and ensure that the entire 
building is designed, 
constructed, and calibrated to 
operate as intended. 

• Use of energy efficient systems • Develop a commissioning plan 
to ensure correct operation of 
energy systems 

• Test the building envelope for 
air leakage 

Materials • Construction waste 
management - divert 
construction, demolition, and 
land clearing debris 

• Resource reuse - extend the life 
cycle of targeted building 
materials and furnishings 

• Procure materials with recycled 
content 

• Procure local/regional materials 
harvested or recovered locally -

• Procure rapidly renewable 
resources 

• Optimize use of resources 
• Minimize waste generated from 

construction, renovation, and 
demolition (CR &D) of buildings 

• Manage construction waste 
through recycling and targeted 
waste amounts 

• Minimize materials that rely 
on scarce material resources 

• Select materials that balance 
durability and low embodied 
energy 

• Reuse components and 
recycled materials 

• Facilitate future 
demountability 
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Category LEED B R E E A M C-2000 
Air Quality • Minimum IAQ (indoor air 

quality) performance 
(prerequisite) - establish 
minimum IAQ performance to 
prevent the development of 
indoor air quality problems in 
buildings 

• Construction IAQ management 
plan - prevent indoor air quality 
problems resulting from the 
construction/renovation process 

• Flushout / testing 
• Low emitting materials - Reduce 

the quantity of indoor air 
contaminants that are odorous 
or potentially irritating 

• Provision of a healthy 
environment for occupants 

• Provision of an environment 
that enhances occupant well-
being Minimization of discharge 
of effluents 

• Select indoor finishing 
materials to minimize V O C 
and other emissions 

Table 3.3.1: Comparison of certification programs environmental requirements for the construction phase of building 
projects. 
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Category Green Buildings BC Santa Monica PTI and USGBC HOK 

Site • Prevent erosion during 
construction by 
mmimizing site 
disturbance 

• Ensure protection of 
site ecosystem -
vegetation, water 
bodies 

• Protect and conserve 
topsoil for reuse 

• Minimize the handling 
and release of toxics on 
the construction site 

• Protect soils and 
vegetation during 
construction 

• Specify requirements 
for site utilization and 
site access 

• Designate specific 
vegetation for 
protection 

• Specify requirements 
for site clearing and 
grading (reuse topsoil, 
rrünimize areas to be 
cleared and graded) 

• Protect on site soil and 
vegetation during 
construction, or 
consider tree and plant 
transplants 

• Phase excavation and 
construction to limit 
soil erosion 

• Treat land-clearing 
debris as a resource -
use waste wood for 
mulch, reuse topsoil 
and rock 

Energy • Specify energy efficient 
equipment and 
conservation measures 

• Commissioning plan 
and verification of 
systems 

• Minimize energy use 
during construction 

• Install temporary 
efficient lighting 

• Install motion sensors 
for security lighting 

• Reduce energy 
consumption 

• Conserve energy 
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Category Green Buildings BC Santa Monica PTI and USGBC HOK 

Water • Prevent erosion during 
construction by 
minimizing 
disturbance 

• Ensure protection of 
site ecosystem - water 
bodies, vegetation 

• Minimize storm water 
pollution 

• Minimize surface 
storm water 

• Reduce water use 
• Reuse storm water 

and/or construction 
waste water 

• Enforce the protection 
and preservation of 
water sources 

• Encourage the 
contractor to consider 
water reuse strategies 

Air Quality • Ensure indoor air 
quality -
contamination of ducts 

• Procure: low-emissions 
products, alternative to 
ozone-depleting 
substances, alternatives 
to PVC, polycarbonates 
and other hazardous 
components 

• Protect building 
occupants from health 
risks during 
construction (in 
renovations) 

• Minimize contaminant 
exposure to 'sinks' 

• Isolate construction 
from occupied areas 

• Identify and manage 
potential health 
hazards 

• Schedule noxious work 
during off-hours 

• Flush out interior 
spaces pre-occupation 

• Increase outside air to 
construction areas and 
install a local exhaust 

• Protect ventilation 
systems 

• Use low-emission 
products 

• Keep sound 
housekeeping practices 

• Develop an IAQ 
management plan for 
the construction 
process including: 
sequence of finishing 
materials installation, 
temporary ventilation, 
and testing 

• Include IAQ in the 
agenda of regular 
construction meetings 

• Protect IAQ in 
occupied areas from 
contamination during 
renovation or phased 
construction 
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Category Green Buildings BC Santa Monica PTI and USGBC HOK 

Materials • Procure: salvaged, • Recycle waste from • Use materials with • Reuse on-site materials 
and recycled and efficient building demolition recycled content to the greatest extent 
Resources materials, local • Reduce and recycle • Encourage reduced possible 

materials, rapidly construction waste packaging • Develop a construction 
renewable materials, • • Purchase materials in a waste recycling system 
minimally processed manner that minimizes (including salvage and 
products, durable and waste reuse for demolition of 
low maintenance • Set up an recycling existing construction 
materials and products system for construction • Develop a system for 

• Construction waste waste appropriate handling 
reduction - minimize of hazardous waste 
the disposal of materials 
construction waste • Include waste 

management as an 
agenda item in the pre
start meetings 

Table 3.4.1: Comparison of green building guidelines and manuals for the construction phase of building projects. 
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3.4.1. Green Buildings BC - New Buildings Program 

Green Buildings BC is the crown corporation British Columbia Buildings Corporation's 

(BCBC) initiative, developed to "reduce the impact of provincially-funded buildings 

and, in the process, foster the growth of B C s environmental industry" [Green Buildings 

BC, 2002]. Wi th the support of the Department of Finance, Green Buildings BC has 

published guidelines for the new construction of sustainable buildings. These 

guidelines, along with pilot studies, w i l l assist in the development of a long-term green 

building policy, and instruments and delivery mechanisms for future buildings in B C 

3.4.2. Santa Monica Green Building Design & Construction Guidelines 

The Santa Monica guidelines were developed to facilitate the development of green 

buildings i n the City of Santa Monica, as part of their adopted sustainable city program. 

The guidelines consist of required and recommended performance-based targets that 

allow complete flexibility in the methods used. These targets reduce resource and 

environmental impacts, and use cost-effective and well-proven construction strategies 

[Santa Monica, undated]. The guidelines were targeted to multi-family residences, 

commercial, institutional, and light industrial buildings [Cole, 1999]. 

3.4.3. Sustainable Building Technical Manual 

The Sustainable Building Technical Manual : Green Building Practices for Design, 

Construction, and Operations was produced by Public Technology Inc. (PTT) and the 

U S G B C in 1996, sponsored by the US Environmental Protection Agency and 

Department of Energy. The Manual is intended to act as a reference i n commercial 

building construction projects. Its primary intent is to give public and private building 

industry professionals suggested practices for the whole building lifecycle - from site 

planning to operations [PTI, 1996]. 
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3.4.4. HOK Guidebook to Sustainable Design 

The H O K Guidebook to Sustainable Design was written by Sandra Mendier and 

Wi l l iam Odell of H O K , Inc. H O K is a large, international architectural f irm i n the 

United States that has been committed to transforming their practice and the 

architectural profession toward sustainable design. Their guidebook is intended to 

serve as an evolving desktop reference for design professionals [Mendier, 2000]. 

3.5. Presentation of Environmental Issues 

The guidelines, manuals and certification programs detailed in the previous sections 

were dissected and compared to formulate the environmental issues presented here. 

These issues form the basis of the environmental management plan for building 

construction. The intent of this section is to give the reader background on each 

particular issue, and explaining how each particular issue relates to the environmental 

problems experienced both locally and globally. 

3.5.1. Site Issues 

Summary of Environmental Practices: 

S Minimize soil compaction 

S Protect and / or retain vegetation 

S Retain topsoil for reuse 

•S Minimize pollution to land (contamination) 

O n many building construction sites, land is stripped of topsoil and graded to fit the 

contours contrived for the new development, as shown in Figure 3.5.1. [Imada, 2002]. 

A t the completion of construction, only a thin layer of topsoil (50 mm) is replaced. This 

procedure can displace wildlife, as well as destroy vegetation and reduce the capability 

of the land to regenerate. 
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Figure 3.5.1: Conventional site clearing and storage of topsoil. 

It is recommended to conserve existing natural areas to provide permanent habitats and 

to promote biodiversity [Cole, 2001]. O n sites that have not been previously disturbed 

(greenfields), this w o u l d mean protecting and retaining vegetation, and minimizing 

disturbance to the site by limiting the footprint of the construction activity, thereby 

minimizing soil compaction and destruction of the natural vegetation. 

O n previously disturbed sites, the project team should strive to restore damaged areas 

to allow for new habitats to ensue. This may mean importing enough topsoil to 

adequately grow vegetation appropriate to the area, and to grade the site to emulate the 

natural landscape, accommodating natural processes such as groundwater flows, solar 

radiation and w i n d patterns. 

Another site issue is land contamination. Current regulations insist that existing 

contamination such as petrochemicals is cleaned up before construction and that 

hazardous waste spills during construction be dealt with. 
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3.5.2. Water Issues 

Summary of Environmental Practices: 

S Control erosion and sediment 

S Practice water efficiency during construction 

S Minimize pollution to water systems / waste water 

S Ensure correct operation of water systems 

Water is becoming an increasingly important resource in Canada. In a recent survey by 

the government of Alberta, protection of the aquatic environment ranked above 

economic development. Specific concerns surrounding water included: pollution and 

contamination of water, safe drinking water for residents, and scarcity of water in the 

future [Alberta Environment, 2002]. For building construction, these concerns translate 

into three areas: sedimentation and contaminants in overland flow, water pollution, 

and water efficiency. 

Sedimentation in storm water is caused by the erosion of uncovered soils and tracking 

of soils into the street during the construction process, as illustrated in Figure 3.5.2 

[Imada, 2002]. Overland flow carries sedimentation into catchbasins and ultimately 

into the receiving water body. In water bodies, sedimentation can smother the feeding 

and spawning grounds of fish and k i l l aquatic organisms [Environment Canada, 2001]. 

It should be noted that most towns and cities do not filter or treat their stormwater. 

M a n y municipalities have addressed this problem and now have regulations 

addressing sedimentation in construction. Control measures can include: seeding 

stockpiled topsoil, trapping sedimentation off of truck tires prior to exiting the site, and 

placing filters in swales. 
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Figure 3.5.2: Badly stockpiled soil resulting i n erosion and sedimentation. 

O n a construction site, water pollution can occur with both overland flow and through 

expelling pollutants through the wastewater system. A l o n g with sedimentation, runoff 

can contain concrete fines, lubricants and fuels, solvents, fertilizers, and pesticides 

[Cole, 1999]. These pollutants can result i n toxin accumulation in aquatic life, which 

w i l l grow i n concentration towards the top of the food chain (with humans being at the 

top). Nutrients such as nitrogen and phosphorous compounds from fertilizers can 

cause excess growth of aquatic plants, which deplete water of dissolved oxygen upon 

death and decay, ki l l ing aquatic life [Environment Canada, 2001]. 

In the case of water pollution in overland flow, affected water should not be able to exit 

the site or enter a water body on the site. There is more tolerance available for water 

that enters the waste water system, as that water w i l l be treated before it enters a water 

body. However, it is desirable to dispose hazardous waste through solid waste 

measures, and to use non-toxic substances wherever possible. 

Water efficiency is a concern both during the construction process, and during the 

operation of the building. Although water use in the construction process is relatively 
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minimal , conservation measures should be taken. Some activities that require water 

usage i n construction include: washing of the building interior and exterior, testing of 

systems, and initial watering of the vegetation. During the construction process, it is 

also important to optimize the systems that have been planned for the building. 

Appropriate testing should ensure the correct installation and operation of the building 

water systems and related conservation methods. 

3.5.3. Energy Issues 

Summary of Environmental Practices: 

S Practice energy efficiency during construction 

M. Maintain building envelope integrity 

Ensure correct operation of energy systems 

The energy issue is perhaps the most pressing environmental issue in the wor ld today. 

Globally, the combustion of fossil fuels has caused the problems of climate change. 

Locally, the air quality problems of smog and acidification have been produced because 

of the combustion of fossil fuels. As well , the extraction and refining processes have 

been major contributors to local environmental pollution. 

Climate change refers to a change in the average weather experienced. This could mean 

a change i n temperature, w i n d patterns, precipitation. Implications of climate change 

are rising sea levels, retreating glaciers, flood and droughts. This could lead to 

displacement of humans, destruction of ecosystems, and extinction of wildlife and 

eventually humans. Evidence of climate change is already present, wi th the 1980s and 

1990s being the warmest decades on record [Environment Canada, A p r i l 2002]. Figure 

3.5.3 shows the warming trend currently being experienced in Canada [Environment 

Canada, June 2002]. 
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Figure 3.5.3: Spring national temperature departures and long term trend, 1948 to 
2002. 

Also, weather-related disasters including the Saguenay and Red River floods i n 19996 

and 1997 respectively, the ice storm in eastern Ontario and Quebec in 1998 and the 2001 

drought experienced in many parts of Canada are in line with the climate change 

forecasts made by the Intergovernmental Panel on Climate Change (IPCC) [Marshall, 

2002]. 

Climate change is the result of the accumulation of 'greenhouse' gases i n the 

atmosphere. The greenhouse gases absorb heat and radiate it back to the Earth's 

surface. A moderate amount of greenhouse gases is required to make temperatures on 

Earth suitable for l iving beings, but the amounts of gases expelled into the atmosphere 

at present due to human activities is too much for natural processes to handle. 

Greenhouse gases derived from human activities that are most damaging includes: 

carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, per-fluorocarbons, and 
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sulphur hexafluoride. These gases are covered under the Kyoto Agreement (described 

i n Chapter 2). 

In Canada in the year 1994, fossil fuels accounted for 98 percent of human-made carbon 

dioxide emissions. It also accounted for 35 percent of methane emissions, and 50 

percent of nitrous oxide emissions [Environment Canada, 1996]. Thus we can postulate 

that the use of fossil fuels have a significant impact on the onset of climate change. 

Addit ional ly, Charles Kibert states that the overall energy efficiency of industrial 

economies is about 5 percent, largely due to the number of stages of production 

(extraction to delivery), and relative inefficiency of each stage [Kibert, 1999]. 

Where does the building industry fit into this scheme? Well , one quarter of the carbon 

dioxide emitted in the United States comes from the combustion of fossil fuels to 

provide energy for buildings [Roodman, 1995]. Similarly, in Canada, residential and 

commercial buildings contributed approximately 24 percent of the carbon dioxide 

emissions i n 1994 [David Suzuki Foundation, 2000]. The David Suzuki Foundation 1 1 

forecasts that with energy conservation and production of renewable energies, the 

amount of carbon dioxide emissions resulting from buildings can be reduced by more 

than one-half. 

Smog is a local environmental problem that is also caused by fossil fuel combustion. 

Smog is partly produced by volatile organic compounds (VOCs) and nitrogen oxides 

(NOx), both which are byproducts of fossil fuel combustion. Smog is more fully 

explained in the Air Quality subsection. 

Acidification is caused primarily by sulphur dioxide (SO2) and nitrogen oxides (NOx), 

both primarily produced by the burning of fossil fuels. The SO2 and N O x in the 

atmosphere mix with water vapour to form a mi ld solution of sulphuric and nitric acid. 

A l l forms of precipitation washes this acid solution down to earth (commonly known 

1 1 D a v i d Suzuki Foundation is a Canadian non-profit organization that "explores human impacts on the 
environment, wi th an emphasis on finding solutions" [David Suzuki Foundation, undated]. 
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as acid rain). A c i d rain adversely affects bodies of water by acidifying the water, which 

stops supporting life forms, and forests by denying nutrients to vegetation. A c i d rain is 

also corrosive and can be harmful to human health. Because of prevailing winds, in 

North America most acidification occurs on the eastern part of the continent 

[Environment Canada, 2001]. 

The local environment is also affected by fossil fuels production and the refining 

processes. Landscape alteration such as deforestation and habitat destruction can occur 

from strip mining processes used, for example, in the oil sands extractions. It also 

occurs as a result of pipeline construction, roads for industry use, and storage of waste 

by-products. 

Admittedly, the process of building construction only consumes a small portion of the 

energy used i n the lifetime of a building. However, the quality of the heating systems 

and building envelope installation and commissioning can significantly impact the 

ability of the building to meet the energy conservation objectives set by the design 

criteria. 

3.5.4. AirQuaIity 

Summary of Environmental Practices: 

S Procure materials with low toxicity and offgasing potential 

Maintain indoor air quality during construction 

• Maintain building envelope integrity 

/ Minimize pollution to air 

S Minimize health risk to workers 

A i r quality i n building construction has plenty of effects. It can directly affect 

construction workers and future occupants through repeated exposure to a multitude of 

chemicals. Poor air quality can also affect the local and global community, by 
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contributing to airborne toxic wastes, which produces conditions such as smog, climate 

change and ozone depletion. 

Indoor Air Quality 

Poor indoor air quality (IAQ) has been the cause of respiratory illness, disease, and 

multiple chemical sensitivity (MCS). Improper construction techniques, as well as poor 

design and incorrect building operation, are the cause of I A Q problems. 

As previously mentioned, poor I A Q is usually marked by sick building syndrome 

(SBS). SBS is a condition in which occupants become i l l because of the chemicals within 

a building. Symptoms can include: headaches, irritated eyes, nausea, fatigue, dizziness, 

coughing, and throat irritation [Wilson, 1996]. The symptoms at first tend to go away 

when person leaves the building, but after repeated exposure, chronic illness may 

follow from a weakened immune system, chemical sensitivity and accumulation. 

Pollutants that result in SBS can be particulates, including biological or non-biological, 

gases, such as volatile organic compounds (VOCs), radon, or carbon monoxide. It 

should be noted that not all people are affected by pollutants to the same extent. 

Groups who seem to be most affected are: children, the elderly, people wi th medical 

problems, and pregnant women [ C M H C , 1993]. There is also a varying degree of 

sensitivity within the human population. While for some people, indoor air pollution 

has no apparent effect, for others, effects are multiple and debilitating. 

Environmental Building News suggests that direct medical costs associated with I A Q 

problems are about $15 bil l ion per year in the United States, with an additional indirect 

cost of $60 bi l l ion [Wilson, 1996]. 

There exist several cases of SBS i n North America. In one case, 518 workers out of 640 

became i l l at the Massachusetts Registry of Motor Vehicles building in Boston i n 1994 

and 1995, due to high humidity that promoted moulds and microbiological growth, and 
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failure to seal sprayed in fire retardants in the plenum leading to the release of 

chemicals into the air [Wilson, 1996 and Kenelly, 2000]. 

Another case is the yIeaky condos' first discovered in British Columbia but wi th affected 

buildings now publicized throughout Canada. The 'leaky condos' represent modern 

buildings wi th insufficient protection from the weather resulting from faulty design, 

paired wi th improper installation of the building envelope (the exterior skin of the 

building) during construction. 'Leaky condos' are indeed leaky during rainy and high 

humidity periods, and the excess moisture trapped inside the exterior skin of the 

building produces moulds which can lead to SBS and to severe structural damage. 

Hundreds of occupants are filing lawsuits because of 'leaky condos'. In the first lawsuit 

filed by leaky condo owners in Delta, the Supreme Court of British Columbia, the 

owners of the condos were found not to be at fault, while the contractor, developer, 

engineer, builder and municipal building inspectors were assessed shares of the $3.2 

mil l ion i n damages [McLean, 2001]. 

Atmospheric Air Quality 

A i r pollution is the cause of many local and global environmental problems. Currently 

identified air quality problems are: stratoscopic ozone depletion, ground level ozone 

(smog), acidification, and climate change. A i r pollution comes from many sources on 

a bui lding construction site. The direct sources of air pollution include: diesel and gas 

fumes from machinery and generators, and pollutants that emanate from new building 

materials, dust, and other airborne toxic wastes. Secondary sources of air pollutants in 

construction include: electricity generating plants, mining and forestry operations, 

transport trucks, and processing plants. 

It is estimated that 5,000 deaths a year that can be attributed to air pollution in Canada 

[Environment Canada, 2001]. Also, respiratory problems are on the rise triggered by 
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air quality problems. For example, asthma has increased 42% between 1982 and 1992 in 

the United States, according to The Center for Disease Control [Wilson, 1996]. 

Smog occurs in urban centres, resulting from a combination of volatile organic 

compounds (VOCs), nitrogen oxides (NOx), particulate matter, and sunlight. It is 

usually yellowish-brown and is present at ground level. Smog adversely affects 

peoples health, making breathing more difficult, and increasing the chance of cardio

respiratory diseases. It is also damaging to vegetation, even leading to the decline of 

Canadian forests, and speeds up deterioration of synthetic materials [Environment 

Canada, 2001]. A s explained in the previous section, V O C s can emanate from many 

bui lding materials, such as paints, adhesives, and aromatic woods. A s wel l , 55 percent 

of V O C emissions come from the combustion of fossil fuels. [Environment Canada, 

1996]. 

