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Abstract

Green buildings programs have been developed in North America over the past 10-15 years with an objective of shifting the built environment toward a more sustainable mode.  Such programs are important – certainly in concept – in focusing building designers and construction firms on more efficient use of energy and water, improvement of indoor air quality and occupant safety, development of more liveable and environmentally sustainable communities, and reduction of environmental impacts in the construction and operation of buildings.

Because green buildings programs are important, it is therefore important that these programs be free of biases and political pressures and that they actually promote improved environmental performance.  Accordingly it is critical that guidelines and requirements of these programs be rigorous, comprehensive, and science-based.    

However, within the leading green building program operating in North America – the LEED (Leadership in Energy and Environmental Design) program – designations of green materials are made without the benefit of systematic, comprehensive analysis, with criteria largely based on intuition and focused on single attributes.  There is no consideration of the quantity of energy consumed in manufacturing and transporting products or product assemblies, despite the fact that such energy is often equivalent to many years of energy consumption associated with a structure, nor is there any consideration of emissions linked to production and use of construction materials.  A fundamental problem is that there is no requirement for consideration of life cycle inventory data using common criteria as part of the materials rating system; what this means is that LEED has no capacity for rigorous assessment of environmental impact.

Moreover, in LEED and all other current green building programs, despite the reality that production of all materials results in significant environmental impacts, only wood is held to standards linked to extraction.  The result is designation of “environmentally preferable materials” using single attributes that don’t often stand the test of rigorous assessment, that fail to require systematic consideration of environmental impacts through the product life of all materials, and that ignore fundamental aspects of sustainability.
It is time to require rigor in the assessment and designation of environmentally preferable building products.  Specifically, LEED and similar green building programs need to shift away from intuition-based prescriptive measures of environmental performance, and toward the use of LCA in designation of environmentally preferable materials and products. In addition, if certification programs are to be required as part of materials assessment, then proactive action should be taken to ensure that the same questions are asked of, and the same requirements imposed on, manufacturers and suppliers of the full array of building materials.

Introduction

A builder looking through the provisions of a leading green building program finds it curious that criteria used to define environmentally preferable materials seem quite simplistic and largely unrelated to known causes of significant environmental impacts. Nonetheless, he makes a mental note to use bamboo flooring in his next project since he can obtain green points for doing so without the need for any kind of documentation of environmental attributes. An environmentally conscious construction firm that uses only FSC certified wood in its projects in order to meet LEED green building standards, a practice that gives customers and employees alike a feeling of price. But no-one in the firm knows anything at all about the environmental performance of the steel beams that are used routinely, the vinyl siding that was applied to that residential project last Monday, or the steel-reinforced concrete structure on which work began this morning.
In fact, most of the same concerns that led to development of certification programs for forests and forest management – those related to environmental protection, social issues, and long-term economic stability – also apply to extraction and processing of other basic raw materials.   For instance, Brazil is a leading supplier of iron ore and pig iron to the U.S.  Yet, persistent reports indicate pervasive use of slave labor in Brazil to clear forests to make charcoal used in pig iron smelters.  In Ecuador, severe environmental damage and human suffering has been documented in conjunction with petroleum extraction and subsequent shipment to the U.S., a portion of which goes to make vinyl and other forms of plastic used in construction.  In British Columbia, mining of sand and gravel for export to the U.S. that is used in making concrete and a variety of cement-based products is known to be wreaking havoc on local environments.  In addition to these realities, many of the products now unquestioned by LEED and other green building standards result in significant landscape impacts, high energy consumption, and large emissions to air and water in their production, use, and disposal.  All of this begs the question: Why is environmental labeling being pursued only for wood and not for all products, and what must be done in order to correct deficiencies in the way that environmental acceptability of construction products is determined today?

