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Disclaimer:

These entities do not make any warranty, expressed or implied, or assume any legal liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, product, or process disclosed, or represent that its use would not infringe upon privately owned rights. The parties involved do not assume any liability for the use of any information, methods, or materials, contained herein or for damages arising from such use; nor do they assume any responsibility for injury to individuals or property, or for any loss, sustained as a result of the use or application of contents of this document.

This document was prepared with assistance and participation of representatives from several organizations. The views and opinions expressed represent general consensus and available information, but unanimous approval by all organizations is not implied. The views and opinions expressed do not necessarily state or reflect those of NJHEPS.

The information in this document is not a substitute for the professional advice, as evidenced by architectural stamps and engineering seals, regarding its use in the design, construction and renovation of buildings; nor is it a substitute for the adherence to applicable law and sound professional practices, and procedures for sound design, engineering, and construction, including sustainable design, engineering, and construction.

In consideration of the permission given by NJHEPS to use this document and in consideration for the value received through the use of this document the user of the document (and his or her heirs, representatives and assignees) covenant not to sue, and waive and release NJHEPS from any and all claims, demands, and causes of action for any injury to individuals or property, and from any and all financial loss or economic damages sustained by or arising from users’ use of or reliance on this document. Use of this document does not relieve the user from complying with all applicable laws and regulations and proper analysis and monitoring in the design and operation of buildings.
This document is a DRAFT and will undergo additional revision during 2011-2012. Please provide feedback to njheps@gmail.com.
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9-5
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9-6
09  62  23
Bamboo Flooring
9-6
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9-9
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9-9
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9-9
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09  66  00
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09  68  50
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PART 3
EXECUTION
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Not Used
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PART 1
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PART 2
PRODUCTS
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Photoluminescent Guidance Strips
10-2
10  00  00
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10-2
10  21  13
Corner Guards
10-3
10  71  13
Exterior Sun Control Devices/Lightshelves
10-3
PART 3
EXECUTION
10-3
Not Used
10-3
END OF DIVISION
10-3
DIVISION 11 Equipment
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PART 1
GENERAL
11-1
1.1
Key Environmental Issues
11-1
1.2
LEED Applications
11-1
1.3
ENERGY STAR Program - Equipment
11-2
PART 2
PRODUCTS
11-2
11  13  13
Loading Dock Bumpers
11-2
11  28  00
Office/Classroom Equipment
11-2
11  53  13
Laboratory Fume Hoods
11-4
PART 3
EXECUTION
11-4
3.1
Recycling Collection and Disposal
11-4
END OF DIVISION
11-4
DIVISION 12 Furnishings
12-1
PART 1
GENERAL
12-1
1.1
Key Environmental Issues
12-1
1.2
LEED Applications
12-1
PART 2
PRODUCTS
12-2
12  05  13
Sustainable Fabrics
12-2
12  12  00
Window Shades
12-2
12  21  00
Window Blinds
12-3
12  30  00