The depletion of the stratascopic ozone layer is another form of the effect of bui lding 

construction on air quality. The ozone layer is threatened by a number of chemicals 

including: CFCs (chlorofluorocarbons), which are used as coolants i n refrigerators and 

air conditioners, halons, which are found in fire extinguishers, methyl bromide, a 

pesticide, and H C F C s (hydrogenated CFCs) which are used as substitutes to CFCs 

[Environment Canada, 2002]. 

Depletion of the ozone layer has led to increased ultraviolet (UV) radiation and erratic 

weather patterns. Higher U V levels have increased incidence of skin cancer. In Canada 

alone, there were about 67,000 new cases of skin cancer in 1998, according to the 

National Cancer Institute. Other effects of higher U V levels include: eye damage and 

cataracts i n humans, damage to certain sensitive food crops, such as canola, oats, and 

peppers, and faster deterioration of synthetic materials exposed to the sunlight. U V has 

also been found to affect aquatic ecosystems and forests [Environment Canada, 2002]. 

An Environmental Management Plan for the Construction of Green Buildings 
Chapter 3: Environmental Issues in Building Construction 

Page 45 



The use of these chemicals has been substantially lessened in Canada and the wor ld , 

due to the development of the Montreal Protocol in 1987. A s a result of a national 

program to retard ozone depletion, Canada reduced its production and import of 

ozone-depleting substances by 95% in the decade between 1986 and 1996 [Environment 

Canada, 2002]. However, ozone depletion chemicals are still in use today, and must be 

considered i n building construction. 

The release of combustion gases from a construction site and the resulting buildings is 

another form of air pollution realized in building construction projects. The subsection 

Energy above gives information on these combustion gases and the resultant conditions, 

climate change and acidification. 

3.5.5. Materials and Resources 

Summary of Environmental Practices: 

S Reduce waste generation 

Use waste and recycling collection system 

S Procure locally sourced, recycled and reused materials 

S Deconstruct unwanted buildings and infrastructure 

The use of bui lding materials in construction has widespread effects on the 

environment. M i n i n g and processing of raw materials alter landscape, destroy 

ecosystems, and release pollutants into the air and water. This is especially of concern 

i n countries where environmental regulations are minimal, as these actions can have a 

huge impact both locally and globally [Kibert, 1999]. 

The effect on the environment does not end with the manufactured building product. It 

is commonplace to install products into buildings that are sourced from all over the 

wor ld . Transportation of finished materials to building sites accounts for 

approximately nine percent of energy use in the United States [Roodman, 1995]. 
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Transportation vessels also adversely affect the land, air and water. For example, trucks 

alter the landscape with asphalt roads, and pollute the air with exhaust, and ships 

disturb aquatic wildlife with their noise and pollute waters with petroleum products. 

There are a few actions that builders can take to further act on the green designers 

actions. They can recycle and reuse materials, minimize the amount of excess material 

entering the site, and have procurement procedures in place to ensure the correct 

attainment of specified materials. 

Recycling 

Typical construction in North America generates 20 - 35 kilograms of solid waste per 

square metre of floor space [Roodman, 1995]. A study done recently of the 

construction, renovation, and demolition (CRD) wastes in Alberta yielded the 

characterization of waste shown in Figure 3.5.4 [Scoulding, 2000]: 

Figure 3.5.4: Characterization of CRD waste in Alberta. 

According to the study, viable markets exist for the most C R D waste in Alberta. This 

extends to cardboard, wood, metal, concrete and asphalt, and drywal l . In fact, if a 
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complete recycling system was implemented on a construction site, 76 percent of waste 

based on the above graph, could be recycled. This would mean that 760 thousand 

tonnes out of the existing one mil l ion C R D waste would be reintroduced into the 

manufacturing process every year in Alberta alone [Scoulding, 2000]. It should be 

noted that i n Calgary, for most of the recycled materials, there is a singular market. 

This means that the demise of a company could have a large impact on the diversion 

rates incurred. For instance, recently the local company that recycled dry wal l went 

through internal changes, and is not accepting dry wal l temporarily [Whitfield, 2002]. 

Thus 11 percent of the dry wal l waste incurred in building construction is now destined 

for the landfill . 

In a case study done by the Greater Vancouver Regional District, recycling of wood 

during the framing and roof sheathing stages of a 6,637 square metre townhouse 

construction project achieved a recycling rate of 38 percent for the total waste generated 

at the site and $1,328 of savings in waste disposal costs [GVRD, 1999]. It is surprising 

then, because of the cost savings and environmental benefit, of how few builders take 

this first step i n material and resource conservation. 

Reducing and Reusing 

Although recycling is a step in the right direction, the laws of thermodynamics apply: 

"a system can deliver no more energy output than the energy inputs to a system, and 

the fate of all systems is degradation in energy and quality". By these limits, coupled 

with inefficiency, materials that were once made up of high-quality energy eventually 

spirals d o w n to low-temperature, largely useless thermal sinks [Kibert, 1999]. 

To more effectively use materials in building construction, efforts need to concentrate 

on reducing excess materials that enter on site. In a study on source evaluation, it was 

found that sources of construction waste stemmed from errors in: design, procurement, 

handling of materials, and operation (see Table 3.5.1) [Gavilán, 1994]. It is suggested in 

the study that the actions of subcontractors really have an impact on the reduction and 
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managing of construction wastes. This is illustrated by an example of off cuts. Observed 

framing crews d i d not have an organized system when cutting framing materials to 

size, and often threw away 'leftovers', and opted for a new pieces of framing materials 

over a scrap ones [Gavilán, 1994]. 

Category Source of Construction Waste 
Design Blueprint error, detail error, design changes 

Procurement Shipping error, ordering error 

Handl ing of 
materials 

Improper storage / deterioration, improper handling (off-
and on-site) 

Operation H u m a n error, equipment malfunctions, acts of G o d 

Residual Leftover scrap, irreclaimable nonconsumables 

Table 3.5.1: Sources of construction waste. 

In a study performed by Alberta Environment in a single family housing development 

in Calgary, it was found that there was a low percentage of wastage during the framing 

stage. Drywal l installation yielded higher than expected wastage, because of the design 

of the buildings (i.e., use of vaulted ceilings), and drywall installation standards 

[Whitfield, 2002]. 

The promotion of use of prefabricated products also reduces construction materials 

entering the site. Also , i n a factory setting, more control over production can result i n 

less residual waste overall, and a higher quality product. 

Reusing materials can help to maintain high-quality material compositions. 

Construction materials can be reused i n two ways: by procuring reused materials in a 

project, and by reusing materials that are unusable on a site. Unfortunately i n Calgary, 

the supply of larger salvaged materials, such as beams and other structural elements, is 

currently non-existent, due to no market demand [Whitfield, 2002]. 
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Procurement 

Currently, i n most green building construction projects, the architect w i l l specify the 

use of materials that have environmental significance. This may include the specific 

product and/or manufacturer to be used, or standards that have to be met by the 

product. Either no substitutions are allowed, or they must pass the project team's 

approval. 

In the case where criteria must be met for products, or the contractor must choose a 

substitute product, it is imperative that the procurement process is controlled. In this 

way, it can be ensured that the correct products are procured for the project, which 

makes for less hassles later in the project. 

3.5.6. Acoustics 

Summary of Environmental Practices: 

S Maintain integrity of sound attenuation partitions 

/ Minimize noise effects on community 

•S Minimize noise effects on workers 

The final issues that must be addressed in building construction are attributed to noise. 

Noise can affect the community, both ecological and human, the workers, and the 

future occupants of the building. In particular, humans can be adversely affected by 

both single events of loud noise and the long duration of noises. There are two types of 

negative effects: physical impact of noise including hearing loss, and psychological 

effects including annoyance and disturbance of activities (to work, relaxation, etc.) 

[Stein, 2000]. 

In the United Kingdom, twenty percent of all commercial and industrial noise 

complaints are caused by construction [BRE, 2002]. Many municipalities have 
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regulations in place that dictate noise levels allowed during work hours and at 

nighttime. However, builders need to think about the noise generated by their activities 

and work at minimizing the adverse effect on the community and the workers. 

It is also important to maintain the integrity of sound attenuation partitions such as 

interior walls and ceilings/floors. Theoretical attenuation properties of these designed 

partitions can diminish quickly during construction, with mistakes such as improperly 

installed insulation, and inadequate treatment for mechanical or electrical systems 

penetrations. 

3.6. Prioritizing Environmental Issues 

The priority of environmental issues is specific to each project. The local context, and 

intricacies of the local environment, as well as the greater wor ld context, including 

effects such as climate change and natural resource depletion, must be considered. 

Environmental Building News provides some guidelines with respect to establishing 

priorities for actions on environmental issues. They are [Wilson, 1995]: 

• What are the most significant environmental risks - regional, and global? 

• H o w do buildings contribute to risks, and how significantly w i l l measures help the 

situation? 

• Specific opportunities presented by each individual project (effectiveness vs. cost). 

• Available resources and agenda of the client. 

Prioritizing for construction activities most often depends on the project or architects 

objectives, or the context of the project. For example, procurement of materials of low 

off-gassing potential is dictated by the architect's specifications. A s wel l , minimizing 

soil compaction is usually a non-issue i n downtown brownfield development. 
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3.7. ChapterSummary 

"The construction industry and effects upon the environment are synonymous" 

[Griffith, 1994]. As such, builders should take stock of their impact on the 

environment. 

In this chapter, many sources were perused to develop a list of environmental issues 

stemming from the construction phase of building projects. These issues, arranged 

under the broad headings of site, water, energy, air quality, materials and resources, 

and acoustics, were presented with explanations of their individual impacts on the 

environment. 

The priority of the actions on environmental issues depends on the building project. 

These actions w i l l depend on the wants of the client, designers, constructors and the 

community, and w i l l hopefully reflect the unique circumstance that each building 

project holds. 
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Chapter 4: Current Building Construction, 
Drivers for and Barriers to Change 

4.1. Chapter Overview 

It is important to understand the current context in formulating an environmental plan. 

The following sections relate the current context of building construction, and then look 

at the drivers for change, as well as the barriers. 

4.2. Building Process 

The conventional building process used today is shown in Figure 4.2.1 [adapted from 

N R C a n , 1999]. It has a linear flow, which limits input from players that enter later on in 

the building project (such as construction managers and general contractors). The 

Buildings Group, of Natural Resources Canada, suggest more criticism of this 

conventional process [NRCan, 1999]: 

• The main design parameters, e.g., massing, orientation, fenestration pattern, are 

often determined solely by the client and architect early on in the project 

• Engineers, specialists, constructors, and operators are locked out of the initial design 

decisions made by the client and architect. 

• Advanced systems and features are often 'added on' to the basic design instead of 

fully integrated, which limits performance, disrupts the process, and is very costly. 

Moreover, i n current building projects, the designers have little or no control over the 

construction phase processes. When the construction documents are complete and the 

construction contracts have been awarded, very little interaction between the designers 

and the construction team ensues. A s A m o r y Lovins of Rocky Mountain Institute 

states, it is " . . .as if the effort [is] not a team play but a relay race" [Roodman, 1995,11]. 
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Project Definition 

Conceptual Design 

Design Development 

Construction Documents 

Bidding and Award of 
Contract 

Construction 

Commissioning and 
Turnover 

Operations and 
Maintenance 

Figure 4.2.1: The conventional building process. 

This lack of integration can lead to a host of problems. It is difficult for the designers to 

ensure that the original intent of their designs stays intact. This may lead to liability 

issues, as the architect is often required to submit a letter to the regulatory body saying 

that the construction meets the design requirements. Quality assurance is definitely 

impacted. A s wel l , there is no feedback mechanism to inform the designer of what 
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works versus what does not. Seemingly innovative design techniques could lead to 

inefficiencies i n construction and costly ventures. 

A s wel l , in the conventional building process, the constructors have little integration 

wi th the operators of the building. Once the building is handed over to the operators, 

the construction team moves on to the next project. The only means of continuity are 

the manuals and commissioning report required by the contract documents, which the 

operators receive. However, the knowledge that the builders obtained in constructing 

that unique building is not communicated, and as well , feedback is not obtained to 

show the builders the successes of the building versus the shortcomings. 

4.3. Contractual Relationships 

There are several different contractual relationship used in conventional building 

construction. The most popular methods are illustrated below in Figures 4.3.1 and 4.3.2 

[adapted from Jergeas, 2002]. It is interesting to note the architect and general 

contractor both have direct contractual links with the owner in the project, and not with 

each other, and so usually, as explained above, the architect has little control over the 

construction phase. 

This arrangement may also produce conflict between the architect and the general 

contractor, as usually, a portion of the architect's design fees is allocated to perform site 

reviews during construction. This can put the architect in a power position, which can 

foster an adversarial relationship. 
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Engineers and 
Specialists 

Architect General 
Contractor 

Sub-Contractors 
and Suppliers 

Direct Contractual Link 
Indirect Link (No Contract) 

Figure 4.3.1: Traditional contractual agreement. 

Project or 
Owner Construction 

Manager 

Architect General 
Contractor 

Engineers and 
Specialists 

Sub-Contractors 
and Suppliers 

Direct Contractual Link 
Indirect Link (No Contract) 

Figure 4.3.2: Project or construction management contractual agreement. 

4.4. The Construction Phase 

The construction phase has three priorities: maximize construction quality, shorten the 

construction schedule, and minimize costs [Hartman, 1999 and Mendier, 2000]. The 
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relationship between the three priorities is shown in Figure 4.4.1. [adapted from 

Hartman, 1999 and Mendier, 2000]. The idea behind the priority triangle is that every 

project has up to two ruling priorities. Within the triangle, the ruling priority or 

priorities w i l l impact the other variables. For example, it can be seen that if time was 

the rul ing priority, cost would increase and quality would decrease somewhat. If time 

and quality were the both deemed important priorities, then cost w o u l d be significantly 

higher. 

Quality 

Cost Time 

Figure 4.4.1: Construction phase priority triangle. 

This is an important concept, as it needs to be understood that in green building, i n 

which activities largely fall under quality, time and cost w i l l be impacted i n the 

construction phase. In the conventional building construction project, there is usually 

an emphasis on low cost and schedule, which can significantly impact the performance 

and quality. A s wel l , i n this priority triangle used today, other factors such as ecology 

and human safety are not considered [Mendier, 2000]. 

4.5. Driving Forces for Green Building Construction 

The Rocky Mountain Institute (RMI) believes that green building w i l l be standard 

practice in two decades or less. They have observed that the number of green building 

projects is growing exponentially in Europe, Japan, and the United States [Barnett, 
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1995]. Survey participants agree, stating, "within the next 10 years, every project w i l l be 

green in some aspect. The industry shift is already taking place", and "green building 

w i l l become the norm and not the exception. Industry leaders better be familiar with 

various green building techniques and technologies or be left behind". 

A n American Institute of Architects (AIA) survey confirms that 75 percent of architects 

expect the demand for green building to increase in the near future. A n Environmental 

Design and Construction (ED&C) Publication Feasibility Study in 1997 creates an even 

more optimistic future, stating that 89 percent of respondents predict that green 

building w i l l increase [Johnston, 2000,18]. 

The drivers for green buildings is becoming clear with the progression of theory 

through to practice. Today, there are many surveys, programs, and case studies 

available to show the feasibility of green building construction and the trend towards 

more green building in the future. The following subsections further discuss the drivers 

for green building. 

4.5.1. Regulations, Codes and Standards 

Regulations, codes, and standards pertaining to green buildings are found on many 

levels: international, national and regional. There are many examples of regulations, 

codes and standards that promote green building today and in the near future. 

ISO 14001 is an international standard put forth by the International Organization for 

Standardization (ISO), a non-governmental international organization. ISO 14001 is a 

standard that helps companies to achieve environmental-related goals. To achieve ISO 

14001 status, an environmental management system (EMS) must be put into place in the 

company. E M S consists of a company wide policy, audits, and procedures for 

environmental management, and promotes a continual improvement of the companies 

lessening impact on the environment. 
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Nationally in Canada, there are two initiatives that are furthering the green building 

movement. These are: Model National Energy Code of Canada for Buildings ( M N E C B ) 

and the implementation of an objective-based national building code. The M N E C B , 

developed in 1997, is a voluntary code that sets standards for energy performance in 

buildings, including requirements for the H V A C system, building envelope and 

domestic water heating systems [NRCan, 2002]. The Canadian Building Incentive 

Program (CBIP) is based on this Code (see following section on incentives). The 

objective-based national building code that is currently being developed is meant to 

encourage innovation i n building construction. This is good news for the green 

building sector, as products and processes not allowable through the existing code 

requirements w i l l be passed through this new code, thereby ceasing the constraint on 

green building project teams from using innovative means to further green building 

construction. 

In the survey, it was suggested by several participants that government regulations 

must mandate green building i n order for widespread adoption. A s one participant 

states, "Government should get involved to ensure that the greening of construction as 

in other industries levels the field so that the actual cost to the environment and to 

society of not building green is clearly evident". 

Finally, progressive municipal regulations and urban planning policies have positively 

affected the green building movement. Concepts such as 'new urbanism' encourages 

environmentally-friendly practices such as reducing urban sprawl, building compact 

cities and towns, and promoting pedestrian circulation. Some municipalities, such as 

the City of Santa-Monica in California, have adopted green guidelines for building 

development. These guidelines exceed state and federal standards, and targets have 

been set "to reduce resource or environmental impacts, using cost-effective and wel l -

proven design and construction strategies" [Santa-Monica, 2002]. 
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4.5.2. Change in Business Culture and New Cost Metrics 

Another driving force behind green building can be found in the premises of recent 

movements such as T h e Natural Step' and 'Natural Capital ism' 1 2 , both which prove 

that companies can move beyond mere compliance with environmental regulations to 

incorporating environmental perspective in their company culture. This new 

perspective ultimately affects the company's bottom line (traditionally based on 

economics alone), which transforms into a triple bottom line representing economic, 

social and environmental values. 

A l o n g wi th the evolution of business culture, the advent of new cost metrics has also 

provided reason for green building construction. These metrics, namely, life cycle 

costing (LCC) or environmental life cycle assessment (LCA) have allowed for a 

consideration of choices that although results in a higher capital cost for the building, 

becomes less costly over time. Examples of this could be as more efficient H V A C 

system that saves energy costs over time, or a long life roofing membrane that w i l l 

reduce replacement costs over the life of the building. 

In fact, the Congressional Office of Technology Assessment in the United States believes 

that "commercially available, cost-effective energy technologies could reduce overall 

energy consumption in the United States by as much as 1/3 ($343 bil l ion)" [Augenbroe, 

1998]. 

Innovative financing of building renovations through Energy Performance Contracting 

(EPC) demonstrates a case of L C C In EPC, Energy Service Companies (ESCOs) 

perform upgrading, replacing, and optimizing of building systems. The ESCOs also 

arrange financing, and the building owner pays only the energy savings experienced 

until the renovation is paid for (usually 5 to 10 years). Therefore, no capital expense is 

1 2 The Natural Step and Natural Capitalism are models that are based on the premise that an integral 
relationship w i t h the natural wor ld creates business opportunities that can be profitable, and business 
owners and employees that are more satisfied with their life's work. 
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required for the renovation, and energy is saved, reducing costs, and also associated 

adverse environmental impact. 

4.5.3. Recognition of Buildings as Productivity Assets 

Related to changed cost metrics is the fact that buildings are being recognized as 

productivity assets. Green buildings provide aesthetic surroundings, daylighting, 

outside views, and fresh air, which lead occupants to be more productive. In fact, it has 

been shown that worker productivity increases by 6 to 15 percent or more i n a green 

building. A s wel l , several studies have shown that absenteeism drops by 15 to 25 

percent, and sick leave is significantly reduced. This is significant when it is considered 

that a typical commercial employer spends 70 times or more as much money on salaries 

than energy and associated maintenance [Barnett, 1995 and Lee, 2002]. 

4.5.4. Occupant and Occupational Health and Safety 

Good health is considered to be a basic need in life. In developed countries, wi th the 

accompanying high standard of l iving, it is expected that healthy conditions are 

achieved at all times. It has been shown i n the history of building construction and 

occupation that health is sometimes compromised through incomplete knowledge of 

how bui lding materials can affect humans (e.g., asbestos). 

Awareness of health-related issues related to building is rising. Conditions such as 

sick-building syndrome (described in Chapter 3) are becoming known to the general 

public and litigation against building owners and constructors in some cases have 

proceeded. It is this assault against the public's health that w i l l be a driving force for 

green buildings. Construction workers w i l l choose to work with products that w i l l not 

adversely affect their health in the future. In order to maintain occupants and to avoid 

litigation, building owners and operators w i l l gravitate towards green building 

construction. 
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4.5.5. Technology Advances 

Technology advances are allowing builders to improve both the systems that make up a 

building and construction processes. For example, super-efficient boiler systems are 

now available which can significantly reduce energy requirements in a building. A s 

well , new materials are being developed which both perform well within the building, 

are made of normally waste materials. 