Current Approaches to Identification of Environmentally Responsible Products
There are currently two dominant approaches to evaluating the environmental attributes of products.  One approach is to evaluate a product based on a single attribute or few features such as recycled content, rapidly renewable, or chemical-free.  The second approach is to evaluate the raw material used in the product such as organic grain or certified wood.  Both of these approaches are widely used and provide some benefits for consumers in regards to offering additional information about the products.  However, both of these approaches also have severe limitations.

A Focus on a Single Product Attribute
Currently, products are generally judged to be either environmentally good or bad based on a single product attribute: a product contains recycled content (good) or it doesn’t (bad); it is “natural” (good) or it isn’t (bad); it was produced from rapidly renewable resources (good) or it wasn’t (bad).  

The focus on a single product characteristic keeps things simple and easy to comprehend – simple for the consumer and simple for organizations making judgments about various products.   Unfortunately, focusing narrowly on product attributes is often useful in identifying environmentally preferable products only in the most straightforward of situations.  For instance, if faced with purchasing one of two brands of aluminum garage doors, one of which is made of 100% recycled aluminum and the other of 100% virgin aluminum, the consumer is presented a clear choice. While a recycled label wouldn’t say so, the product made entirely of virgin content requires 20 times more energy to produce than the recycled alternative. Also, production of the recycled aluminum results in far less in the way of impacts to air, water, and land, and is clearly environmentally superior.  Suppose, however, that a consumer is faced with the choice of selecting steel framing that has 35% recycled content or wood framing members that contain no recycled content.  In this case, a choice to use steel framing based on recycled content would result in more than twice the energy consumption and more than four times the fossil fuel consumption to produce the framing members, and increased emissions to air and water in roughly the same magnitude as the differences in fuel consumption.  Insulating the framed-in wall to a given R-value would result in even greater differences in energy consumption.  Is a product containing recycled content always an environmentally better choice?  Clearly not!  

Suppose now that an environmentally concerned consumer is trying to decide between a product certified as “free from genetically modified material” and one that is made from rapidly-renewable fiber produced by crops that have been genetically modified to enhance growth rate.   In this case, making a choice based simply on an absence of genetically modified material could well mean that the consumer is systematically choosing a product that requires the cultivation and disturbance of far larger land areas, and associated environmental impacts, than the product made from fiber of faster growing plants.  Is freedom from genetically modified material necessarily better from an environmental point of view?  Without asking this question in any context, such as that outlined above, the answer might be yes.  However, when examining the question of genetic modification from a broader environmental perspective, the answers become far less clear.  

The reality is that a single product attribute seldom provides enough information to allow an informed and rational decision regarding the environmental acceptability of any product.  Too often, single attribute claims lead to more questions than answers.   Nonetheless, many consumers and consumer advocates continue to use single attribute claims as a basis for judging environmental performance.   The LEED program, for instance, bases its environmentally preferable designation on just a few attributes: 1) use of salvaged, refurbished, or reused materials, 2) use of materials with recycled content, 3) use of local or regional materials, 4) use of low emitting materials, 5) use of environmentally certified material (wood only among structural materials), and 6) use of rapidly renewable materials (i.e. renewable in 10 years or less); several materials, such as bamboo flooring, are specifically recognized as environmentally preferable, with no requirement for demonstration of environmental impacts in production.  Missing in the list of criteria used by LEED in determining environmental preferability is the amount of energy consumed in manufacturing and transporting products or product assemblies, emissions to air and water linked to production and use of construction materials, releases of greenhouse gases, or depletion of fossil fuels and other non-renewable resources.  
A Focus on a Single Raw Material

In the book “Seeds of Change: Five Plants that Transformed Mankind”, author Henry Hobhouse mentions what may be the oldest raw material certification program, that for “non-slave” produced sugar from the Caribbean.  He goes on to mention that more times than not the claim of no slave involvement was false.   Producers felt pressure to make the claim based on perceptions of consumer concerns, but the reality of delivering on the claim eluded them.  This challenge continues to be a hurdle in the push for certification of raw materials.  Although customers may assert an interest in environmental certification, their willingness to pay the costs of certification programs and the capacity and ability of producers to make the necessary changes to ensure improved environmental performance continue to limit adoption.