Casework
12-3
12  36  00
Countertops
12-3
12  48  00
Floor Mats
12-4
12  56  00
Educational Furniture
12-4
PART 3
EXECUTION
12-6
3.1
Locating Bicycle Racks
12-6
END OF DIVISION
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DIVISION 13 Special Construction
13-1
PART 1
GENERAL
13-1
1.1
Key Environmental Issues
13-1
1.2
LEED Applications
13-1
PART 2
PRODUCTS
13-1
13  50  00
Wind Energy
13-1
PART 3
EXECUTION
13-2
Not Used
13-2
END OF DIVISION
13-2
DIVISION 14 Conveying Equipment
14-1
PART 1
GENERAL
14-1
1.1
Key Environmental Issues
14-1
1.2
LEED Applications
14-1
1.3
Code Issues
14-2
PART 2
PRODUCTS
14-2
14  20  00
Machine Room-Less (MRL) Elevators
14-2
PART 3
EXECUTION
14-2
Not Used
14-2
END OF DIVISION
14-2
DIVISION 22 Plumbing
22-1
PART 1
GENERAL
22-1
1.1
Key Environmental Issues
22-1
1.2
LEED Applications
22-1
1.3
US EPA Program - WaterSense
22-2
PART 2
PRODUCTS
22-2
22  00  00
Recycled Content
22-2
22  40  10
Showerheads
22-2
22  40  20
Faucets
22-2
22  40  30
Urinals
22-3
22  40  40
Toilets
22-3
PART 3
EXECUTION
22-4
Not Used
22-4
END OF DIVISION
22-4
DIVISION 23 HVAC Heating, Ventilation, and Air Conditioning
23-1
PART 1
GENERAL
23-1
1.1
Key Environmental Issues
23-1
1.2
LEED Applications
23-2
1.3
Design Standards
23-2
1.4
HVAC System Selection
23-3
1.5
Computer Modeling
23-3
1.6
Active Solar Collection Systems
23-3
PART 2
PRODUCTS
23-4
22  00  00
Recycled Content
23-4
23  00  10
HVAC General
23-4
23  09  00
Controls
23-5
23  30  00
Air Distribution
23-5
23  33  00
Acoustics
23-6
23  40  00
Filtration
23-6
23  60  00
HVAC Equipment
23-6
23  61  00
Refrigerants
23-7
PART 3
EXECUTION
23-7
3.1
Commissioning/Coordination
23-7
3.2
Building Management System
23-8
END OF DIVISION
23-8
DIVISION 25 Integrated Automation
25-1
PART 1
GENERAL
25-1
1.1
Key Environmental Issues
25-1
1.2
LEED Applications
25-1
PART 2
PRODUCTS
25-1
25  00  00
BMS Performance Format
25-1
PART 3
EXECUTION
25-2
3.1
HVAC Controlled Equipment
25-2
3.2
Lighting
25-3
3.3
Security
25-3
3.4
Fire and Life Safety Systems
25-3
3.5
Building Management System (BMS) Description
25-3
3.6
Facilities Management System (FM) Description
25-3
3.7
Testing, Training, Operations, Maintenance, and Warranties
25-4
END OF DIVISION
25-4
DIVISION 26 Electrical
26-1
PART 1
GENERAL
26-1
1.1
Key Environmental Issues
26-1
1.2
LEED Applications
26-2
1.3
Standards
26-2
PART 2
PRODUCTS
26-3
26  00  00
Recycled Content
26-3
26  22  00
Energy Efficient Low Voltage Transformers
26-3
26  31  00
Photovoltaics and BIPV
26-3
26  50  00
Fluorescent and HID Lighting
26-4
26  51  00
LED Lighting
26-6
26  53  00
Exit Lights
26-6
26  56  00
Exterior Lighting Fixtures: Eliminate Light Pollution
26-7
PART 3
EXECUTION
26-7
3.1
Lighting Design
26-7
3.2
Lighting Quality and Illumination Levels
26-8
3.3
Design for Light Pollution Reduction
26-8
3.4
Controls Installation
26-9
END OF DIVISION
26-9
DIVISION 32 Exterior Improvements
32-1
PART 1
GENERAL
32-1
1.1
Key Environmental Issues
32-1
1.2
LEED Applications
32-2
PART 2
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Introduction

In 2010, sustainability has become mainstream.  Municipalities and major corporations are using words like “sustainable, green, LEED, clean, and environment” in advertisements to create a more desirable public image.  Higher education institutions still face a daunting challenge: when there is a large upfront cost to employ sustainable technologies, how do we come up with the financial capital to make the investment?   Influencing the chief decision makers of higher education institutions to build a more sustainable building, or invest in renewable energy/energy efficiency technologies can also be a challenge. Payback periods need to be calculated, testing the viability of technologies at each location/institution. Through case studies and life cycle cost analysis calculations, we can justify the need to make these decisions. 