A construction f i rm i n Japan has developed an advanced robotic system for building 

high rises that utilizes pre-cut components and just-in-time delivery. This technology 

advance can reduce packaging and construction waste by up to 70 percent, as wel l as 

reducing the storage (and ensuing damage) required on site [Roodman, 1995]. 

Progressive technological advances such as these examples w i l l eventually allow 

buildings to be progressively more environmentally friendly without the capital cost 

implications experienced today. 

4.5.6. Changing Role of Building Manufacturers 

A l o n g wi th technology advances, it is seen that increasingly, building manufacturers 

are becoming more proactive i n the building sector. Products are being 'made-to-order' 

or 'engineered' in many cases. This 'value-added' service w i l l enable more products to 

meet environmental performance requirements [Augenbroe, 1999]. 

4.5.7. Certification and Incentive Programs 

Certification and incentive programs play a large part i n driving the building industry 

towards a green future. Industry-led certification programs such as L E E D , B R E E A M , 

and C-2000 (described i n Chapter 3) w i l l improve the reliability of buildings, bui ld i n 

guarantees to reduce their environmental impact, and increase opportunities to apply 

new materials and new technologies [Augenbroe, 1998]. 
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For manufacturers, there are several programs for environmental integrity, such as: the 

Environmental Choice Program, Energy Star Program, Forestry Stewardship Council 

(FSC), and National Fenestration Rating Council (NFRC). 

There are also expanding directories for green products available allowing better access, 

such as Environmental Building News Product Catalogue, and the Greater Vancouver 

Regional District's (GVRD) Directory of Resource Efficient Building Products. 

Incentive programs for green buildings are also very effective in the promotion of green 

buildings. In these programs, an incentive (usually monetary) is given to the project 

team when performance criteria are met. For example, the Commercial Building 

Incentive Program (CBIP) sponsored by National Resources Canada gives up to $60,000 

for bui lding designs that surpass the M N E B C requirements by 25 percent or more 

[NRCan, 2002]. 

4.5.8. Client and Consumer Interest 

There is a growing genre of consumers that taking the environment into consideration 

in their consumer choices, and are pressuring corporations to do the same. This 

consumer pressure may in turn drive builders to produce buildings that are 

environmentally friendly. 

Many surveys have shown this consumer interest, such as [Johnston, 1999]: 

• The Cone Roper Cause Related Marketing Trends Report of 1997, which "strongly 

suggests that the public's interest i n environmental issues and corporate 

responsibility is on the rise" and that "the American public ranks environmental 

issues as the number two area that businesses should work hardest to resolve." 

• American Demographics: The Integral Culture (1997), which shows that 24% of 

Americans are classed as 'Cultural Créatives', and are integrating their values into 
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everyday decisions, thereby taking action on a wide range of social, environmental, 

and spiritual concerns. 

• The Harwood Group study, which shows that 86 percent of Americans believe that 

the deteriorating environment is endangering the country's future. 

Other indicators that consumers are gravitating towards environmentally friendly 

choices are [Barnett, 1995]: 

• The Green Builder Program i n Austin, Texas, has demonstrated that consumers are 

wi l l ing to pay a premium for green homes 

• Consumers w i l l patronize stores built environmentally, e.g., Wal-Mart's 'Eco-Mart' 

in Lawrence, Kansas 

• N M B (Netherlands bank) image was much improved after i n constructed a 'green' 

headquarters, as was The Body Shop (an international retailer of skin and hair care 

products) 

• Village Homes subdivision in Davis, California is worth $11 more per square foot 

than homes nearby 

Clients are also being driven to bui ld green. The American Institute of Architects (AIA) 

Committee of the Environment (COTE) Survey in 1998 suggested that the 

environmental issues important to the client are those that directly impacted their 

interests. For example, 81 percent of the architects surveyed believed that energy 

efficiency was of high importance to their clients, and 83 percent believed that indoor 

air quality was of high importance, whereas only about 45 percent believed their clients 

were interested in resource conservation, water conservation, land use issues and 

transportation efficiency [Johnston, 2000]. 

A Building Owners and Management Association (BOMA) environment committee 

member somewhat contradicts the surveys mentioned in this subsection. [Thatcher, 
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2002]. Most local building owners and operators are not pushing for green buildings. 

Only a select few, usually those with environmental corporate agendas or those looking 

for cost savings attributed to energy efficiency, insist on occupying space with 

environmental attributes. 

Interestingly, the fear of future litigation may become a reason for clients to invest in 

green buildings [Lee, 2002]. Health problems due to poor I A Q , as discussed in the 

previous chapter, and the associated lawsuits instigated by employees, could cause 

building owners and tenants to seek healthier environments. 

4.5.9. Building Design and Construction Firms 

Designers and builders are also drivers behind the green building movement. In the 

survey, it was apparent that the majority of participants are involved green building out 

of interest or for 'good business'. This finding coincides with an A I A study i n where it 

was found that designers are quite interested in designing buildings with the 

environment i n mind. 95 percent of the designers were interested i n designing for 

energy efficiency, 82 percent for indoor air quality, 67 percent for resource conservation 

and 62 percent for planning and land use [Johnston, 2000]. 

4.6. Barriers to Green Building Construction 

A l o n g wi th the significant number of drivers for green buildings, there are also some 

barriers of note. These barriers can unfortunately set back builders from embarking on 

a sustainable route. 

4.6.1. Cost Implication of Green Building 

Perhaps the greatest barrier to green building is the cost implication. A s one survey 

participant relates, "most all the contractors I know are sympathetic, but i n the end 

don't do anything about it because of time and money." 

The increased cost of green building construction can arise from: 
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• Capital cost for equipment, e.g., temporary efficient lighting, low emission 

machinery, reusable formwork 

• Training and inefficiencies due to 'the learning curve' 

• Increased subcontractor prices due to specialized manner of projects 

• Increased schedule time to complete the project 

• More project risk due to the unknown i n the project 

It is postulated that the long term cost savings realized by the contractors w o u l d more 

than compensate for this initial capital cost. 

4.6.2. Resistance to Change 

The construction industry is notorious for their resistance to change. They are 

continually charged with using outdated technology, and using procedures that have 

not changed for hundreds of years. This level of comfort is a barrier to allowing for 

changes i n the construction industry to accommodate green building principles. 

One survey participant suggests, " i n order to have a green building you must engage 

the construction process. There is a fair amount of resistance to change i n the industry, 

and it w i l l take a lot of proven examples to turn that around." 

O n a positive note, it is observed by Griffith that the construction industry, after some 

apprehension, became involved in quality assurance and management systems i n the 

late 1980s. By this, construction firms demonstrated an attitude of change and may now 

be ready to consider and value a concept such as environmental management [Griffith, 

1994]. 

Construction workers may also be apprehensive about engaging in environmentally 

friendly actions. McKenzie-Mohr suggests reasons people have for not acting i n a 

sustainable manner [McKenzie-Mohr, 1999]: 
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• People do not know about the activity or its benefits 

• People may perceive that there are significant difficulties or barriers associated with 

engaging wi th a sustainable action 

• People perceive that they benefit most from continuing to engage in their present 

behaviour because it is simply easier to do 

4.6.3. Non-Standardization of Buildings 

Kibert suggests that construction may be the one least able to respond to a shift toward 

sustainability, due largely to the nature of its creation. Currently, each building is built 

under unique circumstances. They are made up of a large assortment of products, some 

tailored, with little thought to final disposal [Kibert, 1999]. 

This practice of non-standardization requires unique solutions with respect to 

environmental management for every project. The fact that there are no clear-cut 

solutions may inhibit the progression of green building construction. 

Non-standardization also leads to the reluctance of liability-conscious designers and 

contractors to try materials that are not yet 'tried and true' [Augenbroe, 1998]. This is 

particularly applicable to the practice of civil engineering, where human lives lost may 

be a consequence of failure. 

4.6.4. Slow Government Response 

Government has been slow i n responding to the need of green buildings. This is 

demonstrative i n their continuing incentives to oil and gas industries resulting i n cheap 

oil and gas, and the inability to ratify the Kyoto Agreement or to provide a viable 

alternative. 

Although in most places there are regulations for protection of local ecology, the 

regional and global environmental problems are still not being addressed adequately. 
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A survey participant comments "it would help for government to promote or legislate 

environmental policies to keep everybody on an even playing f ield." Another 

participant suggests, "government should get involved to ensure ... that the actual cost 

to the environment and to society of not building green is clearly evident." 

4.6.5. Abundance of Natural Resources 

In Nor th America, there is a perception that fossil fuels, raw materials, and water are 

plentiful. This abundance of natural resources makes it difficult to make the argument 

for resource conservation. In many cases today it is cheaper and easier to use virgin 

materials than to use their recycled counterparts (mostly due to the lack of suppliers 

and infrastructure). A s well , the economic payback of some energy alternatives is still 

too long considering the cheap price of fossil fuels. 

4.6.6. Builders and Developers have no Long-Term Stake 

For most buildings, the construction firms, developers, and designers have no long-

term stake. Other than a warranty period for workmanship and structural integrity, 

there is no onus on the builder to produce a long lasting building. This is potentially 

dangerous, as quality and environmental integrity may be compromised by cost and 

schedule implications during construction. 

4.6.7. Building Codes and Other Regulatory Restrictions 

A s wel l as being a driver, building codes and other regulatory restrictions are also a 

barrier to green building construction. In Canada, current prescriptive building codes 

restrict innovative practices in building construction. Hopefully this change i n the near 

future wi th the completion of an objective based building code now being formulated. 

Dave Whitfield, the Waste Minimizat ion Specialist at Alberta Environment, relays that 

he believes that the prescriptive building codes curtail waste management programs 

from being implemented in the local area. He believes that objective codes w i l l help 

contractors be able to use more salvaged materials in their buildings [Whitfield, 2002]. 
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Regulations imposed by the municipality, insurance and utilities can also serve to 

curtail innovation in building construction. A n example of this is the mandatory 

connection to municipal services in the City of Calgary. Another example is the 

disallowance of two-way flow in the electricity grid that would allow photovoltaic solar 

panels to become more feasible. 

4.6.8. Throwaway Society 

Today, our society is geared towards consumerism and wasteful behaviour. In 

construction, this can be translated into the use of cheap, disposable equipment versus 

more expensive reusable equipment, e.g., formwork. Materials can be easily wasted, 

(i.e. offcuts from dimensional wood), if procedures are not in place to curb this 

behaviour. Because of relatively cheap price for landfill space, speed of construction is 

favoured over more careful material handling. As well , little effort is being devoted to 

designing components for disassembly [Kibert, 1999]. This makes it difficult to 

deconstruct buildings and salvaging materials. 

4.7. ChapterSummary 

In this chapter, an overview of conventional construction was shown. The project 

process is linear, which does not readily accommodate interactions between the 

designers, constructors, and operators. Conventional building gives emphasis to low 

costs and tight schedules, which can cause performance and quality to suffer. 

Drivers and barriers were also presented in this chapter. Drivers for change included: 

regulations, codes and standards, change in business culture and new cost metrics, 

recognition of buildings as productivity assets, occupant and occupational health and 

safety, technology advances, changing role of building manufacturers, certification and 

incentive programs, client and consumer interest, and building design and construction 

firms. 
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The barriers to green building construction included: cost implication, resistance to 

change, non-standardization of buildings, slow government response, abundance of 

natural resources, no long term stake, building codes and other regulatory restrictions, 

and throwaway society. 
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Chapter 5: Review of Management Strategies 

5.1. Chapter Overview 

This chapter describes the management strategies available for use in implementing an 

environmental management plan for building construction. In many cases, 

environmental management practices coincide with good management practices, that is 

to say, that good project management skills are essential to the quality of the product, 

good labour relations, and smooth project process. That said, it is apparent that there 

are other management strategies that may be required to reach the objectives of an 

environmental management implementation plan. 

5.2. What is Management? 

Before delving into management strategies, the term management must first be defined. 

One val id definition of management is: 

"Setting goals and objectives, identifying and organizing resources needed, identifying 

and assessing options, implementing selected option(s), [and] auditing and monitoring 

to provide feedback." [Thompson, 2000] 

Another definition applied to construction management is: 

" . . . setting, monitoring and adapting as necessary the objectives of the project 

organisation as transmitted by the client, and ... making or advising on the decisions to 

be made i n order to reach the client's objectives." [Walker, 1996,4] 

Here, an organisation is defined as a "pattern of interrelationships, authority and 

responsibility that is established between the contributors to achieve the construction 

client's objectives." [Walker, 1996, 4] 

It is felt that the reference to the 'client' in the above definitions of management and 

organization should be broadened to 'stakeholders', which can include: the client, 
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project participants (architect, engineers, and contractors), government authorities, the 

community, and public interest groups. 

5.3. Development of Environmental Management Strategies 

By consulting a wide range of approaches to management, the strategies required for an 

environmental management plan for building construction were developed. A 

literature search, courses and seminars uncovered several approaches to environmental 

management applicable to this project, including: Environmental Management 

Systems, Community-Based Social Marketing, and green building guidelines and 

certification programs. Also, it was found that project management techniques, such as 

Total Quality Management (TQM) and S M A R T Management, could be applied to an 

environmental management program. 

5.4. Environmental Management 

5.4.1. Environmental ManagementSystems 

Environmental Management Systems (EMS) has been applied to many industries 

worldwide, including construction. It is part of the ISO (International Organization of 

Standards) 14000 series. E M S is a strategic approach for managing environmental 

challenges, and can be implemented in any type of organization [ISO, 1999]. 

E M S has a cyclic structure, which includes the elements: organizational commitment, 

documented organizational procedures and practices, implementation of environmental 

management within the organization, and maintenance, monitoring and upgrade of 

management systems on an on-going basis [Griffith, 1994]. This cyclic structure is 

illustrated in Figure 5.4.1 [Crognale, 1999]. 
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Figure 5.4.1: Environmental Management System structure. 

Gri f f i th 1 3 suggests that the implementation of an E M S throughout the construction 

process is not an easy task. There are many issues to consider such as: the design, 

products and associated sourcing, and the acceptance of the project site team [Griffith, 

1994]. It must be considered that the sheer amount of contractors and suppliers 

involved i n the construction process leads to an inherent lesser control as opposed to 

the involvement of purely staff. A s such, it is seen that environmental management 

must be approached from numerous of different directions to gain a comprehensive 

and accurate perspective of all the issues, and must become an inherent part of the 

organization as wel l as the diverse contributors to the construction process [Griffith, 

1994]. 

1 3 A l a n Griff i th, M S c P h D . FCIOB. M B E n g . M I M g t . is an expert in the field of E M S . H e wrote the texts 
'Environmental Management i n Construction' (1994) and 'Environmental Management Systems: A n 
Outline Guide for Construction Industry Organisations' (1995). 
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There is an exhaustive amount of tools identified to aid in implementing and 

maintaining an EMS. These are [Thompson, 2000]: 

• Analysis of driving forces 

• Analysis of barriers 

• Strategic environmental 

management and planning 

• Environmental policies 

• Environmental management 

structures 

• Environmental impact 

assessment 

• Environmental audits 

• Environmental site assessment 

• Accounting practices 

• Product and technology 

assessment 

Life cycle assessment 

Purchasing guidelines 

Environmental indicators 

Environmental reporting 

Economic instruments 

Risk management 

Risk communication 

Education and training 

H u m a n factors (ergonomics) 

Joint implementation and clean 

development mechanism 

Ecological management 

The natural step 

It is highly improbable for a full implementation in the first cycle due to time and 

money constraints. Instead, it would be desirable to implement some of these tools, and 

then bui ld up to a more comprehensive EMS. 

5.4.2. Managing Sustainable Construction 

Managing Sustainable Construction (MaSC) is a collaborative initiative led by BRE, a 

leading force in the United Kingdom with expertise in buildings, construction, energy, 

environment, fire and risk. MaSC works on the premise that "a sustainable approach is 

a balanced approach that takes account the need to continue i n business, but which 
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does not seek profitability at the expense of the environment or society's needs" [BRE, 

2002]. The key steps that make up MaSC include [BRE, 2002]: 

• Gauging where the business is now 

• Nominating a champion 

• Setting up a small representative team 

• Arranging awareness-raising events for in-house staff 

• Setting up small teams to map and reconfigure specific areas of operations and 

working practices 

• Providing introduction and in-service training for all staff 

• Arranging awareness-raising events for suppliers and clients 

• Setting up procedures to monitor, review and report progress against objectives and 

targets 

Like E M S , M a S C works on the basis of continual improvement. It is asserted that a 

company should start from 'where they are now' and analyse their reasons for 

achieving sustainability i n order to focus their efforts. To this end, BRE has developed a 

self-analysis matrix to help companies understand their current position, and an 

accelerated learning game to help devise a plan of action. 

5.4.3. Obstacles to Environmental Management 

Despite the strong reasons for environmental management, there are some obstacles 

that must be addressed. Following is an abbreviated list of potential obstacles as 

identified by Griffith [Griffith, 1994]: 

• Management sceptism. Environment management must have executive backing. 

They must perceive need and want environmental management 
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• Lack of organisational comrnitment. Time, money, and organizational conviction 

and commitment are needed to develop a workable system 

• Financial implications. Start up costs can appear excessive, although as learned 

from quality control systems, this diminishes in the long term. There is also a cost 

for continued maintenance and certification 

• Organizational change. M a y be difficult to achieve organizational change. This is a 

result of poor communication as the management and staff does not know how and 

why the system is operating 

• Extension of existing management systems. The tendency is to operate 

environmental management in parallel to other management systems instead of 

fully integrating it 

• Public scrutiny. Environmental management shows the organization's care for, 

action toward and commitment to the environment. This can be scrutinized by 

regulatory bodies, protection agencies, and the public 

• Superficial environmental review and reporting measures. Review and reports 

cannot be superficial or inadequate 

• Inappropriate information flow and content. Level of information passed through 

each level of the organizational structure must be commensurate wi th the ability 

and needs of the different participating groups 

• Excessive paperwork. Environmental management should not require excessive 

paperwork if it is appropriately conceived and administered 

• System flow. Environmental management requires feedback making a 2-way or 

cyclic flow of information, operations must be prepared for that feedback 

mechanism 
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5.5. Dynamic Project Management Approaches 

Project management techniques are applicable in any project, from getting a product to 

market, organizing a party, or constructing a building. That said, there are many 'best 

practices' documented i n different industries' journals and books. A couple that are 

applicable to the overall formulation of the environmental management plan are 

outlined i n the following subsections. 

5.5.1. SMARTManagement 

S M A R T management is a term coined by Francis Hartman 1 4 . Its components lie within 

the acronym: S-trategically M-anaged, A-l igned, R-egenerative work environment, and 

T-ransitional management. The objective of S M A R T management is to "deliver projects 

significantly more efficiently than classical or modern project, management techniques" 

[Hartman, 2000, 7]. S M A R T management acknowledges that a project is only 

successful if all the stakeholders are pleased. 

Hartman suggests that project managers need different skills in order to deal wi th the 

increased uncertainty and complexity of projects. First, they need to be aware of the 

business environment and drivers that set the ground rules. Second, there are the 

technical implications of the project, such as sustainability issues or the risk 

environment. Finally, the larger societal issues must be understood [Hartman, 2000]. 

The concepts learned from S M A R T management and applicable to environmental 

management can be seen in Table 5.5.1 [Hartman, 2000]. 