Because of worldwide concern about forests, efforts to encourage better management of forests through development of management guidelines and third party oversight were developed in the 1990s.  Known as certification programs, these have proliferated in recent years, both in terms of the number of programs and number of acres or hectares certified. According to the latest UNECE/FAO Forest Products Annual Market Review (Oliver et al., 2010), as of May 2010, about 357 million hectares (or 9%) of the world’s forests are certified.

Unlike a single attribute approach to assessing environmental performance, forest certification programs consider a broad range of issues, including 

· compliance with local and regional laws and international treaties,

· observance of tenure and use rights to the land and forest resources,

· respect for indigenous people’s rights,

· existence of a forest management plan and associated monitoring and assessment,

· attention to community relations and worker’s rights,

· impacts to future productivity, water, other animal and plant species, and 

· long-term economic viability.

Third-party oversight is almost universally used to verify compliance with certification requirements.

While such programs go well beyond single attribute based evaluation of a product, in that they extensively examine environmental, social, and economic factors related to forest management and wood harvest, there is a significant problem with the way that certification information is used in practice.   

When combined with a chain of custody system that tracks wood from forest to marketplace, distributors of wood and wood products are able to guarantee that certified products were sustainably produced. Such products are increasingly specified by environmentally concerned architects, builders, and others.   The problem is again one of context, in that those specifying certified wood products are not demanding the same evidence of environmental sustainability for non-wood construction materials.  In effect, non-wood materials are being given a free pass, the implication being that typical practices employed in their production are inherently environmentally better than those associated with production of wood products.  However, as noted previously, most of the same concerns that led to development of certification programs for forests and forest management also apply to extraction and processing of other basic raw materials.    The June 2005 edition of Metropolis included an article entitled “The Ethics of Brick”. In it, author Lance Hosey calls on the building industry to develop new standards for evaluating production.  He reports that about one-quarter of all steel and cement used in the United States is imported and notes that LEED does not require project managers to know who made them, what their standard of living was, or if worker’s rights were protected.  All of these questions are addressed in the Forest Stewardship Council’s (FSC) forest management certification program.  Using the FSC experience as a model, it should be possible to provide this kind of information about other building materials.   This issue is discussed in greater detail in Bowyer et al. (2009).
What is Missing in Present Approaches to Identification of Environmentally Preferable Products?

A single product attribute seldom provides enough information to allow an informed and rational decision regarding the environmental acceptability of any product.   Requiring that products made of one material demonstrate environmental sustainability without requiring the same of products made of other materials makes little sense if environmental sustainability is really the objective.   In addition to these problems, neither the single-attribute approach, nor product certification programs as they exist today require systematic evaluation of environmental burdens through the life cycles of products.  

What must be done in order to correct deficiencies in the way that environmental acceptability of construction products is determined today?   There is no one answer, no miracle solution, but two things are obvious:  

1. Environmental labeling programs, if they are to facilitate meaningful comparisons, must quickly evolve to include all products used for similar applications.

2. All assessments of environmental performance of products must include evaluation based on examination of a broad range of environmental indicators representing the full life cycle of products using internationally accepted protocols for evaluation.  Another way of saying this is that environmental life cycle analysis must play a major role in product evaluation and labeling.