This handbook is designed to serve as a toolkit for higher education institutions through EPA Region 2, helping them to build more efficient buildings. EPA Region 2 consists of New Jersey, New York, Puerto Rico and the U.S. Virgin Islands. Executive Orders and Incentives are included at the beginning of the book to help institutions employ technologies of their choice, and explore what options are available to them.  The designs specs laid out in the guidelines will help higher education institutions make more sustainable choices in each area of design through offering different options in materials, technologies, and policies.  

The continued purpose of this revised document, Volume II of the NJHEPS High Performance Campus Design Handbook: Sustainable Design Guidelines (the Guidelines), is to provide assistance to EPA Region 2 colleges and universities in the planning, design and construction of sustainable, high performance facilities - a critical strategy in raising the “green” bar. These Guidelines provide a template for environmental excellence in the design and construction of new and renovated buildings. They are aimed at both design consultants and the construction and facilities management teams involved in the capital construction process. As a tool, the principles, practices, and choices found in the Guidelines will help ensure that capital construction projects provide the best possible return to the institutions - as measured across the building life-cycle, from an economic, environmental, productivity and public health perspective. 

Sustainable, Green or High Performance Design:

Sustainable Design should not be seen as an architectural trend or fad that results automatically through use of a rating system such as the Leadership in Energy & Environmental Design (LEED) green building rating system. Nor should sustainable design be seen as the application of various technologies or gadgets. Rather, sustainable design should emerge from an integrated design and construction process that elicits maximum client input, and begins early during site evaluation and programming and continues through design, construction, and building occupancy. University buildings are prime candidates for green design given their visibility and market-transforming potential, and their expected long useful life of one hundred years or more. 

An evaluation should be made on every university project to determine how “green” it should be. Some, especially new building projects, will be candidates for a LEED evaluation and possible formal certification by the U.S. Green Building Council. In contrast, other projects on campus may only incorporate a few green features (i.e., construction waste management, use of recycled materials, concern for indoor air quality) as appropriate for the project due to size, scope, program, hours of operation, budget, or other factors. Such projects will range from “light” green to “dark” green.

EPA Region 2’s new college and university construction projects, as well as renovations, are envisioned in these Guidelines as architecturally meaningful realizations - realizations that also harvest significant cost savings and generate important social and ecological benefits. These buildings, with their improvements boast value-added features. 

From the project outset, designers and contractors of high performance building projects proactively commit, under the overall direction of institutional facilities management leaders, to maximizing operational energy savings, providing optimized healthy interiors, limiting the detrimental impacts of construction on the environment, and effectively reducing the ecological footprint of physical plant development and operations. Multi-skilled teams work together synergistically to design integrated strategies to attain goals and reduce costs. The collective successes of these projects both demonstrate and address shortcomings in conventional building standards and construction methods. 

Sustainable Design is defined as an integrated set of well-tested design, construction and operational practices that:

· Reduce fossil-fuel dependence, energy consumption and air pollutants

· Save operating and maintenance expenses - at little or no additional first construction cost 

· Contribute to cutting greenhouse gas emissions 

· Create healthier indoor environments

· Improve student learning

· Increase student, faculty and staff productivity

· Support markets for non-toxic and sustainable building materials and supplies

· Reduce a building’s ecological footprint

· Educate students about environmental impacts

· Combat sprawl and encourage smart growth

· Increase campus energy security and reliability

· Position higher education in New Jersey as a national leader in better buildings

Guideline Goals:

Many guides exist on the general benefits of promoting Sustainable Design. In contrast, these Guidelines include many specifics, to support the serious commitment of EPA Region 2 Higher Education institutions to high performance principles during the execution of individual buildings and campus-wide projects.

These Guidelines seek to achieve the following goals:

· Ensure that capital construction budgeting and practices yield investments that make sound economic and environmental sense; achieve higher fiscal efficiencies; promote natural resources conservation; and follow best practices in materials procurement and waste disposal. 

· Improve the health, comfort and well-being of students, faculty and staff.

· Enable buildings and grounds to enhance academic performance and to function pedagogically in instructing the campus community and visitors in the principles of sustainability.