1 4 Francis Hartman, P h D . is the N S E R C / S S H R C Chair and Professor i n the Project Management 
Specialization of the Faculties of Engineering and Management at the University of Calgary. H e wrote 
the text 'Don't Park Your Brain Outside'(2000). 
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Concept Components 

Developing a project 
charter 

Mission statement, key result areas, list of 
stakeholders, definition of completion and success, 
schedule, estimate and budget, risk assessment and 
mitigation plan, checkpoints, communications, 
procurement strategy, performance specifications, 
project policies and procedures 

Risk Management Perform risk identification, analysis, management 
and communication 

Regenerative workplace Open communication (no hidden agendas), 
ownership of your job, propensity to take risk, 
creativity, fun in the workplace, tribal culture, trust 

Contracts and contracting 
options 

Knowledge of contract terms, fair treatment, 
strategic and project alliances, incentives, dispute 
resolution 

Project control and metrics Focus on deliverables, priority triangle (cost, time, 
and performance), manage project variables, 
progress meetings, checklists, effective scheduling 

Administration Good documentation, record keeping, staying in 
touch with stakeholders, ensure customer 
satisfaction 

Table 5.5.1: Concepts of S M A R T Management 

5.5.2. 'Good' Project Management 

Jergeas 1 5 has recently developed a list of criteria for doing a 'good job'. Many of these 

criteria are applicable to environmental management and are [Jergeas, 2002]: 

• Leadership - senior management involvement, reward tied to performance, 

knowledgeable/concerned, site specific program, supportive/involved, 

professionalism 

1 5 George Jergeas, Ph.D. is an Associate Professor and Director of the Project Management Specialization 
Programme in the Department of Civil Engineering. 
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• Contracting Strategy - type of strategy, risks and responsibilities, rewards and 

incentives 

• Schedule - allows orderly development and time for planning, minimizes overtime, 

time for training, flexible, plans for long-lead items, regular updates and monitoring, 

corrective action 

• Skills of workforce - capabilities verified, knows regulations, buddy system 

• Training - investigation training, work method training, safety training, skil l specific 

training 

• Planning methods - done in advance, identifies communication, procedures, 

equipment, materials, training, hazards, skills, manages hazards 

• Procedures - reviewed with workers, are available to worker, proper for type of 

work, meets regulations, are verified 

• Communication - proper atmosphere established, planned, two-way, encouraged, 

written and verbal 

• Meetings - feedback communicated, participation solicited, purpose established, 

actions tracked, agenda in place, actions given, free dialogue, short 

• Skills of supervision - assessed, capabilities verified, trained in requirements, 

regulations, procedures, planning, methods, related to project and trades, attitude 

• Amount of supervision - based on worker capability and hazard management, 

based on complexity 

• Understanding of regulations - regulations available to supervisor and workforce, at 

jobsite, regulations understood, monitored, reviewed, and read 

• Orientations - related to requirements, hazards, craft, and job, professional 

• Investigations / reporting - proper personnel review, results are sought and shared, 

records maintained, formal 
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• A u d i t and inspection - action plans established and followed up, results 

communicated, audit follows criteria, program is working, performed in a positive 

manner 

• Attitudes - promotion of positive safety, positive reinforcement, verified at 

orientation and workplace, corrective action, checks in system 

5.5.3. Total Quality Management (TQM) 

The concept of Total Quality Management (TQM) has been applied to many 

organizations, including the building construction industry. T Q M is a management 

system that optimizes quality thereby satisfying customers' requirements. 

There are many problems that the construction industry is faced with in achieving 

T Q M . These problems can be extrapolated to apply to environmental management as 

well . The three top problems identified by design and construction professionals i n a 

T Q M workshop are [Deffenbaugh, 1993]: 

1. Lack of teamwork 

2. Poor communication 

3. Inadequate planning and scheduling 

The causes of the problems as identified by the same group are [Deffenbaugh, 1993]: 

1. Lack of team building exercises at the inception of the project 

2. Lack of understanding of team members' expectations 

3. Little or no team-oriented planning and scheduling 

It is suggested that to carry out T Q M , there must first be developed a 'quality culture'. 

A quality culture is deep-rooted and lasting in an organization. The values inherent in 

a quality culture "can be seen in the ideology, philosophy, charter, or basic credo of an 

organization" [Saraph, 1993]. T Q M must be evident in the planning and organizing 
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stage, be demonstrated by the leaders, and be reviewed continuously throughout the 

implementation of any given project. 

In a second workshop on T Q M for the building design and construction industry the 

following list of recommendations were developed for implementing a company-wide 

T Q M program for contractors [Chase, 1992]: 

1. Achieve total commitment of the Chief Executive Officer (CEO) 

2. Educate remaining upper level management 

3. Create a Quality Steering Committee 

4. Establish policies - through the development of mission and vision 

statements, guiding principles, education and training procedures, the 

general quality improvement process, quality measures, methods for 

maintaining awareness and enthusiasm, and recognition 

5. Prepare a flow diagram of company process to ensure that there is a thorough 

understanding of processes, interrelations and responsibilities 

6. Conduct customer and employee surveys to identify the needs and 

perceptions of employees and external companies 

7. Continue basic quality education, including: team building, communication, 

measurement, problem identification, process improvement, and job skill 

improvement 

8. Appoint quality-improvement teams and assign tasks; these teams should be 

multi-level, wi th 4 to 8 members 

9. Conduct pilot tests on recommended process improvements - continually 

monitor and evaluate 

10. Implement improvements and procedures company-wide 

11. Begin supplier improvement 
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A Deming cyclic plan-do-check-act (PDCA) approach to T Q M is recommended. The 

planning stage includes a one-day session, in which key players in the project are 

present. This session includes: team building exercises, orientation to T Q M , stating of 

expectations, formation of a mission statement, and action items required to accomplish 

the mission. The do stage is composed of key task items such as: recognition, quality 

teams, quality indicators (measurement) and training and development. The check stage 

includes regular meetings, feedback, evaluation, and a post-mortem meeting. Finally, 

the act stage is comprised of continuous improvement actions, such as: improving 

meetings and field processes during construction, and striving to bui ld on the T Q M 

process i n the next project [Deffenbaugh, 1993]. 

5.6. Community-Based Social Marketing 

Community-based social marketing (CBSM) is a tool used to initiate public programs 

aimed at fostering sustainable behaviour, such as community-wide recycling, use of 

mass transit, and promoting the purchase of environmentally-friendly products to 

consumers. C B S M was formed after it was found that traditional social marketing, 

which mainly consists of media advertising, was effective i n creating public awareness, 

but not behaviour change [McKenzie-Mohr, 1999]. 

C B S M works on the premise that initiatives to promote behaviour change are most 

effective when 1) they are carried out at the community level and 2) involve direct 

contact. It is included in this chapter because it is thought that there are similarities 

between the actions required for community participation in sustainable programs, and 

actions that are required by construction workers to achieve green building 

construction. 
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The tools used i n C B S M are plentiful. Briefly the applicable tools used in C B S M are 

[McKenzie-Mohr, 1999 and Kassirer, 1998]: 

• Overcoming barriers - identify and rank barriers, weigh the importance of each 

barrier versus the investment, and plan how to address each barrier 

• Coaches / leaders - recruit people to aid in helping their peers i n overcoming 

barriers to the sustainable actions 

• Peer support - participants support one another in taking the sustainable actions 

• Prompts - present noticeable prompts as close in time and space to the sustainable 

action to remind people to engage in that action 

• N o r m appeal - based on the premise that people w i l l tend to conform with the 

normative 

• Financial incentives / disincentives - give incentives that w i l l reward people for 

their sustainable action, or disincentives as a penalty for not participating i n the 

sustainable action 

• Obtaining commitment - Obtain a verbal or written commitment from the 

participant 

• Word-of-mouth - Cause participants to tell other people about the initiative, by 

asking them to, or making them want to 

• Communication - Use v i v i d communication at the participants' level to capture 

their attention 

• Feedback - give participants information on the impact of their actions 

• Evaluation - Evaluate the sustainable action program to ensure that it is achieving 

the stated goals 

• Building motivation over time - continue to bui ld on sustainable activities to further 

foster sustainable behaviour 
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5.7. Green Building Construction Certification Programs and Guidelines 

Several of the certification and guidelines available for green building outline 

environmental management strategies for the construction phase. These management 

strategies are outlined in the following subsections. 

5.7.1. Management Strategies Formed from Environmental Issues 

Building on the issues presented in Chapter 3, numerous management strategies 

required in the planning, implementation and commissioning stage of a green building 

construction process are identified in certification programs and green building 

guidebooks. These management strategies are summed up in the following Table 5.7.1 

( B R E E A M , 2002, Green Buildings BC, 2001, Mendier, 2000, N R C a n , 2000, PTL 1996, 

Santa Monica, 2002, U S G B C , 2000): 

Project Stage Strategy 

Pre-planning • Communicate stakeholder expectations 

• Develop environmental policy 

• Summarise environmental objectives 

Contract 
Administration 

• Advise subcontractors of environmental objectives of 

the project 

• Include in contract all environmental requirements 

(e.g., waste management, site protection, 

procurement) 
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Project Stage Strategy 

Planning • Deconstruction plan 

• Environmental risk management plan 

• Site and local ecology protection plan (including 

sediment and erosion control, vegetation 

conservation) 

• Hazardous materials plan 

• Waste reduction and management plan (including 

recycling and reusing) 

• Procurement procedure 

• Resource efficiency plan (water, energy, materials) 

• Scheduling plan (restrictions, sequence of finishing, 

noise abatement) 

• Installation checklist, inspections and testing plan 

• Commissioning plan 

• Health and safety plan 

• Quality control plan 

• Rewards and recognition plan 

• Training plan 

• A i r quality plan (for protection of future occupants, 

construction workers, and community) 

• Integrated pest management (IPM) plan 
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Project Stage Strategy 

Implementation • Implement plans devised in the planning stage 

• Ensure environmental strategy is part of the agenda 

i n project meetings 

• Provide appropriate training 

• Review and monitor activities set out in plans (i.e., 

review submittals for compliance, review material 

installation, Review practices to ensure minimization 

of impacts on adjacent water bodies) 

• Measure items as set out i n plans to compare with 

benchmarks (e.g., waste reduction) 

• Test and inspect (i.e., for potential contaminants, 

sound barriers 

Commissioning • Develop an commissioning checklist and schedule 

Table 5.7.1: Management strategies formed from green b u i l d i n g certification 
programs and guidebooks. 

5.7.2. HOK Guidebook Process 

It is proposed by the H O K Guidebook that the priority triangle presented i n Chapter 4 

should be expanded to a pentagon, as shown i n Figure 5.7.1 [Mendier, 2000]. The two 

new priorities, ecology and human safety, would allow builders to better align their 

choices wi th green building objectives. 
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Cost 

Ecology 

Human 
Safety 

Time 

Figure 5.7.1: New approach to the priorities in building construction projects. 

5.7.3. C-2000 Integrated Design Process 

The C-2000 Integrated Design Process is an alternative to the conventional process 

outlined in Chapter 3. In the integrated process, there is an inter-disciplinary team 

formed at the beginning stages of the project. A l o n g with the design facilitator, 

architect, engineers, various consultants and specialists, operations and maintenance 

staff, client representative and occupants, the contractor and potentially the key trades 

are included i n the design stage of the project. In the design process, construction 

planning, quality assurance and commissioning plans are laid out i n a pre-construction 

report, i n conjunction with specifications and drawings [NRCan, 1999]. 

The C-2000 Process continues on into the construction phase, including the 

requirements of: site inspections, as-built documentation, manuals, training for 

operational staff, and a commissioning report. 

It can be seen that different contracting strategies would be required i n this integrated 

design process. The traditional linear design phase ¿> tender phase strategy w o u l d not 

work i n this situation. Instead, innovative contracting strategies such as partnering or 

design-build w o u l d be desirable. 
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5.7.4. Building Green in a Black and White World 

Building Green i n a Black and White Wor ld is a guidebook for residential builders 

written by David Johnston. Johnston suggests that 'green building is an evolutionary 

process that takes time to develop' [Johnston, 2000, 63]. To become a green builder, a 

company must first conduct a self-evaluation of current practices (e.g. materials 

procurement, waste management, construction procedures). They should try to qualify 

for a green building program, and should experiment with new processes i n different 

projects before implementing them company-wide. 

Johnston suggests these pointers in creating a green company is [Johnston, 2000]: 

• Create the vision 

• Obtain buy-in by: getting feedback for vision and values, aligning compensation 

and reward systems with values, holding mini-workshops, addressing company 

norms and realigning if necessary 

• During implementation: hold workshops, speak the vision, align rewards, establish 

process teams, monitor, communicate, refine processes, and get feedback 

5.8. Chapter Summary 

M a n y different approaches to project management were presented in this chapter. 

From these approaches, specific strategies required to meet environmental requirements 

i n a project can be extrapolated to be components in an implementation plan. There 

was a wide range of management strategies identified, including: planning, training, 

inspections, rewards and recognition system, communication, monitoring and 

reviewing, and obtaining feedback. 
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Overall management processes can also be seen in these approaches, which have been 

successfully utilized before i n other applications. These processes, such as EMS, M A S c , 

T Q M , and S M A R T Management w i l l be instrumental in developing an environmental 

management plan for green building construction. 
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Chapter 6: Survey Findings 

6.1. Chapter Overview 

This chapter discusses the surveys performed for the M D P . A n overview of the surveys 

is given, along wi th the overall survey objectives and methodology. Finally, the survey 

results are presented. 

6.2. Overview of Surveys 

Two main surveys and one follow-up survey were distributed during this M D P . A 

survey entitled "Construction Management for Green Bui ld ing" was distributed in 

A p r i l to June of 2002. The survey was targeted at green building professionals to 

determine the environmental issues addressed and construction management strategies 

used in the construction phase of green building projects. 

A survey entitled "Environmental Initiatives and Management Strategies for Building 

Construction" was distributed to local builders that were not currently involved with 

green building projects i n June 2002. The purpose of this 'control' survey was to 

determine current environmental initiatives performed by building professionals, and 

to document the management strategies currently used during construction. 

Finally, a follow-up survey via e-mail was conducted with construction managers, 

project managers and general contractors who participated in the first survey 

mentioned above. The purpose of this survey was to gain insight specifically on the 

green building construction management process. 

6.3. Survey Objectives 

There were five objectives set for the surveys. These were: 

1. Determine the extent to which documented environmental issues are addressed 

in green building construction. 
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2. Determine the viability of various management strategies i n green building 

construction. 

3. Compare the environmental initiatives addressed in construction phase of green 

building projects versus those addressed in conventional building projects. 

4. Determine current management practices in order to allow for the integration of 

management components required for green building construction. 

5. Obtain a feel for the potential of green building in the future versus the current 

stance on green building from local non-green builders. 

6.4. Survey Methodology 

The two main surveys consisted of a combination of scaled and open-ended questions. 

In the first section of the main surveys, general questions were presented, such as: the 

specific profession of participants, experience level, and number of years in the 

profession. These questions served to show the validity of the survey in terms of the 

level of expertise of the participants in green building construction. 

In the second section of the main surveys, environmental initiatives were presented. 

The environmental initiatives were chosen from the literature findings presented in 

Chapter 3. Both of the survey groups (green building professionals and local building 

professionals) were asked to rank these environmental initiatives on a 5-point scale that 

varied from 'never' performed to always' performed. 

A variety of management strategies were then presented to green building professionals 

and conventional building professionals. These techniques were gathered from the 

management techniques presented in Chapter 5. For the green builders, this served to 

ascertain the effectiveness of current management practices in meeting the 

environmental initiatives in green building construction. The survey group ranked the 
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management strategies presented on a 5-point scale that varied from 'very ineffective' 

to 'very effective'. 

For the conventional (local) builders, the management questions were intended to 

obtain an understanding of both the general and environmental management strategies 

used currently in their practices, so that the environmental management system could 

be integrated into the existing management frameworks. To this end, the local builders 

ranked management strategies, again on a scale of one to five, ranging from 'never' 

performed to 'always' performed. 

To obtain the survey results, survey responses were transcribed verbatim into a 

database. The participants' rankings of the environmental initiatives and management 

strategies were counted and the means were calculated. The analysis of the survey 

included quantitative and qualitative measurements. 

6.5. Survey Results 

The surveys were analyzed using quantitative and qualitative measures. The detailed 

results of the survey can be seen in Appendix A . A summary of the results follows i n 

this section. The survey results are intended to be representative of the groups 

surveyed, but are not statistically significant. 

6.5.1. Participantlnformation 

In the first survey to green builders, 31 practitioners responded. This agrees with the 

suggestion of many researchers that a minimum sample size of 30 is considered 

representative for any group [Sproull, 1995]. The second survey to local conventional 

builders had 5 respondents. Although this number is low, one must consider that the 

number of bui lding construction managers in the local area (Calgary) is also low. 

Therefore it is found that the number of respondents is consistent with the view of 

researchers who use a 5 - 1 0 percent sample of the population [Sproull, 1995]. 
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It is important to note the sample distribution and size to ensure its validity. The first 

survey was distributed to practitioners that participated voluntarily through two green 

building listserves (one i n Canada and one in the United States) and directed e-mails 

from lists obtained on the internet. The second survey was randomly distributed to 

construction managers and general contractors using the yellow pages as a directory. It 

is thought by the researcher that these methods of distribution attained a representative 

sample of the green builders. It should be noted, however, that no builders from 

eastern Canada responded to the survey. This is noted in the limitations of the M D P . 

In the first survey to green building practitioners, quite a few survey participants had 

more than one occupation. The most popular occupations were architect/designer, 

general contractor, and green consultant. Most participants (84 percent) practiced in the 

United States, while 26 percent practiced in western Canada. 84 percent of the 

participants had 11+ years of experience in the building construction industry, and 

most had over three years of experience in green building construction. Most 

participants felt that they had an excellent (35 percent) or good (45 percent) level of 

understanding of green building construction. There was a good representation of the 

building industry by building type in this survey. Most of the participants worked on 

commercial bui lding projects as well as other types of building projects, such as 

residential, institutional and industrial. 

In the second survey to local building practitioners, the majority of the participants 

were construction managers. 80 percent of the respondents had 11+ years of experience 

in bui lding construction. Most participants felt that they had an excellent level of 

understanding of building construction and the majority thought they had a good level 

of understanding of the environmental aspects of building construction. 

An Environmental Management Plan for the Construction of Green Buildings 
Chapter 6: Survey Findings 

Page 93 



Both sets of participants were asked about their sources of information for green 

building. It was found that most builders turn to seminars and courses and magazines 

for information. Other mutual sources of information were websites and 

newsgroups/listserves. 

6.5.2. Reasons for Involvement 

Survey participants were asked for their reasons for carrying out environmental 

initiatives i n building construction. In the first survey to green builders, most 

respondents indicated that they were involved in green building for the reasons of 

personal interest or good business. In the second survey, local (conventional) builders' 

reasons differed, as their reasons were primarily cost savings and meeting regulations 

as wel l as for interest. Surprisingly, one of the least popular reasons for involvement i n 

both survey was to obtain clients. However, one survey participant d i d suggest that in 

the future "green building construction w i l l be mandatory ... through environmentally 

conscious building owners." 

6.5.3. Objective 1 : Determine the extent to which documented environmental 
issues are addressed in green building construction. 

The results of the survey indicate that green builders strive to mitigate the direct effects 

of their actions to the local environment first. This includes: minimizing pollution to 

the land and water systems, which could be achieved by tactics such as proper handling 

of hazardous materials, and controlling erosion and sediment. It should be noted that 

many of these tactics are required by regional regulations (municipal or 

provincial/ state). 

Second of importance to green builders is quality control during building. Builders 

strive to ensure the correct operation of building systems as designed, including: water 

and energy systems, and the building envelope. It is postulated that this priority is due 

to the duty of the contractor to uphold the quality of their work for 'good business', and 

the need to adhere to local building codes. 
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Next in importance is resource conservation, including reducing waste generation, use 

of waste and recycling collection systems, retaining topsoil, procurement of locally 

sourced, recycled and reused materials, and protecting and/or retaining vegetation. A s 

there are usually no regulations covering these initiatives, it is thought that these 

actions arise from the interest in protecting the environment, and in inherent cost 

savings. 

Also in this range of importance is the protection of workers, community, and future 

occupants, specifically, protecting workers from exposure to health risks, minimizing 

impact on the community, and protecting future occupants' indoor air quality. It is 

acknowledged that a certain amount of protection to these groups is present in any 

project in the form of O H & S regulations, building codes, and municipal by-laws. A n y 

extra protection given by construction personnel is seen as an interest in the well being 

of the workers and surrounding community, and requirements set out by the project 

team. 

The least carried out environmental initiatives by surveyed professionals included: 

practicing water and energy efficiency during construction, and minimizing air 

pollution during construction by actions such as using low-emission motors. This may 

be because of the 'little payback' for the effort spent. It is stated by one participant that 

"the gains in energy, water and machinery efficiency during the construction period are 

so minimal compared to the efficiency gained by the building that we do expend much 

effort on these items." 

6.5.4. Objective 2: Determine the viability of various management strategies in 
green building construction. 

The survey results suggest that the most effective management strategies are general 

project management tools, which include: front-end planning for the 'green' aspects of 

the project, commitment of upper management on environmental initiatives, and 

setting 'green' goals and priorities for the project. 
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Second of importance is employing supervisors and construction managers that have 

good leadership qualities. This strategy could be extended to subtrades as wel l . A s one 

participant suggests, "green building starts with hiring the right people, [and] as the 

saying goes you can't teach an old dog new tricks. If the builders and trades are not 

interested in the building program you've hired the wrong contractor." 

Also deemed more effective is setting out a quality control plan for the project. This 

links to the high importance builders place on quality control issues as mentioned i n 

above. A rewards system (monetary or non-monetary) and recognition were also both 

deemed effective as a management strategy in achieving green buildings. 

General training and skills training on green buildings for construction manager and 

field supervisors was identified as the next most effective strategies. Finally, an 

innovative contracting strategy (e.g. design-build, partnering), and detailed contract 

specifications for 'green' aspects of project were identified as important for effective 

management of green buildings. 

The lack of participation of constructors in the design phase of the project is apparent in 

green building projects. Results of the survey showed that green designers and project 

managers believed that a constructability analysis, or participation of construction 

personnel in the design was less effective, as compared to the opinion of the 

professionals directly involved in construction. 