Environmental Life Cycle Analysis

An LCA typically begins with a careful accounting of all the measurable raw material inputs (including energy), product and co-product outputs, and emissions to air, water, and land; this part of an LCA is called a life cycle inventory or LCI (Figure 1). Examination of energy use is particularly revealing, since a number of serious environmental problems are related to consumption of energy including acid deposition, oil spills, air pollution (SO2, NOx), and increasing concentrations of atmospheric carbon dioxide, methane, and other greenhouse gases. An LCI may deal with product manufacture only, or the study boundaries may be defined more broadly to include product use, maintenance, and disposal. In a subsequent stage of the LCA, LCI measures are assessed to determine tangible environmental impacts.   
Figure 1

Schematic of Life Cycle Inventory of Wooden House Construction
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Environmental life cycle analysis, or LCA, provides a mechanism for systematically evaluating the environmental impacts linked to a product or process and in guiding process or product improvement efforts. LCA-based information also provides insights into the environmental impacts of raw material and product choices, and maintenance and end-of-product-life strategies. Because of the systematic nature of LCA and its power as an evaluative tool, the use of LCA is increasing as environmental performance becomes more and more important in society. It is likely that LCA will soon become widely used within American industry and by those involved in crafting national and regional environmental policy.
As an example of how intuitive, single attributes-based determination of environmental preferability can lead to erroneous conclusions can be illustrated by a comparison of environmental impacts of wood and steel framing as defined under the  LEED program, and as compared through life cycle

Figure 2

Wood and Steel Interior Framing
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inventory results.  In the LEED program, if the steel framing contains recycled content, its use earns one point; there is no requirement for third-party certification of environmental or social impacts linked to production. If wood framing is used but is not certified under the FSC forest certification program, its use earns zero points.   If the wood is certified, its use earns one point.  In other words, under the LEED program, steel framing containing recycled content is viewed either environmentally better than or equal to wood framing.  

When, then, does a comparison of wood and steel framing in functionally equivalent wall sections, using life cycle analysis reveal?  The results of one comparison are shown in Table 1.   The total energy required to produce the steel framing with 30 percent recycled content was found to be over three times that required for production of the wood framing. Moreover, emissions of greenhouse gases associated with production of steel framing were 3 to 10 times greater than those associated with production of wood framing, and emissions of such things as cyanide, phenols, and ammonia were over 40 times greater.  The difference in water use was more than 25 times.
Another study that examined environmental impacts of residential building construction to existing code requirements (Perez-Garcia et al. 2005) found that total energy consumption associated with steel floor and roof assemblies was 67 percent greater than for functionally equivalent wood assemblies, and that differences in global warming potential, and overall emissions  to  air  and  water  were  2.57,  1.85, and 4.12 times 
Table 1

Comparative Emissions in Manufacturing Wood vs. Steel-Framed Interior Non-Load Bearing Wall

	Emission/Effluent
	Wood Wall
	Steel Wall*

	Energy consumption (GJ)
	3.6
	11.4

	Emissions to air
	
	

	CO2 (kg)
	     305
	       965

	CO (g)
	2,450
	11,800

	SOx (g)
	     400
	    3,700

	NOx (g)
	1,150
	    1,800

	Particulates (g)
	     100
	       335

	VOCs (g)
	     390
	    1,800

	CH4  (g)
	         4
	        45

	Water and effluents
	
	

	Water use (l)
	2,200
	51,000

	Suspended solids (g)
	12,180
	495,640

	Non-ferrous metals (mg)
	       62
	    2,532

	Cyanide (mg)
	       99
	    4,051

	Phenols (mg)
	17,715
	725,994

	Ammonia (mg)
	1,310
	53,665

	Halogenated organics (mg)
	     507
	20,758

	Oil and grease (mg)
	1,421
	58,222

	Sulfides (mg)
	       13
	       507

	Solid wastes (kg)
	     125
	        95


* 30% recycled content

Source: Meil (1994)
greater,  respectively,  when  using  steel  framing  rather  than

wood in these applications.  More recent research (Lippke, 2009) found that replacing a steel framed wall assembly with a kiln-dried wood-framed wall, where the wood is dried in a biofuel-fired kiln (a typical scenario in the industry), results in a reduction of carbon dioxide equivalent emissions of 9 pounds per square foot of wall.  Many other studies performed in a number of different countries have shown near identical results to the examples discussed herein.
Given these differences, it is worth considering how it is that steel framing is considered either environmentally superior or equal to wood framing under the LEED program. The answer lies in blind reliance on an intuitive, unsubstantiated single attribute.  Many recent studies show near identical results.  