· Inform design team members about the integrative green design process for new construction and renovation work.

· Provide outline information on materials and systems that can be integrated into the thinking and planning of future campus projects.

A primary goal of the Guidelines is to provide step-by-step suggestions for a successful integrated design process, which is crucial for realizing the synergistic benefits and cost savings of high performance design. This integrated design process should start at the beginning of the program phase and continue through the entire design and construction process. Integrated design means that all building systems are considered and designed as one single unit. It brings together the entire ‘Project Team’ involved in designing a building or performing site improvements. This integrated approach optimizes efficiencies that are not apparent when design professionals work in isolation. In addition, the integrated design approach allows intelligent trade-offs to be implemented that enhance resource efficiency and optimize overall building performance. Total project integration is the best way to avoid redundancy and inefficiency. Integrated design activities include charrettes, follow-up implementation meetings, and computer modeling of building performance. An integrated design process will harmonize multiple and diverse building systems and materials, and will produce high-performing and operationally integrated facilities. 

Specifically, these Guidelines will produce High Performance Buildings that:

· Are designed through a collaborative process involving designers, builders, facilities personnel, campus decision-makers and the building’s eventual occupants.

· Are sited and designed to take maximum advantage of sun, wind and site features.

· Avoid habitat destruction.

· Employ a holistic approach to design, which aims to maximize performance of the entire building rather than particular features or components.

· Use materials that are sustainably produced or harvested.

· Recycle construction and deconstruction materials.

· Maximize indoor air quality and natural light.

· Are comprehensively commissioned and continually monitored, throughout design, construction and operation, to achieve optimal performance.

· Are designed with consideration of all economic factors over the life of the building (life cycle costs) rather than just the first cost of construction.

EPA Region 2 Higher Education Institutions

EPA Region 2 higher education institutions designed in an integrated, sustainable manner will derive the following benefits:

· Satisfaction of rising public expectations of health and environmental performance of high performance buildings are an important recruitment strategy.

· Campus buildings are long-lived, and are able to reap substantial long-term benefits from initial investments in environmental design and energy efficiency.

· Both state and federal governments support, and provide funding for, high performance design.

· High performance design, especially through effective daylighting, increases academic performance.

· Environmental and health leadership in campus buildings, operations and curriculum can attract positive publicity and the support of a new generation of forward-looking donors and funders.

· Educational objectives can be served by these living laboratories of innovative design and technology.

· The philanthropic and educational missions of higher education institutions are consonant with environmental and health stewardship. 

Sustainable campuses require more than just sustainable buildings. Many colleges and universities are now working to create less automobile-dependent campuses, and must increasingly weigh expansion against loss of precious open space. Colleges and universities are also increasingly interested in fostering community and providing more outdoor and greenery-enriched learning and gathering areas. These Guidelines provide guidance for sustainable campus planning based on the state’s open space preservation and anti-sprawl initiatives of “Smart Growth.” Smart Growth development practices support national and state environmental and public health goals by protecting sensitive habitats and watersheds, minimizing water quality impacts from impervious surfaces, reducing air emissions by providing a variety of transportation choices, and encouraging infill development and cleanup and redevelopment of brownfields properties.

Introduction to Climate Change
EPA Climate Leaders

Climate Leaders is an EPA industry-government partnership that works with companies to develop comprehensive climate change strategies. Participating companies commit to reduce their impact on the global environment by completing a corporate-wide inventory of their greenhouse gas emissions based on a quality management system, setting aggressive reduction goals, and annually reporting their progress to EPA. Through program participation, companies create a credible record of their accomplishments and receive EPA recognition as corporate environmental leaders.

Partner companies commit to reducing their impact on the global environment by completing a corporate-wide inventory of their greenhouse (GHG) gas emissions, setting long-term reduction goals, and annually reporting their progress to EPA. Through program participation, companies create a lasting record of their accomplishments and identify themselves as corporate environmental leaders.