The least effective management strategies identified included: risk management 

planning for the 'green' aspects of the project, detailed green product procurement 

procedures i n place, and allowing a cost allocation for the green building construction 

program. One participant suggested, "green does not have to cost more if planned for 

during pre-construction and incorporates construction managers who are not afraid of 

i t ." 
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It is important to note that all of the management strategies presented i n the survey 

were on average deemed effective by respondents. The real trick is choosing a 

combination of strategies that w i l l work effectively. A s one respondent states, "most of 

the [management strategies] .. .are all foundations of quality project management. 

Taken out of context they are all effective. Unfortunately (realistically) you can't do 

them all - the challenges are priorities and trade-offs". 

In the follow-up survey to the green builders, more was asked on the management 

process used (if any) i n green building construction. One respondent relayed that the 

basic concept used was the consideration of the environment in every decision made on 

site. "We always look at price, time and quality when decision making. I always add in 

sustainability to the equation." Another respondent relayed that although no proven 

process has been used, the key to green building construction is defining goals and 

strategies to achieve the goals early in the project process. Also, he states that achieving 

a green building i n a traditional delivery system (design <=> bid build) w o u l d be 

difficult process. Projects with collaboration between the owner, architect and 

contractor have been his most successful. 

6.5.5. Objective 3: Compare the environmental initiatives addressed in 
construction phase of green building projects versus those addressed in 
conventional building projects. 

From the results of the survey, it was seen that green builders and local builders both 

regularly participate i n regulated activities, including: minimizing pollution to land 

and water, ensuring correct operation of water and energy systems, maintaining 

building integrity for energy efficiency and indoor air quality, and protecting workers 

from exposure to health risks and noise. 

Both groups retain topsoil, although green builders generally retain more topsoil than 

local builders. A s well , both groups maintain indoor air quality during construction, but 

the level of air quality differs as illustrated by the amount of materials with low 

offgassing potential procured. 
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Both green builders and conventional builders do not regularly minimize soil 

compaction on sites. This may be because of brownfield development, i n which the 

ground has been previously disturbed and where the topsoil is typically stripped. The 

builders also do not regularly practice water and energy efficiency. 

The differences between green builders and conventional builders with respect to 

environmental initiatives include the fact that recycling and waste reduction are 

performed much more often by green builders than by local builders and the average 

amount of waste recycled is on average about 20 percent more for green builders versus 

conventional builders. 

M u c h more green builders procure locally sourced, recycled and reused materials than 

conventional builders A s well , a significant amount of green builders procure more 

low-off gassing materials than conventional builders. 

Green builders protect or retain vegetation more than local builders. They also control 

erosion and sediment more often. Other environmental aspects that more green 

builders participate in versus local builders include: minimizing air pollution, ensuring 

the integrity of sound attenuation partitions, and minimizing noise effects on the 

community. 

6.5.6. Objective 4: Determine the current management practices in order to allow 
for the integration of management components required for green building 
construction. 

Current management strategies were also uncovered in the survey to local builders. It 

is important to understand these currently used strategies so that the environmental 

management plan can work within the organization's construct. 

The most widely practiced management practices included general management 

techniques such as setting goals and priorities for the project, general front-end 

planning, and risk management planning. Good leadership qualities in construction 

manager and field supervisors were also important to local builders. 

An Environmental Management Plan for the Construction of Green Buildings 
Chapter 6: Survey Findings 

Page 98 



A healthy work environment (in a physical sense) and a priority on teamwork were the 

two most practiced labour relations tactics. Also widely practiced in current building 

projects was a quality control plan. 

Not surprisingly, environmental management strategies are among the least practiced 

management strategies performed on a regular basis. These environmental 

management strategies include: training on environmental aspects for construction 

manager, field supervisors, trades and staff, detailed product procurement procedures 

in place that address environmental strategies, risk management planning for 

environmental strategies, detailed contract specifications for environmental strategies, 

front-end planning for the environmental strategies in the project, and commitment of 

upper management on environmental strategies. 

Other strategies that are not practiced widely include a mentoring program, rewards 

(monetary or non-monetary) and recognition, conflict avoidance / resolution 

techniques, and employee and/or trade involvement in decisionmaking. 

6.5.7. Objective 5: Obtain a feel for the potential of green building in the future 
versus the current stance on green building from local non-green builders. 

Green builders voiced their optimism that green buildings w i l l become mainstream in 

the future. The non-green builders, some of which are beginning to become involved in 

green building projects, do not necessarily share this optimism. They believe, as do the 

green builders, that the government must become involved, and that the perception of 

extra costs for environmental strategies is the primary reason for the reluctance of 

construction companies to move forward in this realm. One participant suggests that 

"there is a fair amount of resistance to change in the [construction] industry, and it w i l l 

take a lot of proven examples to turn that around." 
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6.6. Chapter Summary 

The survey portion of the M D P was presented in this chapter. First, the survey 

objectives and methodology were laid out. The findings from the two main surveys to 

green builders and local builders, and a follow-up survey were then presented. These 

findings included participant information and reasons for involvement. A s well , 

discussions surrounding the 5 objectives were presented. These included the topics of: 

environmental initiatives in green and conventional building projects, viable 

management strategies to achieve the initiatives, current project management 

frameworks in conventional building construction, and the perceived future of green 

building. 
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Chapter 7: Environmental Management Plan 

7.1. Chapter Overview 

In this chapter, the Environmental Management (EM) Plan is presented. A s stated in 

the introduction of the document, the E M Plan can be used by a construction manager 

in the construction of green buildings. It includes a management process, which i n turn 

consists of management strategies that w i l l enable mitigation or elimination of 

environmental impacts. 

Following in this chapter, the framework of the E M Plan are outlined, as well as the 

principles. Then, the overview of the E M Plan is presented. Finally, the elements that 

comprise the E M Plan are described. 

7.2. Framework 

There are three concepts that make up the E M Plan: the environment, management and 

construction. The relationship between these concepts is seen in Figure 7.2.1. 

Environmental 
Management Plan 

Figure 7.2.1: Framework for the E M Plan. 
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The overlap between the concepts of environment and construction was discussed in 

Chapter 3: Environmental Issues in Building Construction. Chapter 5: Review of 

Management Strategies, discussed the overlap between the concepts of management 

and construction, and management and environment. 

The survey findings shown i n Chapter 6 and interviews served to initiate the 

relationship between all three concepts of environment, management and construction. 

In the surveys, environmental initiatives identified in the literature review were 

evaluated by building professionals to determine their relative importance and 

practicality in green building construction. Interviews with bui lding experts aided in 

clarifying the role of these environmental initiatives within building construction. The 

survey participants then determined effective management strategies used to 

implement the environmental initiatives i n green building construction, thus marrying 

the concepts of environment, construction, and management. 

The characteristics of the current (conventional) construction process discussed in 

previous chapters aided i n providing a benchmark or starting point for the E M Plan. 

The bui lding processes described in Chapter 4 outlined the context of the current 

building environment. In Chapter 6: Survey Findings, environmental initiatives and 

the general management framework performed in conventional construction were 

discussed. The knowledge of these contexts allowed the E M Plan to evolve in a 

practical, realistic manner, working at the level of environmental awareness that the 

contractors possessed, and working within their project management construct. 

Chapter 4 also discussed the drivers for and barriers to change in green building. This 

discussion brought to the E M Plan the driving forces that motivate both construction 

companies and individual workers to participate i n green building. It also presented 

the barriers to the change to green building, which allowed the E M Plan to be devised 

i n such a way to avoid or counteract these obstacles. 
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Following the synthesis of the information attained in the literature review, surveys and 

interviews as indicated in this section, the E M Plan described in this chapter was 

formed. The E M Plan, a coherent workable programme, lies within the overlap 

between the three concepts of environment, management and construction. 

7.3. Principles 

The E M Plan is based on principles gained from the information presented in the 

previous chapters. The principles are: 

1. Work within the organization's construct and their current understanding of 

green building construction. 

2. Acknowledge that it is most often the management that determines the 

success or failure of a project. 

3. Work towards the objectives of: resource conservation, lowering 

environmental impact and environmental regeneration on the local, regional, 

and global scales. 

4. Understand that every project is unique and that there is not a one-fits-all 

solution. 

5. Balance between environmental good and economic effects. 

6. Acknowledge the values and strengths of the people and good relationships 

signatory of a regenerative work place. 

7. Implement strategies that promote behaviours in a positive manner. 

7.4. EM Plan Overview 

The E M Plan is divided into four phases: planning, implementation, evaluation and 

continual improvement. The phases, shown in Figure 7.4.1, are in turn composed of 

several elements, which are presented and explained i n the following sections. 
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It is important to understand that for the E M Plan to be successful, every element must 

be performed to some extent. In this way, the plan is considered a process. 

Evaluation 

Continual Improvement 

Figure 7.4.1: Phases i n the E M Plan. 

In working with this process, it is desirable to achieve a "balanced scorecard" as coined 

by Francis Hartman. A balanced scorecard accounts for various components that are 

essential to effective project management, including but not limited to: workplace 

expectations, trust, individual needs, corporate objectives, project performance, team 

recognition, systematic approach, and flexibility [Hartman, 2000,122]. Injuggling these 
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components, compromises, or give-and-take w i l l be necessary during the process to 

ensure that that the E M Plan fits into the company's culture. 

"Culture is the sum total of all the shared, taken-for-granted assumptions that a group 

has learned throughout history" [Kirkland, 2001,1]. In implementing the E M Plan, 

culture should be considered because [Kirkland, 2001]: 

• It is shared 

• It involves social relationships 

• It reflects experience 

• It can involve emotions and defensive behaviour 

• It can be intrinsically linked with other organizational elements 

A t first, a 'paradigm shift of thinking' or cultural change may have to occur for the E M 

Plan to be successful. This shift consists of attitude and behaviour changes of all 

players, required to accommodate the new focus on the environmental objectives. It 

may be difficult for project players to realize this shift, as the concept of protection of 

the environment can be intangible. This has been taken into consideration in the 

development of the E M Plan, and the elements within the plan have been designed to 

encourage the shift. 

Examples of elements within the E M Plan that encourage the shift are the environment 

charter and training. The charter, which lays out the goals and objectives of the 

environmental programme for the project, gives the project players an awareness of the 

intent of the E M Plan, and its importance to the project. The element of training partly 

consists of passive methods that have been documented to promote behavioural 

changes. For instance, prompts located close to a desired environmental action, such as 

signage and decals, invokes the desired response from people that, after a period of 
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time, w i l l continue without the presence of the prompt [McKenzie-Mohr, 1999 and 

Kassirer, 1998]. 

It is also evident from many sources that commitment from the company executives is 

essential to the success of the E M Plan. The executives often times act as role models 

and leaders in an E M programme. They also must provide the necessary resources to 

start and develop the E M programme, and keep it running [Chase, 1992]. Wi th no 

commitment, staff and trades w i l l lack the motivation to implement the E M Plan, and it 

w i l l definitely falter and perhaps fail. 

Finally, a designated ' E M Coordinator' should be responsible for the E M Plan. In this 

way, one person is overseeing the whole process, which leads to a coherent programme. 

The E M Coordinator duties could be integrated into an existing position on the project 

team, such as the project manager, construction manager, project coordinator, or green 

building consultant. Alternately the E M Coordinator could head the E M Plan in 

multiple projects. In any case, it should be ensured that the E M Coordinator has a 

complete understanding of E M in building construction, and is empowered to make 

decisions that directly affect the construction management of a project. 

7.5. Integration of the EM Plan into the Project Flow 

The E M Plan for green building construction should ideally be part of the overall 

project flow. The client ultimately decides the requirements for the environmental 

initiatives of the green building project. In order for a cohesive, integrated solution, the 

project team, including the client, architect, planner, and consultants, should be 

involved in setting the environmental mandate of the project. From this, the E M Plan 

can be implemented. A l o n g with the builder's E M Plan for construction, the other team 

members should be encouraged to implement their own plans for dealing with the 

project's environmental mandate. Throughout the duration of the project, team 

members should meet regularly and continually inform each other of the progress of 

their respective plans, and openly discuss the successes and challenges incurred. 
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The E M Plan has been designed to integrate into any contractual agreement that the 

client has with the builder, including: low-bid methods and design-build processes. In 

this way, the E M Plan can be implemented in a variety of contractual situations. The 

researcher does acknowledge, however, that good working relationships and teamwork 

are essential to the E M Plan. Therefore, with respect to contractual relationships, it is 

suggested in the E M Plan that the contractor should strive to partner with other team 

members. In partnering, these team members would agree to work together on a 

project, wi th mutual objectives, conflict resolution techniques and continuous 

measurable improvements [CBPP, 1998]. 

Eventually, and ideally, the E M Plan can be fully integrated into the overall project 

management framework. By doing this, there no longer exists a distinction between the 

'project implementation strategy' and 'environmental management' parts of the project. 

The E M Plan contains many strategies that are extensions of 'good' project management 

techniques. Therefore it would benefit a project management framework if the E M 

Plan's management strategies were integrated. Also, the project process w o u l d become 

streamlined and more efficient, resulting in a better-run project. 

7.6. Elements of Environmental Management Plan 

7.6.1. PIanningPhase 

The planning phase is important to define the environmental programme for the 

project. It consists of the elements: audit, formulation of project charter, risk 

management, guidelines and procedures and constructability analysis. These are 

shown i n Figure 7.6.1. This phase is represented in an arrow shape, as the elements 

should be performed in a linear fashion. 
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Audit 

Envirbnrnent Charter 

Risk Management and Communication 

Guidelines and Procedures 

Constructability Analysis 

Figure 7.6.1: Elements i n planning phase. 

Audit 

Description A thorough review of current practices. A n audit includes a 

review of processes such as: procurement practices, contract 

administration, project structure, waste management, land, 

water and air pollution practices, hazardous waste 

management, safety management, communication plan, and 

energy and water efficiency practices. 

The auditor must be objective and independent. He/she 

gathers and reviews pertinent information, evaluates, and 

prepares the audit report [Wilson, 2000]. 

Rationale Audits are one of the main components of an E M S . A n audit 

ascertains the construction firm's current practices with respect 

to the environment. This is important to enable the E M Plan to 

fit into the organization's construct. A n audit also provides a 

benchmark for future comparison, which allows for 

subsequent measurement and indication of success. 
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Suggested 
Actions 

In an audit, the E M Coordinator should interview supervisors, 

labourers, subcontractors, community, and construction 

manager on current environmental building construction 

practices. Actions should be observed on current projects. The 

results should be documented in a comprehensive clinical and 

impartial audit report [Wilson, 2000]. 

Environment Charter 

Description A n environment charter defines and sets out the 

environmental programme for the project. It includes: the 

environmental mission statement, list of stakeholders, 

definition of completion and success, checkpoints and 

deliverables, objectives, and organization structure. 

Rationale 

Suggested 
Actions 

The environmental charter is key to ensuring that everyone 

involved i n the project understands the intent of the E M Plan. 

A n environment charter is a document that all further plans 

and decisions can be based upon. It is based on the concept of 

a project charter described by Francis Hartman in Chapter 5. 

Studies have shown that the "leading critical success factors for 

projects" include a clearly defined mission [Hartman, 2000, 35]. 

After the audit is performed, key players should meet and set 

out the environment charter. A n environmental mission 

statement, list of stakeholders, and environmental objectives 

should be developed. The definition of completion and 

success should be then documented, as well as checkpoints 

deliverables. The organization structure should be laid out, 

perhaps using a R A C I chart, to determine the deliverables 
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associateci with the E M Plan and the persons who have 

responsibility, performs the action, coordinates, and needs to 

be informed. 

Risk Management and Communication 

Description Risk management and risk communication are mechanisms to 

identify, deal with, and communicate risks associated with the 

environmental programme. 

Rationale 

Suggested 
Actions 

Risks, such as hazardous waste spills and indoor air 

contamination, can be very costly to a project if not mitigated. 

The amount of risk increases in a project when there are 

unknowns, which is the case when a company is beginning to 

become involved in building green buildings. Managing risks 

can help the construction manager to: be proactive, minimize 

risks and fairly allocate the risks [Jergeas, 2002]. Risks should 

then be communicated so that all stakeholders understand the 

environmental implications of the construction project, and the 

associated parties responsible for the risk items. 

Environmental risk management and communication should 

be an extension of the project risk programme already in place. 

For risk management, qualitative and/or quantitative 

measures are used to identify and rank risks. Then, the party 

that w i l l be responsible for the risk is identified. If appropriate, 

mitigation measures are developed, e.g., insurance, control 

measures. Finally, the plan is communicated to all 

stakeholders so expectations are clear. 
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Policy and Procedure Development 

Description Policies and procedures for environmental aspects of the 

project are required to reach objectives set up in the project 

charter. Various potential policies and procedures can be 

developed in an E M Plan, including: 

• Deconstruction plan (recycling and salvaging building 

products stemming from demolition) 

• Site and local ecology protection plan (including sediment 

and erosion control, vegetation conservation) 

• Protection of adjacent community environment 

• Hazardous materials plan 

• Waste reduction and management plan (including 

recycling and reusing) 

• Procurement procedure 

• Resource efficiency plan (water, energy, materials) 

• Scheduling plan (restrictions, addressing conflicts between 

E M speed of construction, sequence of finishing, noise 

abatement) 

• Commissioning, start-up and turnover plan 

• Health and safety plan 

• Quality control plan 

• A i r quality plan (for protection of future occupants, 

construction workers, and community) 

• Integrated pest management (IPM) plan 
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Rationale Although the development of policy and procedure seems to 

be a daunting task, it allows the construction manager to be 

proactive and lends to the project a lot of clarity and 

organization. Policy and procedure development sets out the 

documentation flow i n advance of implementation, which 

allows for a coherent, whole system. Also, documentation of 

the policies and procedures is available to the workforce, so 

that they can better understand what is expected of them. 

In policy and procedure development, the environmental 

strategies that w i l l have policies and procedures implemented 

for the particular project should be determined. This is 

achieved by reviewing the project's environmental objectives 

and figuring out how they w i l l be best satisfied. In the 

development of policies and procedures, barriers to and 

drivers for environmental management should be considered 

to choose appropriate methods for planning to implementation 

of environmental activities. 

Policies and procedures can include: contract clauses, 

procedures for office and field staff, and forms and reporting 

documentation. 

Suggested 
Actions 
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Constructability Analysis 

Description Constructability analysis is an analysis of the design to ensure 

constructability with respect to quality and to environmental 

practices. It entails participation in design meetings and/or 

liaison with designers (architects, engineers and consultants) 

when appropriate, and analysis of the design to determine the 

effect on construction activities. 

Rationale 

Suggested 
Actions 

Constructability analysis is important for good plans and 

specifications, and helps to minimize disputes [Jergeas, 2002]. 

Today, this analysis occurs in design-build projects, i n which a 

building is designed and constructed by the same firm. In 

constructability analysis, the construction representative has 

input in the design of the building. This can minimize both 

monetary costs and activities harmful to the environment. 

Ideally, the general contractor should be involved during the 

design process. This should be explained to the client and/or 

project's architect. In this way, the constructability can be an 

input into the desired design. Constructability analysis along 

with periodic meetings with the designers and client can 

ensure the best product. 

If involvement during the design phase is not possible, i.e., the 

contractor is not chosen until the design is complete, the 

contractor can perform a constructability analysis on the final 

design after being awarded their contract. Changes can be 

then made on the contractor's recommendation. It must be 

clear that at this point, the changes w i l l be more reactionary 

than proactive, as the input of the constructor w i l l not be 
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inherent in the design. 

It should be noted that it is important that the contractor does 

not interfere with the other disciplines. Team cooperation and 

mutual respect should be emphasized. For this, a strong 

project management is crucial [Lee, 2002]. 

7.6.2. Implementation Phase 

The implementation phase of the E M Plan consists of various elements as shown i n 

Figure 7.6.2. The elements in the implementation phase ensure that the objectives and 

associated policies and procedures in the planning phase are executed successfully. The 

conceptual shape of the implementation phase is circular, representing the united 

elements required to produce a regenerative workplace. 

A regenerative workplace is an environment that has low stress and high productivity. 

Features of a regenerative workplace are: open communication, ownership of work, 

propensity to take risk, trust, and fun [Hartman, 2000]. A regenerative workplace is 

important to a successful E M Plan, as it can motivate and empower workers to 

proactively participate in environmental actions. 

Fair Contract Administration Team Building 

Communication 
Regenerative 

Workplace 

Rewards and Recognition 

Effective Leadership Training 

Testing, Inspections and Measurement Improvement Committees 

Figure 7.6.2: Elements i n implementation phase. 
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Inspections, Testing, and Measurement 

Description This element includes: inspections of practices, testing of 

building components to ensure compliance, and measurement 

of activities to compare against benchmarks. The systems 

inspected, tested and measured depend on the project's 

environmental policy and objectives. The inspections ensure 

building systems quality (during installation and after 

completion) including: building envelope, and water and 

heating systems, and site environmental initiatives such as: 

hazardous waste management, and recycling system. Testing 

of final systems could include: sound attenuation partitions, 

indoor air quality, and heat transfer through building 

envelope. Measurement of activities could include: amount of 

diverted waste, amount of topsoil reused, amount energy 

saved during construction. 