Another illustration of problems arising from the use of prescriptive  standards  is the  rapidly  renewable  aspect of the
LEED environmentally preferable designation.  The fact that bamboo is recognized carte blanche as an environmental material is revealing.   In an era in which the environmental attributes of materials are increasingly questioned, it is a bit curious that a product such as bamboo flooring has been so firmly embraced by the green movement without any apparent attempt to determine what is actually involved in its production and use.  Investigation reveals many environmental concerns associated with growing, harvesting, and converting bamboo to useful products – essentially the same questions that surround production and harvest of wood (Bowyer et al. 2005).  
The Foundation for Wide Use of LCA is in Place
The National Renewable Energy Laboratory (NREL), in conjunction with several key partners, has developed the U.S. Life Cycle Inventory Database (2011), with the objective of creating a publicly available, national LCI database for commonly used materials, products, and processes. The purpose of the database is to 1) support public and private sector efforts to develop environmentally oriented decision support systems and tools; 2) make available regional benchmark data for use in assessing environmental performance of companies, manufacturing plants, and production processes, and in evaluating the environmental attributes of new technologies or products; and 3) provide a firm foundation to subsequent life-cycle analysis tasks such as impact assessment. 

Software tools are also currently available that bring the power of life cycle analysis to building design and building materials selection.  These tools are easy to use, fast, free or low-cost, and increasingly comprehensive.
A Caveat
LCA alone does not answer all of the environmentally related questions that consumers are interested in.  For instance, LCA does not address six of the seven components of forest certification programs listed at the bottom of page 2, nor was it ever intended to.  Certification, in addressing landscape impacts, and social, and economic aspects of raw material procurement and processing, necessarily relies on subjective assessment and is properly used in conjunction with life cycle analysis.  
Assuming that protection of indigenous people’s rights, equitable payment of workers, fair treatment of local communities, avoidance of the use of slave labor, and protection of water, wildlife, and landscape level impacts are, in fact, important considerations in materials selection, there is an immediate need for development of rigorous programs for certifying products other than those made of wood.  Architects, engineers, and others who are in the business of specifying materials need to insist that certification programs for steel and steel products, cement-based products, plastic and plastic foam products, fiberglass products, and so on be developed without delay.  Such certification programs should address essentially the same range of environmental, social and economic impact issues now examined as part of forest and wood certification programs.   
Sustainable forest guidelines and procedures developed over the past decade can be used as a template in development of certification programs for other basic industries.  Similarly, experience gained by third-party certifiers and others working in forest certification can serve as a guide for avoiding problems that have been encountered in forest certification program development.  

It is possible that an LCA label could be standardized for certain product categories, and manufacturers could still use single attribute claims and raw material certification programs to communicate more information about their product.  This combining of labels would be similar to what is already standard practice in food labeling, with both the standard nutrition label as well as organic certification program labels and manufacturers claims that appear on products.

Summary

There are vast differences in the environmental impacts associated with producing various building materials.  Such impacts are virtually unknown to the consuming public.  Yet, there are now life-cycle analysis or LCA programs in place that allow rapid development of rigorous, objective, scientifically-based, transparent information regarding environmental performance for a wide range of products.  The time has come for universal use of LCA derived information in programs focused on environmental sustainability.
In addition, there are environmental, social, and economic concerns and issues associated with production of all basic raw materials.  In the building materials arena, where only wood products manufacturers and distributors are currently asked to demonstrate environmentally sustainable practices, there is no justifiable reason for not now seeking the same assurances from manufacturers and distributors of all other products used in construction.  As a beginning point, it is clearly time to expand current requirements for building materials certification in green building programs to include all products used in framing, decking, sheathing, cladding and other common applications in structures.
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