Climate Leaders Partners represent a broad range of industry sectors including cement, forest products, pharmaceuticals, utilities, information technology, and retail, with operations in all 50 states. Since 2002, the Climate Leaders program has provided benefits to leading companies that are taking steps to promote responsible climate action.

Contact the Climate Leaders team to indicate your company’s interest in joining the program. The Climate Leaders team will set up an introductory call to explain the process that will lead to becoming a partner and the steps required to set and achieve a greenhouse gas (GHG) reduction goal. Contact Verena Radulovic (radulovic.verena@epa.gov).

For further information or to sign on: http://www.epa.gov/climateleaders/
American College, University Presidents’ Climate Commitment

The American College & University Presidents’ Climate Commitment (ACUPCC) is a high-visibility effort to address global climate disruption undertaken by a network of colleges and universities that have made institutional commitments to eliminate net greenhouse gas emissions from specified campus operations, and to promote the research and educational efforts of higher education to equip society to re-stabilize the earth’s climate. Its mission is to accelerate progress towards climate neutrality and sustainability by empowering the higher education sector to educate students, create solutions, and provide leadership-by-example for the rest of society.

The ACUPCC provides a framework and support for America’s colleges and universities to implement comprehensive plans in pursuit of climate neutrality. The Commitment recognizes the unique responsibility that institutions of higher education have as role models for their communities and in educating the people who will develop the social, economic and technological solutions to reverse global warming and help create a thriving, civil and sustainable society.

ACUPCC institutions have agreed to:

· Complete an emissions inventory.

· Within two years, set a target date and interim milestones for becoming climate neutral.

· Take immediate steps to reduce greenhouse gas emissions by choosing from a list of short-term actions.

· Integrate sustainability into the curriculum and make it part of the educational experience.

· Make the action plan, inventory and progress reports publicly available.

The college and university presidents and chancellors who are joining and leading the Commitment believe that exerting leadership in addressing climate disruption is an integral part of the mission of higher education and will stabilize and reduce their long-term energy costs, attract excellent students and faculty, attract new sources of funding, and increase the support of alumni, business and local communities.

The ACUPCC originated from planning sessions among a group of college and university presidents and their representatives, Second Nature, ecoAmerica and AASHE at the AASHE conference in October 2006 at Arizona State University. Twelve presidents agreed to become founding signatories and launched the ACUPCC in early December of 2006 by sending a letter to nearly 400 of their peers inviting them to join the initiative.

For further information, please visit: http://www.presidentsclimatecommitment.org/
Commitment: American College & University Presidents

We, the undersigned presidents and chancellors of colleges and universities, are deeply concerned about the unprecedented scale and speed of global warming and its potential for large-scale, adverse health, social, economic and ecological effects. We recognize the scientific consensus that global warming is real and is largely being caused by humans. We further recognize the need to reduce the global emission of greenhouse gases by 80% by mid-century at the latest, in order to avert the worst impacts of global warming and to reestablish the more stable climatic conditions that have made human progress over the last 10,000 years possible. 

While we understand that there might be short-term challenges associated with this effort, we believe that there will be great short-, medium-, and long-term economic, health, social and environmental benefits, including achieving energy independence for the U.S. as quickly as possible. 

We believe colleges and universities must exercise leadership in their communities and throughout society by modeling ways to minimize global warming emissions, and by providing the knowledge and the educated graduates to achieve climate neutrality. Campuses that address the climate challenge by reducing global warming emissions and by integrating sustainability into their curriculum will better serve their students and meet their social mandate to help create a thriving, ethical and civil society. These colleges and universities will be providing students with the knowledge and skills needed to address the critical, systemic challenges faced by the world in this new century and enable them to benefit from the economic opportunities that will arise as a result of solutions they develop. 