Rationale The testing, inspection and measurement element is derived 

from a myriad other management processes. Testing and 

inspection is the only way that the quality of building systems 

can be ensured. Measurement is a quantitative check to see if 

environmental objectives set out in the project charter are being 

met. Testing, inspection and measurement allows a company 

to identify weak points in its E M Plan, and to take the 

appropriate corrective actions to improve environmental 

performance [UNEP, 2000]. 

Suggested 
Actions 

A n inspection, testing, measurement plan is prepared before 

construction activities begin, that includes forms and 

qualitative/quantitative measures which link to the 

An Environmental Management Plan for the Construction of Green Buildings 
Chapter 7: Environmental Management Plan 

Page 115 



environmental objectives. The plan is implemented during 

construction. Measurements should be compared to the 

benchmarks obtained during the audit. Periodic reports with 

observations and results are developed, and distributed to 

stakeholders through communication methods. A t the end of 

the project, these reports are analysed and summarized for use 

in future projects. 

This element is performed by the E M Plan Coordinator on an 

ongoing basis, with support from the site staff and 

Construction Manager. Other resources include: building 

inspector, client-designated consultant, architect, engineers, 

and other designers. Measurement can also be enhanced by 

following established guidelines and benchmarks, such as the 

L E E D certification program or C-2000 process design aid 

(described in Chapter 5). 

Communication 

Description Communication is used to discuss environmental aspects of 

the project with all stakeholders. A communication plan 

includes: a pre-start up meeting, weekly meetings, 

communication board, and reporting to stakeholders. 

Rationale Communication is essential for the understanding of 

environmental mission and objectives by all parties. Many 

opportunities are lost due to the lack of effective 

communication between players [Roodman, 1995,11]. 

It should be noted that communication is not one-way. Trades 

should be able to have a channel to communicate back to the 
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Suggested 
Actions 

general contractor. Management must create an environment 

that allows for open, honest comments to be made without fear 

of punishment [Chase, 1992]. Feedback mechanisms are 

shown in the following section. 

A t the construction pre-start up meeting, communicate project 

environmental objectives, plans and procedures. Expectations 

of the subtrades should also be discussed. A t weekly 

meetings, environmental issues should be part of the agenda. 

A s wel l , follow-up to action items should occur. A 

communications board w i l l allow all workers to be privy to the 

environmental plan. Post items such as: successes, challenges, 

and summary from the improvement committees. Reports to 

other stakeholders should occur at venues such as office 

progress meetings and communiqués. 

Training 

Description 

Rationale 

Training is a mechanism to heighten knowledge about the 

environmental initiatives. In the E M Plan, different forms of 

training for the construction manager, site supervisor, office 

and site staff, and trades are important. Components of the 

training element include: mandatory orientation, ongoing 

specific training for supervisors and construction manager, and 

passive training for workers during construction. 

Training raises awareness of environmental mission and 

objectives, and associated environmental initiatives. It is 

suggested, "although the construction industry is the largest 

industry in the world it is probably the least trained" [Snell, 
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1991]. Training is important for an E M Plan to succeed; it 

ensures that everyone associated understands the 

environmental agenda. 

Education is a key element in a successful waste management 

programs, according to the Waste Minimization Specialist at 

Alberta Environment [Whitfield, 2002]. Buy-in for the trades is 

required, as well as comprehensive site signage and 

educational materials. 

It should be noted that training for trades is not widely 

performed by green builders or conventional builders. This 

contradicts the stance of project management theory. In light 

of this, the training for workers is present through passive 

methods, and is therefore a relatively small venture and 

inexpensive. 

Suggested The mandatory orientation could perhaps be coupled wi th the 

safety orientation. It includes: sharing the environmental 

mission statement, objectives and initiatives, and a site tour 

highlighting environmental activities such as waste 

management and hazardous waste storage. 

The specific training for supervisors and construction 

managers includes: attendance at conferences and seminars, 

involvement i n appropriate listserves, and perusal of 

magazines and books. 

Passive training for workers could include: articles on the 

communication board, and access to a library housing green 

building books and magazines. Trainees should not only 

An Environmental Management Plan for the Construction of Green Buildings 
Chapter 7: Environmental Management Plan 

Page 118 



understand the E M programme, but should also learn the 

reasons why it affects them personally. 

Passive training for workers also includes prompts and norm 

appeal, which are principles used in Community-Based Social 

Marketing, introduced in the previous chapter. Prompts are 

reminders (such as decals and signage) that are placed as close 

in time and space to the desired environmental action. N o r m 

appeal is based on the premise that people w i l l tend to 

conform to the normative [McKenzie-Mohr, 1999 and Kassirer, 

1998]. Practices that can achieve norm appeal are: providing 

voluntary training to interested tradespeople in the 

environmental actions, and recording and communicating 

worker's participation. 

Rewards and Recognition 

Description This element includes: rewards (monetary or non-monetary) 

and recognition for trades and staff. Recognition could 

include: small awards to individuals and teams during the 

construction process and peer recognition. Rewards are 

distributed by the contractor for subtrades' overall 

performance. 

Rationale Rewards and recognition is a motivator, which recognizes 

people for their work and heightens morale in the workforce. 

Self-satisfaction that is associated with achievement and 

related rewards/recognition "induces the person who 

experiences it to seek out other goals, other accomplishments, 

and other satisfiers" [Warren, 1989, 221]. Rewards and 
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recognition should be both varied and visible. 

Rewards and recognition are not widely practiced by local 

builders. However, it is found that this program does not take 

much resources to implement, and is proven i n other 

industries to contribute to project success. 

Criteria for the rewards and recognition program should be set 

out prior to the start of construction. A s per the criteria, 

individuals or teams can be recognized / rewarded at team 

building events. Rewards in this manner could include: gift 

certificates, hats, t-shirts, or company ware. 

Peer recognition can be allowed for by asking workers to 

submit 'good work' forms for co-workers and posting them. 

Smaller but effective forms of recognition are: hardhat stickers 

or a recognition listing of names on the communications board 

upon completion of environmental actions. There should be 

numerous recognition and/or rewards given in any particular 

project. 

The recognition / rewards program can be broadened by 

recognizing workers in the local newspaper, or by inviting the 

workers' families to an 'open house' on site that highlights 

accomplishments [Warren, 1989]. 

Larger rewards, such as bonuses for successful performance in 

environmental initiatives, can be stipulated in contractual 

agreements. 
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Team Building 

Description Team building is a mechanism to foster relationships between 

workers and to promote teamwork. Team building can occur 

during the pre-start up meeting, luncheons and informal 

events, and post-construction celebration. 

Rationale 

Suggested 
Actions 

Team building is an element that is suggested i n several 

different project management strategies. In T Q M , lack of 

teamwork was one of the three top problems identified by 

design and construction professionals, caused by a lack of team 

building exercises at the inception of the project [Deffenbaugh, 

1993]. 

Team building recognises the differences between parties 

involved in the construction process and associated varied 

perspectives. Team building uses varied techniques to, at best, 

achieve a common team culture. A t worst, team building 

creates a shared understanding between parties with cultural 

differences [Jergeas, 2002]. 

Team building activities may seem to just be a source of fun. 

However, as Francis Hartman relays, "having fun makes up 

for a lot of other shortcomings in the workplace" [Hartman, 

2000,92]. 

In conjunction with the formal construct of the pre-start 

construction meeting, team building techniques such as 

icebreakers, collaborate goal setting, a luncheon, and after-

meeting gathering could be used to bui ld relationships. 

Throughout the construction process, informal team building 
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events could occur to spark conversation, such as free coffee 

breaks one morning a week, barbeques, and the provision of a 

lunch area. After construction, perhaps in conjunction wi th a 

feedback session, a post-construction celebration can help to 

sustain relationships through to the next project. 

To illustrate how team building could enhance a construction 

project, an example is presented [Wood, 2002]. A local site 

supervisor constructed a garage required by the plans early on 

in construction, and during construction used it as a lunch 

area. The company he works for also periodically provides 

'good-work' luncheons for the trades. 

Later on in the project, a subtrade approached the site 

supervisor and asked h im if he could demonstrate his 

enjoyment of working with the team, by throwing a party for 

the rest of the workers on site. The supervisor agreed and one 

of the subtrade's worker cooked up a maritime meal for all to 

enjoy. 

The site supervisor on this site finds that his subtrades work so 

well together, that sometimes he feels that the site runs itself. 

This exemplifies teamwork at its best. 

Fair Contract Administration 

Description Methods to bui ld on existing contract administration methods 

promote healthy relationships with subtrades, clients, 

designers and consultants. For subtrades, fair contract 

administration can include: pre-tender screening, group 

tender session, contract reading, concise and fair contract 
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clauses, and clear change orders. For other contractual 

agreements, contractors can advocate pre-tender screening, 

teamwork, and non-adversarial terms to allow for 

relationships to grow. 

Rationale Current industry practices are to: have verbal agreements, 

keep poor records, play tricks on or take advantage of other 

players, and have selective memories [Jergeas, 2002]. 

Innovative contract administration can foster relationships 

instead of promoting adversity. This then extends to trust and 

mutual respect that w i l l lead to better performance. 

Environmental initiatives have to be written into tender 

documents in order for them to be successful, according to the 

Waste Minimizat ion Specialist at Alberta Environment 

[Whitfield, 2002]. Not only does the information on the 

program have to be explained, but also the measurement that 

is required to determine the success. 

Suggested A l l environmental initiatives requiring action by the subtrade 

(such as recycling, hazardous waste management, etc.) should 

be written into the contract. Contract clauses should be concise 

as vague writ ing can lead to inconsistencies and adversity. 

A pre-tender screening should occur to ensure that bidders are 

able to adhere to the environmental requirements and be able 

to work in a team environment. A questionnaire asking about 

experience, knowledge and attitude towards environmental 

issues and teamwork is appropriate. A quantitative marking 

scheme should be put i n place to ensure fair evaluation. 
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The subcontractors passing the screen should be invited to a 

trade-specific tender session. This session informs all of the 

bidders about the environmental initiatives in the project and 

ensures that all bidders are privy to the same information. 

When the contract is awarded, a reading of the contract should 

be undertaken with the subtrade to ensure that the contract 

terms are read and agreed upon. In this way, the subtrade 

takes ownership of their part in the E M Plan. During 

construction, change orders should always be detailed and 

concise, and agreed upon by affected parties and documented. 

In this way, expectations are clear in terms of cost and work 

performed. 

In other contractual relationships (client-general contractor), 

pre-tender screening should be advocated. In this way, a 

contractor spending more money to ensure compliance to the 

environmental agenda w i l l not be undercut by a contractor 

that does not understand the implications of the environmental 

project objectives. Although the contractor usually has no 

contractual ties to the designers, an emphasis on teamwork can 

ensure that all parties work together. Finally, the use of non-

adversarial terms in the contract can allow the contractor to be 

open with the client (and which can in turn allow the 

contractor to be fair to their subcontractors). 
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Effective Leadership 

Description The concept of effective leadership suggests that effective 

leaders must be chosen and fostered. This is true for the 

Construction Manager, and supervisors on site. The leaders 

must be competent, and respected by all stakeholders. 

Rationale Effective leadership is essential for well-executed projects. A n 

effective leader w i l l be able to better motivate workers to 

perform environmental initiatives. It is suggested that site 

supervisors currently have two motivations: getting the job 

done on time, and executing the project in under budget 

[Johnston, 2001]. 

To obtain a successful green building, a contracting f i rm needs 

the buy-in from site supervisors and their input. Site 

supervisors need to be educated i n what green buildings are, 

the advantages of products and how to install them, and how 

to obtain the interest of their staff and workers [Johnston, 

2001]. 

Effective leaders [adapted from Chase, 1992]: 

• Provide the vision 

• Empower workers 

• Increase communication 

• Raise environmental awareness and training levels of all 

workers 

• Use interdisciplinary teams to solve problems 
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• Focus on customer satisfaction 

• A p p l y scientific methods to improvement 

Suggested Leaders that use motivation and empowerment techniques 

* ' Ü r i need to be hired over those that use intimidation and fear. 

Ongoing training should be provided to leaders i n the areas of 

management, conflict management, and in leadership skills. 

Leaders must understand the E M Plan completely and 

understand the reasons behind all of its facets. Only then w i l l 

leaders be able to communicate to the trades the importance of 

their actions that support the E M Plan. 

Improvement Committees 

Description Interdisciplinary committees meet regularly during the 

construction process to discuss improvements to specific 

construction processes. Example committees are: building 

envelope committee, site (grounds) committee, waste 

management committee, and finishing committee. 

Rationale Currently, little teamwork is used during construction, which 

can result i n problems when different trades' work interface. 

Improvement committees, used in T Q M , EMS, and MaSC, can 

empower workers to use teamwork to solve problems and to 

collaboratively construct a better product. Improvement 

committees can also eliminate rework i n construction 

[Deffenbaugh, 1993]. 
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Teamwork and the associated team building is essential to the 

E M Plan, because of the inherent interwoven activities of 

separate trades, and the lack of experience in green building. 

Suggested The types of improvement committees are chosen and 

interdisciplinary teams are formed with the appropriate trades. 

For example, the building envelope committee should consist 

of: the siding contractor, the vapour barrier installer, windows 

and doors installer and distributor, roofer, and flashings / 

eavestrough installer. It could be stipulated in the trades' 

contracts that they are expected to belong to at least one 

committee. The committees meet on a regular basis during the 

project process, as appropriate. Adapted from quality 

assurance programs, suggested responsibilities of the 

committees could be [Chase, 1992]: 

• Maintain the momentum of the improvement effort 

• Identify processes that are to be improved by improvement 

teams 

• Make recommendations for allocation of resources to 

selected areas 

• Establish educational methods and policies 

• Establish recognition polices 

• Develop awareness programs 

• Evaluate improvement efforts, including monitoring 

processes, both before and after attempts at improvement 
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7.6.3. Evaluation 

The evaluation phase consists of self-assessment, feedback and reporting, as shown in 

Figure 7.6.3. Unfortunately this phase is usually left out of conventional construction 

projects, because of lack of time, fear of repercussions, and legal implications. 

The triangular construct of this phase indicates that self-assessment and feedback are 

combined and interwoven to obtain the final evaluation that is reported. The triangle is 

horizontal because this is a time to pause and reflect on the project, before moving 

forward into the next phase. 

Feedback 

Reporting 

Self-Assessment 

Figure 7.6.3: Elements in evaluation phase. 

Self-Assessment 

Description Self-assessment is an internal assessment of the environmental 

programme. It is a mechanism that allows data obtained 

during construction to be analysed, and to gain insight from 

interviews with key players in the project. 

Rationale Self-assessment aids in documenting the reasons behind the 

success of the environmental programme. Also, challenges 

and lessons learnt are uncovered for future projects. This is 

important for the E M Plan to be able to grow, and to be able to 

apply corrective action to the parts of the programme that are 

not effective. 
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A self-assessment should include: analysing data obtained 

from testing, inspection and measurements during 

construction. This data should be compared to benchmark 

data obtained in the audit. 

Interviews with major players in the project are also key i n a 

self-assessment. Interviewees can include: the construction 

manager, site supervisor, field staff, project manager, and 

executives. The topics discussed in the interviews should 

include indicators of success and challenges in the E M Plan 

elements during the planning and implementation phases. 

The self-assessment analysis should be summarized in a report 

that highlights the main points. 

Feedback Mechanisms 

Description Feedback is a mechanism to receive feedback from 

stakeholders, including: trades, staff, designers, clients, 

building operators and occupants. Feedback can appear i n the 

form of: ongoing meetings, suggestion box, end-of-project 

feedback session, surveys, and focus meetings. 

Rationale The feedback component can ascertain if the project is 

successful. It can also give stakeholders who are not part of 

the decision-making team a chance to comment. Feedback also 

allows for continual improvement. This replaces the 

conventional thinking in which usually 'no news is good news' 

when it comes to feedback from clients [Chase, 1992}. 

Suggested 
Actions 
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Suggested A t weekly site meetings, an agenda item should be added to 

Actions allow trades and staff to raise concerns and comments. A 

suggestion box can be accommodated on site and i n the office 

for suggestions and comments. These can be signed or 

anonymous. A t the end of the project, a feedback session 

should occur with representation from the trades (can be 

combined with a celebration event). 

Finally the building operators, occupants and clients should be 

asked for feedback through surveys, interviews and/or focus 

meetings. This feedback should continue long after the 

occupants first occupy the facility [Chase, 1992]. A l l feedback 

should be collected and combined into a final report that can 

be used when planning and implementing further projects. 

It should be noted that many times, suggestions do not lead to 

action. Therefore, there should be a procedure for taking 

action on suggestions [Chase, 1992]. 

Reporting 

Description Reporting communicates the findings of the self-assessment 

and feedback to the stakeholders. This includes the successes 

of the E M Plan and the challenges incurred. Potential solutions 

or mitigation methods should be included in the reporting. 

Rationale Reporting is important to be up front with stakeholders. This 

is why both the successes and the challenges of the E M Plan 

should be communicated. The honesty that the contracting 

firm displays in turn leads to trust between stakeholders and 
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fosters relationships. 

Suggested Data from self-assessment and feedback mechanisms should be 

Actions cross-referenced and a series of reports should be written. The 

length and scope of the reports should be appropriate to the 

stakeholder level of involvement. A n internal report w i l l be 

quite lengthy and complete with explanations, whereas a 

report for the community may be a summary of key points. 

7.6.4. Continual Improvement Phase 

The continual improvement phase, shown in Figure 7.6.4., is essential for the E M Plan 

to grow and evolve. The elements mentioned here are suggested beginnings for 

continual improvement, but should not be treated as an exhaustive list. A s the E M 

grows, opportunities w i l l arise which can be incorporated. The continual improvement 

phase is shown as a spiral, as growth is expected, with no limit. 

Implement Company Wide 

Partnering 

Figure 7.6.4: Elements i n continual improvement phase. 

Build on Objectives, Policies and Procedures 

Description A s the environmental programme becomes more mainstream 

within an organization, objectives, policies and procedures are 

expanded to include higher expectations. 
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Rationale Building on objectives, policies and procedures furthers the 

E M Plan. By participating in this mechanism, contractor 

organizations can strive to be outstanding in their field. 

Eventually, green building certification can be sought, 

environmental awards can be won, and the project participants 

can feel proud of their accomplishments. 

Many green builders today strive for certification to quantify 

their accomplishments. The most popular international 

certification is L E E D , described in Chapter 5. 

Suggested 
Actions 

There is no limit on how environmentally friendly a project can 

be. In planning for the next project, include objectives that 

reach a higher level of environmental protection and 

regeneration than previous objectives. Future objectives could 

include: 

• Use of renewable energy. 

• Storing grey water for reuse. 

• Zero waste target. 

• Significantly reduce air pollution. 

• Involve future occupants or community in a part of the 

construction process. Mountain Equipment Co-op, for 

example, invited staff members to raise a strawbale wall 

during the construction of their Ottawa store. 
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• Obtaining a green building certification. 

It follows that the policies and procedures w i l l also evolve to 

accommodate these new objectives. 

Mentoring Program 

Description A mentoring program is an interactive training technique to 

help newer workers understand the E M Plan. The E M 

Coordinator should match up mentoring partners, make 

allowances for informal meetings, and providing topic 

suggestions. 

Rationale Mentoring is a good complement to the training program, and 

furthers the knowledge of individuals. It also is a form of 

norm appeal, which encourages more workers to participate i n 

environmental activities. Mentoring, in turn, can make the E M 

Plan more successful. 

In a mentoring program, a tradesperson or staff member that 

has not had exposure to green practices is matched to one that 

has previous experience. Also, trades should be encouraged to 

match up mentoring partners within their organization. 

Informal meetings should be allowed for by setting up a 

meeting area (such as a lunch area). Topic suggestions are 

appropriate to spark conversation at the beginning of the 

relationship. These topics can be the elements of the E M Plan 

that has been set out. 

Suggested 
Actions 
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Implement Company-Wide 

Description Another continual improvement element documented here is 

the implementation of a company wide EMS. The E M S would 

include: policy and procedures, implementation, evaluation 

and continual improvement. 

Rationale 

Suggested 
Actions 

A n E M S shows clients, employees and other stakeholders the 

organization's dedication to environmental practices. This can 

reassure financial institutions with respect to risk and 

investment and can give the company a good image and 

reputation. E M S also ensures conformance to environmental 

regulations, and ensures that the company is acting proactively 

to environmental situations [UNEP, 2000]. 

In an EMS, the elements of the E M Plan are implemented 

company wide. This requires a culture change on all levels. 

A l l company functions must be scrutinized and aligned to the 

E M Plan, including both business and office practices. There 

are many guides available to aid a contractor in fully 

developing an EMS. 

The company can also consider obtaining certification (like ISO 

14001) to formalize their commitment. 

Partnering 

Description Partnering is a structured management approach to 

teamworking across contractual boundaries[CBPP, 1998]. 

Potential partners can include: subcontractors, clients, 

designers and consultants. Partnering consists of: mutual 
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objectives, conflict resolution techniques and continuous 

measurable improvements [CBPP, 1998]. 

Rationale Partnering improves teamwork ability and establishes working 

relationships between different parties. This leads to better 

efficiency in producing a better product, and the development 

of trust. Partnering can greatly enhance an E M Plan, as the 

trades have the same environmental objectives as the general 

contractor, and therefore their workers are more empowered to 

abide by the associated policies and procedures. 

Green builders recognize partnering as a key mechanism to 

successful green building projects. One green builder believes 

that it would be very difficult to undertake a L E E D certified 

project without collaboration between the owner, architect, and 

contractor. Another green builder relayed that his most 

successful project was one in which the building inspector, 

architect, owner, contractor, and consultant, who were all 

members of a green building guild, worked together to 

successfully bui ld a precedent setting straw bale house. 

Suggested Mutual objectives are agreed upon at the beginning of the 

Actions project and reviewed on an ongoing basis. Conflict resolution 

techniques are devised that promote good working 

relationships between parties and w i n - w i n situations. 

Continuous improvement measurements that aim for best 

practices are agreed upon and measured throughout the 

project. 
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7.7. ChapterSummary 

In this chapter, the E M Plan was presented. This programme was based on principles 

gained from the information gathered in the previous chapters. It consisted of 

overlapping issues and strategies of the environment, management, and construction 

sectors. 

The E M Plan has four phases: planning, implementation, evaluation, and continual 

improvement. These phases in turn each have several elements that are integral to the 

success of the E M Plan. The planning phase consists of: audit, environment charter, 

risk management, guidelines and procedures, and constructability analysis. The 

implementation phase includes the elements: fair contract administration, 

communication, effective leadership, testing, inspections and measurement, team 

building, rewards and recognition, training, and improvement committees. It is 

thought that these elements make up a regenerative workplace, in which workers are 

empowered proactively participate i n environmental actions. 

The third phase, evaluation, includes the elements: feedback, self-assessment and 

reporting. Finally, the elements suggested in the continual improvement phase are: 

building on objectives, policies and procedures, mentoring program, implementing 

company-wide, and partnering. 
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8.1. MDP Conclusions 

Chapter 8: Conclusions 

The purpose of this M D P was to provide an environmental management plan that 

could be used by a construction manager i n the construction of green buildings. This 

plan was deemed necessary i n order for the construction phase to occur without 

incurring damage to the environment and to accommodate the green design initiatives 

conceived in the earlier phases of the project. Green buildings were defined as 

buildings that are planned, designed, constructed and operated with the environment 

in mind. 

It was determined early on in the project that there was fragmented information 

available on the environmental issues that occur within the construction phase of a 

bui lding project, and very few references to associated management strategy. A r m e d 

with this information, the researcher believed that to create a workable management 

plan, theoretical and current practical measures relating to the areas of environment 

and building, environment and management, and management and building, needed to 

be gathered. To this end, a literature review, conference attendance, surveys and 

interviews were performed. 

In the literature review, green building certification programs and guidelines were 

employed to identify environmental issues in building construction. Then current 

conventional building practices were documented, along with barrier to and drivers for 

change. Management strategies stemming from dynamic project management, 

environmental management, and green building management were documented. Case 

studies and further in-depth information on subjects pertaining to green building 

construction and management techniques were gathered at conferences. 

A series of surveys were then performed, to capture 'a snapshot in time'. A survey to 

green builders aided i n prioritizing the environmental initiatives i n green building 
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construction, and the associated management strategies used to achieve the 

environmental requirements. A second survey to conventional builders aided in setting 

a benchmark i n determining which environmental initiatives are normally performed in 

building construction, and determining the current general management strategies used 

in construction projects. Interviews with experts in the building industry served to 

clarify the role of the environmental initiatives in building construction. 

The findings from the literature review, conferences, surveys and interviews were 

collated and analysed using quantitative and qualitative measures. It is i n this phase of 

the project that the researcher used her judgement in reviewing, comparing, and 

prioritizing the information gained. This analysis culminated in an organization of the 

research into a coherent, complete E M Plan for green building construction. 

The E M Plan was based on a framework of the overlapping issues and strategies of the 

environment, management, and construction sectors. It had four phases: planning, 

implementation, evaluation, and continual improvement. The phases then each had 

several elements that, when used in concert, w i l l result in a successful E M Plan. 

The analysis phase also brought into focus the chief findings of the M D P . These chief 

findings were developed during the integration of the research materials, and are 

intended by the researcher to complement the E M Plan. Recommendations for further 

research were conceived out of the gaps found in the researched body of knowledge. It 

was desired that these recommendations bui ld further on the researcher's work in this 

M D P . The next steps resulted from analysis of the findings from the survey, and are felt 

instrumental to the widespread adoption of green building construction. 
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8.2. Chief Findings in MDP 

The chief findings in this M D P were as follows: 

1. Priorities for environmental actions will differ for each green building project. 

These actions can depend on: the physical site, client wishes, public pressure, 

financial institution's wants, and abilities and strengths of the construction 

company. That said, there are some actions that are top priority for many 

construction projects. These are (in order): 

• Mitigating the direct effects of their actions to the local environment 

(usually required by regional regulations) 

• Quality control to ensure the correct operation of building systems as 

designed 

• Natural resource conservation (in terms of building materials only) 

• Protection of workers, community, and future occupants 

2. In conventional building, relatively few environmental actions are performed. 

Environmental actions are usually contained to: regulated activities, such as 

pollution control, ensuring correct operation of building systems, and 

occupational health issues, and retaining topsoil for reuse. 

3. Green building is an emerging trend in western Canada. There are several 

initiatives in British Columbia surrounding green building, and a few green 

buildings being constructed in the Calgary area. However, green building is 

much more prevalent in the United States. Experts within the green building 

field predict that green building w i l l become the norm in the near future (10 

years or so). This is important because although the adoption of the E M Plan 

may seem premature i n Calgary, it would give a construction company headway 

into this emerging market. 
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4. Green b u i l d i n g construction does not cost more than conventional 

construction, contrary to popular belief. Many of the environmental 

management strategies are extensions of techniques used in 'good' project 

management, which i n itself is widely documented to lower construction costs 

by increasing the project progress efficiency and the project team's productivity. 

A s well , by having the experience in implementing a E M Plan in place, the 

contractor w i l l be better able to participate in the green building market, which is 

to their advantage. Also, in many cases, undertaking environmental initiatives 

can actually lower costs. Examples of potential cost savings are: utility savings 

from employing energy and water efficiency on site, risk mitigation by using a 

environmental risk management plan, and lower waste removal costs due to 

recycling and reusing of building materials. 

5. There must be an attitudinal or 'paradigm shift i n th ink ing ' i n order for the 

E M Plan to be successful. It was determined that to have a successful E M Plan, 

there must be an attitudinal or 'paradigm shift in thinking' within i n the 

organization implementing the plan, the workforce, and the rest of the key 

players in the project. This shift is necessary for the E M Plan to be taken 

seriously, and accordingly, for the environmental programme to become 

inherent in overall and day-to-day activities. 

6. When applied to the environmental issues, management strategies adopted 

from environmental management processes and project management 

techniques can be ut i l ized to form an E M Plan. This finding suggests that the 

methodology used in this M D P can be applied to many other industries. It is felt 

that this finding is important for the continual development of body of 

knowledge for project management. 
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8.3. Suggestions for Further Research and Next Steps 

Further research w i l l make it easier for construction companies to implement and 

develop environmental management for their projects. Suggestions for further 

research include: 

• Prepare and publish case studies based on the implementation of the E M Plan in the 

building construction industry 

• Integrate the E M Plan into a plan for sustainable building construction (consider the 

environment, society and economy in concert) 

• Develop E M Plans for the other key players in building construction projects, such 

as: subtrades, suppliers, client firms, developers, architects, engineers, consultants, 

communities, and financial institutions 

It was found that many builders participate in green building construction because of 

interest. Therefore, it is thought that it is important to recognize the next steps for 

contractors in the green building field to further this trend. Next steps include: 

• Educate architects, engineers, developers, clients, subtrades, and the general public 

on the merits of green building design and construction 

• Encourage the government to set up environmental building programs (including 

incentive, certification, or mandatory programs) that w i l l serve to quicken the pace 

of the movement towards green building construction 

• Set up a guild with other building professionals to further the concept of green 

building in the community. Ideas for guild activities include: ongoing conversation 

through a listserve, seminars and workshops, community building projects, a green 

building directory, and networking events 

• Support associated companies in setting up their own E M Plan 
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Appendix A: Detailed Survey Results 

Survey Findings - First Group: Green Building Professionals 

This survey was conducted online (via an electronic form on the Internet). The intention was to survey a 

wide range of building professionals. The survey was distributed through two listserves: Big Green 

Construction Group', and EcoDesign Resource Society Listserve", as well as by directed e-mails to green 

building practitioners found through Internet searches and personal contacts. The total number of 

participants was 31. Following are the survey results. 

Question 1 : What is your profession? 

Many survey participants practiced in more than one occupation. The 'other' occupations included: 
specification writer, catalogue editor, distributor, project coordinator, and student. 

Occupation No. of 
Practitioners 

Architect I Designer 15 

Construction Manager 8 

Developer 1 

Engineering Consultant 2 

General Contractor 12 

Green Consultant 11 

Project Manager 8 

Other 6 

Question 2: In which country or countries do you practice? 

Through Internet searches, it was determined that there is significantly more organization around green 

building in the United States versus Canada. As a result, most of the survey participants (84%) practice 

in the United States. All of the participants in Canada are from the western provinces as no green 

builders could be found via Internet searches in the central and eastern provinces. Some participants 

practiced in more than one country. 

Country of Practice No. of 
Practitioners 

Canada 8 

United States 26 

Other 2 
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Question 3: How long have you been involved in building construction? and 

Question 4: How long have you been involved in 'green' building construction projects? 

Most of the respondents had 11+ years of experience in building construction (84%), and more than 3 

years experience in green building construction. 
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Question 5: What types of buildings are you involved with? 

There was a good representation of the building industry by building type in this survey. Most of the 

participants worked on commercial building projects as well as other types of building projects. Other 

project types included: public buildings, healthcare facilities, and airfield and military. 

Building Type No. of 
Practitioners 

Single Family Residential 16 

Multi-Family Residential 15 

Commercial 26 

Institutional 19 

Industrial 8 

Other 3 
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Question 6: How do you perceive your level of understanding of green building construction? 

Most participants felt that they had an excellent (35%) or good (45%) level of understanding of green 

building construction. 

Question 7: Please rate the frequency of the following environmental strategies for your 'green' 
building construction projects, and, if applicable, the extent of use of the environment initiative 
compared to your regular construction projects. 

Some participants did not answer all questions; therefore, the number of participants reflected in the 

results may not add up to the total amount of respondents. 

The graphs in the following sub-sections show the extent to which the environmental initiatives described 

above are performed. Note that the total participation in this case refers to the total number of 

participants that engage in the activity seldom to always. 

a. Materials and Resources 

In this category, most builders place stress on reducing waste generation and setting up a waste and 

recycling collection system. This is probably because as landfill costs rise, recycling and salvaging 

becomes more attractive. Procurement of locally sourced, recycled and reused materials is sometimes to 

often performed in building projects. One participant remarks that they have received lower bids from 

sub-contractors by allowing them to use recycled material. Building deconstruction is not performed as 

much just because of the lack of need (either the existing structures on the site have been previously 

demolished/deconstructed or there are no existing structures). 
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When builders do perform deconstruction, the waste diversion is usually 50% or less. Waste reduced or 

diverted during construction is on average higher than the deconstruction rate, at 62%. Some 

participants feel the diversion rates are limited by the lack of recycling and salvaging markets. The locally 

sourced, recycled, and reused material procured for a project predominantly varies between 0 to 75% of 

the total materials procured. 

• Waste diverted during 
deconstruction 
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material procured 

• Waste reduced or 
diverted during 
construction 
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b. Site 

Minimizing soil compaction is not always performed in building projects. More often, but not always, 

vegetation is protected. The reason in part for this lack of minimizing impact to the local ecology is due to 

brownfield development (sites that have been previously developed). 

67% of respondents retain topsoil for reuse often or always on their building sites. As well, almost all 

respondents (93%) usually minimize pollution to land. It should be noted that a few participants 

commented that site protection is mandatory under local regulations. 

Environmental Strategy 

One respondent relayed that it was difficult to estimate the amount of topsoil reused and vegetation 

protected or retained as most of his sites were "tight downtown sites where there is minimal landscaping 

and soil to begin with". Collectively, it was shown that many respondents (39%) feel they reuse 76 to 100 

% of their topsoil. As well, 37% of respondents feel they protect or retain 26 to 50% of the vegetation. 
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c. Water 

As for the previous section, it was pointed out that many of the water protection initiatives presented here 

are under regulatory control. This could account for the high percentage of respondents who participate 

in controlling erosion and sediment, and minimizing pollution to water systems and wastewater. A large 

majority of practitioners often to always ensure correct operation of water systems, which is probably due 

to building code compliance and quality assurance. Least performed in this section is the practice of 

water efficiency (mean falls under sometimes to often). 

i-times 

Environmental Strategy 
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When water efficiency is practiced in building construction, the majority of participants (69%) save under 

V4 of the total amount of water used. Another 22% of participants feel they save 26 to 50% water by using 

efficiency measures. 
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d. Energy 

As with the water issues, most practitioners maintain the building envelope integrity and ensure correct 

operation of energy systems, probably because of building codes and quality assurance. Again, as with 

water efficiency, less practitioners practice energy efficiency during construction. One respondent 

suggests that "the gains in energy, water and machinery efficiency during the construction period are so 

minimal compared to the efficiency gained by the building that we do not expend much effort on these 

items." 
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Environmental Strategy 

The 90% of respondents that do practice energy efficiency in construction mostly save O to 25% energy. 

Another 21% of these respondents save 26-50% energy on projects. 

• Energy saved during 
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e. Air Quality 

The majority of respondents (82%) often or always maintain building envelope integrity for indoor air 

quality purposes. Another 80% protects often or always protect workers from exposure to health risks. 

This may be to meet regulation requirements, and it is unclear whether green builders do anything extra 

to protect their workers on jobsites. Air quality strategies that are not as widely practiced in green 

building construction are: maintaining indoor air quality during construction, procuring materials with low 

offgassing potential, and minimizing air pollution during construction. 
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Environmental Strategy 

87% of the respondents relayed that they have procured materials with low offgassing potential at least 

sometimes in their building projects. According to the survey results, 31% of the respondents usually 

procure more than 3A of their materials with low offgassing potential. Another 55% of respondents 

procure ¼ to % of their materials with low offgassing potential. It is interesting to note then that although 

a large portion of materials seem to be procured with low offgassing potential, the survey indicates that 

indoor air quality is not always maintained during construction, which could lead to contamination of these 

special materials. 
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f. Acoustics 

As with other quality issues, ensuring the integrity of sound attenuation partitions is often or always 

practiced by most practitioners (71%). The majority of the respondents (64%) minimize noise effects on 

the community. Protecting workers from noise is less widely practiced by respondents. 
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Most Widely Practiced Environmental Strategies 

The most widely practiced environmental strategies in green building construction included (average of 

often to always practiced): 

1. Control erosion and sediment 

2. Minimize pollution to land 

3. Ensure correct operation of energy systems (as designed) 

4. Minimize pollution to water systems/waste water 

5. Maintain building envelope integrity for air quality 

6. Ensure correct operation of water systems (as designed) 

7. Protect workers from exposure to health risks 

8. Reduce waste generation and use waste and recycling collection system (25 to 50% 
materials diverted) 

9. Retain topsoil (and average of between 25 and 75% of topsoil was retained) 

10. Procure materials with low off-gassing potential (25 to 75% procured) 
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Least Practiced Environmental Strategies 

The least practiced environmental strategies in green building construction included (average of seldom 

to sometimes practiced): 

1. Maintain building envelope integrity for energy efficiency 

2. Minimize soil compaction 

3. Accommodate building deconstruction (average of 11 to 50% of waste diverted) 

4. Minimize air pollution during construction (i.e., use low-emission machinery) 

Note that many participants normally build on brownfields (areas which have been previously developed), 

so minimizing soil compaction was not an issue. Also, many participants did not demolish or deconstruct 

buildings as part of the building process. 

Question 8: Please rate the effectiveness of the following construction management practices for 
'green' building projects. 

a. Overall Construction Management 

The most effective practices here were: setting 'green' goals and priorities, front end planning for green 

aspects of the project, and obtaining commitment of upper management on environmental initiatives. 

Though deemed effective, practitioners did not place as much value in risk management planning for 

green aspects and putting green procurement procedures in place. 
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• Effective 
S Some-what Effective 
• In-Effective 
HVery In-Effective 

Management Strategy 
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b. Contract Administration 

Innovative contracting strategy (e.g. design-build, partnering) was deemed very effective by 38% of the 

respondents. The majority of participants felt that detailed contract specifications for the green aspects of 

the project were effective. Less participants felt that a cost allocation for the green building programme 

was effective as a construction management strategy. 
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Management Strategy 

c. Technical 

Constructability analysis or construction personnel involved in the design phase, quality control plan, and 

detailed commissioning plan were deemed effective management strategies for green building 

construction. Less practitioners deemed quality improvement interdisciplinary teams during construction. 
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d. Leadership 

Good leadership qualities in the field supervisors and construction manager were deemed to be very 

important in green building projects. 
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e. Training 

On the whole, training on green aspects of the project was not thought by respondents to be as effective 

as other management strategies. With that in mind, the most effective training practices were general 

and skills training for the construction manager and field supervisors. Less effective were training for 

trades and staff, and the introduction of a mentoring program. One respondent suggested that "for 

smaller projects it is impractical to have special training for trades. Developing some sensitivity to the 

issues is on the other hand a given and absolutely necessary." 
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f. Labour Relations 

More practitioners deemed recognition and rewards (monetary or non-monetary) to be very effective in 

green building construction projects. The trend of the results suggested that communication and 

meetings plan, teamwork, healthy work environment were effective management techniques. The 

remainder of labour relations strategies suggested in the survey, namely, employee I trade involvement in 

decisionmaking, conflict avoidance I resolution techniques used, and feedback mechanism for trades, 

staff, client, etc., were not as widely thought of as effective. 

Note that participation in the survey dropped significantly for this part of the survey. An average of 24 

respondents (out of the total 31 ) participated. 
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Management Strategy 

Most Effective Management Practices 

The most effective construction management practices for green building projects included: 

1. Front-end planning for the 'green' aspects of the project 

2. Commitment of upper management on environmental initiatives 

3. Good leadership qualities in field supervisors 

4. Good leadership qualities in construction manager 

5. Setting 'green' goals and priorities for the project 

6. Quality control plan (procedures, inspections, testing) 

7. Rewards (monetary or non-monetary) 
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8. Recognition (i.e. trades luncheon) 

9. General training on 'green' buildings for construction manager and field supervisors 

10. Skills training on specific 'green' building aspects for construction manager and field supervisors 

11. Innovative contracting strategy (e.g. design-build, partnering) 

12. Detailed contract specifications for 'green' aspects of project 

The Least Effective Management Practices 
The construction management practices deemed least effective for green building projects included: 

1. Risk management planning for the 'green' aspects of the project 

2. Detailed 'green' product procurement procedures in place 

3. Cost allocation for 'green' building construction program 

Question 9: How do you keep abreast of 'green' building technologies and news? 

87% of the respondents participated in seminars and courses to keep abreast of green building 

technologies and news. This supports the finding that the most effective construction management 

strategy is general and specific training for the construction manager and the field supervisors. 

Magazines, websites, and newsgroups/listserves were the next popular sources of green building 

technologies. Other sources of information include: conferences, peer groups, industry organizations, 

and government researchers 
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Question 10: Please comment on the potential of 'green' building construction in the future? 

All respondents were optimistic about the future potential of green building construction. Prevalent 

themes included: 

• Green building will be "mandatory through governmental regulation" 

• "... clients will demand it" 

• "All construction will be done with some level of 'green' in the future" 

• "...within 10 years, green building will be a standard" 

• "Industry leaders better be familiar with various green building techniques and technologies or be left 

behind" 

• "Can't live without it!" 

• 'There is no potential per se, it is only our recognition of the realities and to stop being in denial about 

it..." 

• "It will become more cost effective in the future". 