We further believe that colleges and universities that exert leadership in addressing climate change will stabilize and reduce their long-term energy costs, attract excellent students and faculty, attract new sources of funding, and increase the support of alumni and local communities. Accordingly, we commit our institutions to taking the following steps in pursuit of climate neutrality: 

1. Initiate the development of a comprehensive plan to achieve climate neutrality as soon as possible.

a. Within two months of signing this document, create institutional structures to guide the development and implementation of the plan. 

b. Within one year of signing this document, complete a comprehensive inventory of all greenhouse gas emissions (including emissions from electricity, heating, commuting, and air travel) and update the inventory every other year thereafter. 

c. Within two years of signing this document, develop an institutional action plan for becoming climate neutral, which will include: 

i. A target date for achieving climate neutrality as soon as possible. 

ii. Interim targets for goals and actions that will lead to climate neutrality. 

iii. Actions to make climate neutrality and sustainability a part of the curriculum and other educational experience for all students.

iv. Actions to expand research or other efforts necessary to achieve climate neutrality. 

v. Mechanisms for tracking progress on goals and actions. 

2. Initiate two or more of the following tangible actions to reduce greenhouse gases while the more comprehensive plan is being developed. 

a. Establish a policy that all new campus construction will be built to at least the U.S. Green Building Council’s LEED Silver standard or equivalent. 

b. Adopt an energy-efficient appliance purchasing policy requiring purchase of ENERGY STAR certified products in all areas for which such ratings exist. 

c. Establish a policy of offsetting all greenhouse gas emissions generated by air travel paid for by our institution. 

d. Encourage use of and provide access to public transportation for all faculty, staff, students and visitors at our institution 

e. Within one year of signing this document, begin purchasing or producing at least 15% of our institution’s electricity consumption from renewable sources. 

f. Establish a policy or a committee that supports climate and sustainability shareholder proposals at companies where our institution’s endowment is invested. 

3. Make the action plan, inventory, and periodic progress reports publicly available by providing them to the Association for the Advancement of Sustainability in Higher Education (AASHE) for posting and dissemination. 

In recognition of the need to build support for this effort among college and university administrations across America, we will encourage other presidents to join this effort and become signatories to this commitment.

Signed, 

The Signatories of the American College & University Presidents Climate Commitment 
To join the commitment, please mail, fax, or email the signed Commitment to Mary Reilly, Second Nature, 18 Tremont St, Ste. 1120, Boston, MA 02108; fax: 320-451-1612; tel: 617-224-1612; mreilly@secondnature.org. Please note that the deadline to become a Charter Signatory is June 30, 2007. After that you can still join as a regular signatory.

Talloires Declaration

University Leaders for a Sustainable Future (ULSF)

We, the presidents, rectors, and vice chancellors of universities from all regions of the world are deeply concerned about the unprecedented scale and speed of environmental pollution and degradation, and the depletion of natural resources.

Local, regional, and global air and water pollution; accumulation and distribution of toxic wastes; destruction and depletion of forests, soil, and water; depletion of the ozone layer and emission of "green house" gases threaten the survival of humans and thousands of other living species, the integrity of the earth and its biodiversity, the security of nations, and the heritage of future generations. These environmental changes are caused by inequitable and unsustainable production and consumption patterns that aggravate poverty in many regions of the world.

We believe that urgent actions are needed to address these fundamental problems and reverse the trends. Stabilization of human population, adoption of environmentally sound industrial and agricultural technologies, reforestation, and ecological restoration are crucial elements in creating an equitable and sustainable future for all humankind in harmony with nature.

Universities have a major role in the education, research, policy formation, and information exchange necessary to make these goals possible. Thus, university leaders must initiate and support mobilization of internal and external resources so that their institutions respond to this urgent challenge.

Once your president has agreed to sign the Talloires Declaration, the process of becoming an official signatory institution is simple. All we need from you is a signed copy of the Signatory Form. We will then add your institution to the official list. Send the signed Signatory Form to: ULSF, 45 Forty Acres Dr. Wayland, MA, 01778.