The participants suggested the following conditions and cautions: 

• "We've got to do better at learning and disseminating what we've learned. We've got to change 
mindsets." 

• "Will take some time to attain a meaningful critical mass" 

• "Must be mandated by the design." 

• "The construction industry is top heavy with profit motive as a bottom line. As long as it is less costly 

to construct or design [conventional buildings], that is how the majority of projects will be built." 

• Green building construction "needs to proceed pragmatically. Good construction practices need 

minor changes to start becoming green." 

• Green building must be "...tied with reduction in not only job costs but societal costs as well". 

• "There is a fair amount of resistance to change in the [construction] industry, and it will take a lot of 

proven examples to turn that around". 
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Question 11 : What is the chief reason for your involvement in 'green' building construction? 

Most participants were involved in green building because of personal interest (81%) or good business 

(68%). One of the least popular reasons for involvement was to meet regulations (13%). 

0 5 10 15 20 25 30 

Number of Participants 

General Comments 

Comments expressed by participants that are not reflected elsewhere in these survey results included: 

• "Green does not have to cost more if planned for during pre-construction and incorporates 

construction managers who are not afraid of it." 

• 'These [management] strategies working [out] depend on the willingness of the individual to learn or 

want to learn green building, especially in the upper and middle management levels." 

• "As a Construction Manager for the past 12 years who has spent most of his time in the field, I have 

not seen a lot of green practices in place." 

• "Green construction systems are designed into the project, but often the designer has no control of 

construction processes unless mandated by the owner or authorities." 

• "Most of the [management strategies] ...are all foundations of quality project management. Taken out 

of context they are all effective. Unfortunately (realistically) you can't do them all - the challenges are 

priorities and trade-offs". 

• "Green building starts with hiring the right people, as the saying goes you can't teach an old dog new 
tricks. If the builders and trades are not interested in the building program you've hired the wrong 
contractor." 
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• "Seen in action these [management strategies] work. Our architectural practice applies these same 

strategies to design and construction drawings as well as contract administration. 

Differences in Surveys Completed by Participants Directly Involved in Construction Only 

It was important to determine if the surveys completed by participants directly involved in construction 

was different then the surveys completed by other players in the green building industry. Therefore, two 

different sub-groups were analysed: 

• Sub-Group One: Construction Managers and General Contractors 

• Sub-Group Two: Architects/Designers, Project Managers, Engineering Consultants, Green 

Consultants, Developers, and other occupations 

Note that if a participant had an overlap of occupation (i.e., practiced an occupation in both sub-groups), 

their results were counted within Sub-Group One only. The following table shows the number of 

practitioners in each sub-group. 

Sub-Group No. of 
Practitioners 

Sub-Group One 14 

Sub-Group Two 17 

Environmental Strategies 

• The respondents in Sub-Group Two were generally more optimistic about the extent to which 

environmental strategies were being performed, especially procurement of special materials (low 

offgassing potential and locally sourced, recycled, or reused), and the average amount of topsoil 

reused and vegetation protected or retained. In the case of procurement, it may be the case that 

contractors do not always know that a specified material has special qualities. 

• The respondents in Sub-Group Two were more pessimistic than the respondents in Sub-Group One 

regarding the minimization of pollution to the land and water systems, and control of sediment and 

erosion during construction. 

• More practitioners in Sub-Group One believed that they used water and energy efficiency measures 

during construction than the practitioners in Sub-Group Two. 

• More practitioners in Sub-Group One believed that they minimized noise effects on the community 

and protected workers from exposure to health risks than the practitioners in Sub-Group One. 
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Management Strategies 

• The participants in Sub-Group Two believed that all forms of training presented (general and skills 

training for construction manager, field supervisors, staff and trades, were more effective as 

management strategies than the participants in Sub-Group One. 

• The respondents in Sub-Group Two believed that a quality control plan, the use of quality 

improvement teams, and priority on teamwork were more effective than the participants in Sub-Group 

One. 

• The participants in Sub-Group Two warranted green product procurement procedures more effective 

than the participants in Sub-Group One. 

• The respondents in Sub-Group One thought that an innovative contracting strategy and a 

constructability analysis or construction personnel involved in the design phase were more effective 

management strategies than Sub-Group Two. 

• Sub-Group Two felt that rewards were a more effective management strategy than Sub-Group One. 
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Survey Findings - Second Group: Local Building Professionals 

This survey was conducted online (via an electronic form on the Internet). The second group was 

intended to be smaller and have local context, and was therefore was distributed through directed e-mails 

to practitioners in the local area (Calgary, Alberta, Canada). Fourteen professionals were asked to 

participate in the survey. The total number of respondents was 5. Following are the survey results. 

Question 1 : What is your profession? 

Only construction managers and general contractors were approached for this survey. One participant 
was both a developer and construction manager. 

Occupation No. of 
Practitioners 

Architect I Designer 0 

Construction Manager 4 

Developer 1 

Engineering Consultant 0 

General Contractor 1 

Building Consultant 0 

Project Manager 0 

Other 0 

Question 2: In which country and provinces do you practice? 

Most participants practiced exclusively in Alberta. One participant also practiced in the provinces of 

Ontario and Quebec. 

Question 3: How long have you been involved in building construction? 

Most of the respondents had 11+ years of experience in building construction (80%). 

Question 4: What types of buildings are you involved with? 
There was a good representation of the building industry by building type in this survey. 
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Building Type No. of 
Practitioners 

Single Family Residential 3 

Multi-Family Residential 3 

Commercial 4 

Institutional 4 

Industrial 4 

Other 1 

Question 5: How do you perceive your level of understanding of building construction? and 
Question 6: How do you perceive your level of understanding of the environmental aspects of 
building construction? (e.g. waste reduction and recycling, air pollution, energy efficiency, 
sedimentation in stormwater runoff) 

Most participants felt that they had an excellent (80%) level of understanding of building construction and 

a good (60%) level of understanding of the environmental aspects of building construction. 

S Understanding of 
Environmental Aspects 

• Understanding of Building 
Construction 

0 1 2 3 4 5 

Number of Participants 

Questions 7 to 12: Rate the frequency of the following environmental strategies for your building 
construction projects, and, if applicable, the extent of use of the environmental initiative. 

Some participants did not answer all questions; therefore, the number of participants reflected in the 

results may not add up to the total amount of respondents. 

The graphs in the following sub-sections show the extent to which the environmental initiatives described 

above are performed. Note that the total participation in this case refers to the total number of 

participants who engage in the activity seldom to always. 
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Q7. Materials and Resources 

Most builders sometimes or often reduced waste generation and set up a waste and recycling collection 

system on their building project. Procurement of locally sourced, recycled and reused materials is 

sometimes performed in building projects. One participant remarks that "product procurements are based 

on specifications produced by architects and engineers who almost never allow for the re-use of 

materials." Building deconstruction is sometimes to often performed by the majority of local building 

constructers. 
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Environmental Strategy 

The waste diversion rate in deconstruction is 50% or less. Waste reduced or diverted during construction 

is on average 44%. Locally sourced, recycled, and reused material procured for a project varies between 

0 to 50% of the total materials procured. 

• Waste diverted during 
deconstruction 

H Locally sourced, 
recycled, and reused 
material procured 

BWaste reduced or 
diverted during 
construction 
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Q8. Site 

Minimizing soil compaction is never to sometimes performed in building projects, depending on the 

construction company. However, one participant suggests that "in general, contractors will try to limit 

access to grounds of vehicular traffic and general lay down areas to try and limit the disturbance to the 

surrounding property." Vegetation is only sometimes protected or retained on projects. The low amount 

of respondents that participate in this activity could be due to brownfield development (sites that have 

been previously developed) or the contract specifications. 

All of respondents often retain topsoil. As well, almost all respondents (80%) often to always minimize 

pollution to land. 

3 CS 
CQ c 
"ft " 

4-» * - « 
C CS 
CD •C 
o *-
1_ 
CD 

CL 

• Always 
B Often 
• Some-times 
• Seldom 
• Never 

Environmental Strategy 

The amount of topsoil reused by local builders range from 26 to 100%. When respondents do protect or 

retain vegetation on their construction sites, they feel only 0 to 25% on averages is protected or retained. 
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B Amount of topsoil reused 

I Amount of vegetation 
protected or retained 

0 20 40 60 80 100 

Percentage of Participants 

Q9. Water 

The most performed strategies under water are: ensuring correct operation of water systems and 

minimizing pollution to water systems I waste water. These actions are probably due to building code 

compliance and quality assurance. Most of the respondents sometimes or often control erosion and 

sediment on their construction sites. Least performed in this section is the practice of water efficiency 

(mean falls under seldom to sometimes). Another environmental initiative suggested by a participant was 

the use of permanent building plumbing systems for temporary purposes. 
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When water efficiency is practiced in building construction, the majority of participants (67%) save under 

1/10 of the total amount of water used. Note that only 3 out of the 5 participants responded to this 

question. 
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Q10. Energy 

All respondents often to always maintain the building envelope integrity and ensure correct operation of 

energy systems, probably because of building codes and quality assurance. Less practitioners practice 

energy efficiency consistently. As with the plumbing systems, one participant suggested the use of 

permanent building heating systems for temporary purposes. 
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Respondents save anywhere from 0 to 50% energy on construction projects with energy efficiency 

methods. 
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As with maintaining building envelope integrity for energy, the envelope integrity is also maintained for 

indoor air quality purposes. All respondents often or always protect workers from exposure to health 

risks, probably due to meeting regulation requirements. Varied responses were found for the strategy of 

maintaining indoor air quality during construction (from seldom to always). Perhaps there was a 

miscommunication on the intent of the question. In any case, the respondents do not typically use 

materials with low offgassing potential, and so the interior of their buildings will be compromised in terms 

of indoor air quality. 

Strategies that are not as widely practiced are: procuring materials with low offgassing potential, and 

minimizing air pollution during construction. 
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Environmental Strategy 

When respondents do procure materials with low offgasing potential, only O to 10% materials are 
procured in this manner. 

Q12. Acoustics 

Protecting workers from noise is often practiced by most respondents, probably due to Occupational 

Health and Safety regulations. Most practitioners (60%) ensure the integrity of sound attenuation 

partitions. Minimizing noise effects on the community is less widely practiced by respondents. 
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Most Widely Practiced Environmental Strategies 

The most widely practiced environmental strategies in green building construction included (average of 

often to always practiced): 

1. Ensure correct operation of energy systems (as designed) 

2. Maintain building envelope integrity for energy efficiency and indoor air quality 

3. Protect workers from exposure to health risks 

4. Ensure correct operation of water systems (as designed) 

5. Retain topsoil (and average of between 50 and 75% of topsoil was retained) 

Least Practiced Environmental Strategies 

The least practiced environmental strategies in green building construction included (average of never to 

sometimes practiced): 

1. Procure materials with low-offgassing potential 

2. Minimize soil compaction 

3. Minimize air pollution during construction (i.e., use low-emission machinery) 

4. Procure locally sourced, recycled and reused materials (average of 0 to 25% of materials 

procured) 

5. Protect or retain vegetation (average of 0 to 25% of vegetation protected/retained) 

6. Reduce waste generation and use waste and recycling collection system (an average of 25 to 

50% materials diverted) 

7. Practice water efficiency during construction (average of 11 -25% water saved) 

8. Accommodate building deconstruction (average of 11 to 25% of waste diverted) 

9. Minimize noise effects on community 

Question 13: Please comment on the incentives and barriers experienced in implementing 
environmental strategies in your building construction projects. 

There were a couple of comments on the barriers to implementing environmental strategies as noted 

below. No comments on incentives were expressed. 

• "Projects are generally profit driven and the most cost-effective practices are generally used within 
the industry." 

• "Product procurements are based on specifications produced by architects and engineers who almost 

never allow for the re-use of materials." 
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Question 14 to 19: Please rate the frequency of the following construction management practices 
experienced in your building construction projects. 

Q14. Overall Construction Management 

The most practiced strategies were: setting general goals and priorities for the project, and general front 

end planning. Though mostly deemed effective, practitioners did not place as much value in risk 

management planning. 

Setting goals and priorities for the environmental strategies in the project was mostly sometimes to often 

performed by respondents. The remainder of management strategies that address environmental issues 

were not done as much by participants (on average seldom or sometimes performed). These included: 

front end planning, risk management planning, commitment of upper management, and procurement 

procedures for environmental strategies. 
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Q15. ContractAdministration 

Innovative contracting strategy was sometimes or often performed by all of the respondents. Most 

participants seldom or sometimes set out detailed contract specifications for the environmental strategies. 

The inclusion of a cost allocation for environmental strategies widely varied from seldom to always 

between participants. 
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Q16. Technical 

A quality control plan, constructability analysis, use of quality improvement teams, and detailed 

commissioning plan were at least sometimes utilized during the construction process. 
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Management Strategy 

Q17. Leadership 

Good leadership qualities in the field supervisors were often looked for in construction, and good 

leadership qualities in the construction manager were often to always looked for. 
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Q18. Training 

A training program is not always a component of building projects, according to respondents. Most 

participants (60%) actively train construction manager and field supervisors. Training for trades and staff, 

training on environmental aspects for construction manager and field supervisors, and mentoring 

programs are only sometimes implemented by most construction firms. The least practiced training 

management strategy was training on environmental aspects for trades and staff. 
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Q19. Labour Relations 

The most widely practiced management strategy in this section was providing a healthy work 

environment. All respondents often make teamwork a priority in projects. All other labour relations 

management strategies presented were generally sometimes to often performed. These included: 

communication and meetings plan, recognition and rewards, employee/trade involvement in 

decisionmaking, conflict avoidance I resolution, and a feedback mechanism. 
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Most Utilized Management Practices 

The most utilized construction management practices included (often to always practiced on average): 

1. Setting goals and priorities for the project 

2. General front-end planning 

3. Good leadership qualities in construction manager 

4. Healthy work environment (in a physical sense) 

5. Risk management planning 

6. Quality control plan (procedures, inspections, testing) 

7. Good leadership qualities in field supervisors 

8. Priority on teamwork 
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The Least Utilized Management Practices 
The construction management practices least utilized in building projects included (seldom to sometimes 

practiced on average): 

1. Training on environmental aspects for trades and staff 

2. Mentoring program 

3. Detailed product procurement procedures in place that address environmental strategies of the 

project 

4. Rewards (monetary or non-monetary) 

5. Risk management planning for environmental strategies in the project 

6. Training on environmental aspects for construction manager and field supervisors 

7. Recognition (i.e. trades luncheon) 

8. Conflict avoidance / resolution techniques used 

9. Detailed contract specifications for environmental strategies in the project 

10. Employee I trade involvement in decisionmaking 

11. Front-end planning for the environmental strategies in the project 

12. Commitment of upper management on environmental strategies 

Question 20: How do you keep abreast of building construction technologies and news? 

All of the respondents participated in seminars and courses and perused magazines to keep abreast of 

building construction technologies and news. Newsgroups/listserves, books, websites, government 

literature and conferences were also sources used by the majority of the respondents. 
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Question 21 : Please list the construction organizations that you are a member of or affiliated with. 
Organizations that the companies were members of or affiliated with included: 

• Calgary Construction Association 

• Edmonton Construction Association 

• Canadian Construction Association 

• Calgary Region Home Builders Association (CRHBA) 

• The Alberta New Home Warranty Program (ANHWP) 

Question 22: Please comment on the potential impact of buildings designed with the environment 
in mind on building construction in the future. 
Most participants stated that for green building to become viable, the government has to become 

involved. One participant states that "cost saving[s] will be realized by owners and contractors once the 

infrastructure is in place." According to the majority of the respondents, the cost seems to be the major 

barrier holding back the movement towards green building construction. 

Question 23: Has your company expressed interest in incorporating environmental guidelines 
into their day-to-day operations? 
The majority of the companies (60%) expressed that their companies have expressed interest in 

incorporating environmental guidelines. Presently, environmental guidelines have been implemented by 

one company for erosion and settlement, and by another company for recycling I reducing waste on 

projects. 
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Question 24: What is the chief reason for carrying out environmental initiatives in building 
construction? 

Most participants were involved in green building because of cost savings (80%), regulations (60%), 

and/or interest (60%). One of the least popular reasons for involvement was to obtain clients. 
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Additional Comments 

Comments expressed by participants that are not reflected elsewhere in these survey results included: 

• "I think all are learning and have a lot to learn, that also includes ... enforcing the regulations. All 

have to be on the same playing field." 

• "Environmental strategies must come from the designers downwards. As contractors (construction 

managers), we are tied into performing according to contractual terms and conditions, which for the 

most part are determined by the designers." 

Comparison of Surveys Completed by Green Builders Versus Local Builders 

A comparison of surveys completed by green builders versus local builders was important to note to 

determine a benchmark of conventional building practices and the to determine a vision of what needs to 

be done to turn the conventional building process into a green building process. 
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Environmental Strategies 

Similarities between groups include: 

• Topsoil is retained by both groups, although almost 40% of green builders retain over 75% whereas 

most local builders retain 51-75% 

• Both groups maintain indoor air quality during construction, but the level of air quality differs as 

illustrated by the amount of materials with low offgassing potential procured 

• Both groups do not regularly minimize soil compaction on sites (may be because of brownfield 

development) 

• Green builders and local builders both regularly participate in regulated activities, which include: 

o Minimizing pollution to land and water 

o Ensuring correct operation of water and energy systems 

o Maintaining building integrity for energy efficiency and indoor air quality 

o Protecting workers from exposure to health risks and noise 

• Water and energy efficiency performed at the same rate by both groups of builders 

Differences between groups include: 

• Recycling and waste reduction are performed much more often by green builders than by local 

builders (63% versus 20% and 77% versus 20% respectively) and the average amount of waste 

recycled is more for green builders (62%) versus conventional builders (44%) 

• Much more green builders procure locally sourced, recycled and reused materials than conventional 
builders 

• Green builders protect or retain vegetation (67% participate often or always) than local builders (0% 

participate often or always) 

• Controlling erosion and sediment is performed more often by green builders (97% participate often to 

always) than conventional builders (40% participate often to always) 

• More green builders minimize air pollution than local builders (48% often to always practice versus 
0%) 
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• More green builders ensure the integrity of sound attenuation partitions and minimize noise effects on 

the community than local builders 

• A significant amount of green builders procure more low-offgassing materials (the majority procures 

26 to 100%) than conventional builders (who on average seldom procures 0 to 10%) 

Management Strategies 

Opportunities for an environmental management plan included those deemed most effective for green 

building projects and which could be integrated into the existing construction process performed by local 

builders. These are: 

• Setting green goals and priorities 

• Front end planning for environmental strategies 

• Good leadership qualities in field supervisors and construction managers 

• Innovate contracting strategy 

• Quality control program 

Programs deemed most effective by green builders but least performed by builders included a rewards 

and recognition. Other strategies that should be considered for an environmental plan as per green 

builders but not regularly performed by local builders included: 

• Commitment of upper management on environmental initiatives 

• Comprehensive training program 

• Inclusion of environmental initiatives in contract specifications 

Sources of Information 

Similar sources of information that both green builders and conventional builders use are: 

seminars/courses and magazines. Local builders use books more and green builders use websites more 

often. 
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Reason for Involvement 

The top reason for involvement was interest for green builders and cost savings for local builders. 

Regulations were ranked higher as a reason for involvement by local builders than for green builders. In 

both groups of professionals, the client was a ranked low as a reason for involvement. 

Potential for Green Building in the Future 

Green builders voiced their optimism for green buildings becoming much more important in the future 

than conventional builders. Both groups agreed that the government must become involved, and that 

cost is the primary reason for the reluctance of construction companies to move forward in this realm. 

Survey Weaknesses 

1. The surveys were limited to practitioners that had access to the Internet. 

2. There was a limited sample size for the second group of surveyed professionals. This is due to the 

small number of local building construction managers. 

3. In the survey for Green Building Professionals, there was some confusion of 'building construction' 

versus 'building design' in the environmental strategies section, so perhaps this could have been 

communicated better. 

4. Some of the environmental issues and management strategies were too brief, which led to different 

interpretations. 

5. The questions on the subject of construction management should have included questions about the 

management process, along with the management strategies utilized in projects. (This was 

subsequently covered in follow-up interviews to practitioners directly involved in the green building 

construction process). 

6. The response rate for the second survey for local building professionals was low (36%), probably due 

to the time of year that the survey was distributed (summer). 
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1 Big Green Construction Group is a green building dialogue provided as a public service by Drew George, 
along with Environmental Building News (http://www.buildinggreen.com) and Oikos 
(http://www.oikos.com) 

" EcoDesign Resource Society (EDRS) Listserve is provided by EDRS 
(http://www.vcn.bc.ca/edrs/index.html). The Iistserve is intended as a means to provide participants with 
short info-pieces on best practices, new technologies, research, progress in the fields, and events of 
possible interest. The Iistserve is also intended to facilitate and enable participants to network with one 
another, ask questions, provide answers, and engage in discussions on various sustainability-related 
design topics. 
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