For further information or to sign on: http://www.ulsf.org/programs_talloires.html
New York State Climate Registry

The Climate Registry is a nonprofit collaboration among North American states, provinces, territories and Native Sovereign Nations that sets consistent and transparent standards to calculate, verify and publicly report greenhouse gas emissions into a single registry. The Registry supports both voluntary and mandatory reporting programs and provides comprehensive, accurate data to reduce greenhouse gas emissions.

The Climate Registry is a nonprofit organization that provides meaningful information to reduce greenhouse gas emissions. The Climate Registry establishes consistent, transparent standards throughout North America for businesses and governments to calculate, verify and publicly report their carbon footprints in a single, unified registry. 

The Registry is committed to:

· Utilizing best practices in greenhouse gas emissions reporting

· Establishing a common data infrastructure for voluntary and mandatory reporting and emissions reduction programs

· Minimizing the burden on Members, Directors and Native Sovereign Nations

· Providing an opportunity for Members to establish an emissions baseline and document early action

· Developing a recognized platform for credible and consistent greenhouse gas emissions reporting

· Promoting full and public disclosure of greenhouse gas emissions while respecting business confidentiality

At its January 2009 meeting, The Climate Registry’s Board of Directors unanimously adopted a policy regarding federal reporting programs in North America. The board strongly endorses that any federal greenhouse gas (GHG) reporting and regulatory programs in North America should partner with The Climate Registry as a cost effective central repository or clearinghouse for reporting and/or tracking GHG data.

Peter Iwanowicz, Director
Climate Change Office
New York State Department of Environmental Conservation
625 Broadway
Albany, NY 12233-0001
http://www.theclimateregistry.org/about/board-of-directors/new-york/
Chicago Climate Exchange

Chicago Climate Exchange (CCX) operates North America’s only cap and trade system for all six greenhouse gases, with global affiliates and projects worldwide.

CCX Members are leaders in greenhouse gas (GHG) management and represent all sectors of the global economy, as well as public sector innovators. Reductions achieved through CCX are the only reductions made in North America through a legally binding compliance regime, providing independent, third party verification by the Financial Industry Regulatory Authority (FINRA, formerly NASD). The founder and chairman of CCX is economist and financial innovator Dr. Richard L. Sandor, who was named a Hero of the Planet by Time Magazine in 2002 for founding CCX, and in 2007 as the "father of carbon trading."

· CCX emitting Members make a voluntary but legally binding commitment to meet annual GHG emission reduction targets. Those who reduce below the targets have surplus allowances to sell or bank; those who emit above the targets comply by offsets.
CCX is a cap and trade system whose Members make a legally binding emission reduction commitment. Members are allocated annual emission allowances in accordance with their emissions Baseline and the CCX Emission Reduction Schedule. Members who reduce beyond their targets have surplus allowances to sell or bank; those who do not meet the targets comply by purchasing CCX Carbon Financial Instrument® (CFI®) contracts.
In Phase I, Members committed to reduce emissions a minimum of 1% per year, for a total reduction of 4% below Baseline. In Phase II, CCX Members commit to a reduction schedule that requires year 2010 emission reductions of 6% below Baseline at minimum.

For further information, please visit http://www.chicagoclimatex.com/index.jsf
Financing and Incentive Programs
This section includes information about federal and state incentive programs to help institutions employ high performance campus design features, energy efficiency and renewable energy technologies on campuses.  An overview of various financing programs is also provided.  This chapter begins with federal programs and is then progresses to localized programs.  We have provided the names of each program, a summary of how they are used, what they finance, who the funding opportunity is applicable to and the website of the program for you to attain additional information + apply for the funding. 

Federal

A. Grants.gov is a governmental resource that was established in 2002 to help interested parties apply for federal grants.  This site is a central clearinghouse of information with access to over 1,000 grant programs.  Approximately $500 billion in annually in grants are awarded. 

B. U.S. Department of Energy – Energy Efficiency and Renewable Energy (EERE). The Office of Energy Efficiency and Renewable Energy (EERE) works with business, industry, universities, and others to increase the use of renewable energy and energy efficiency technologies. One way EERE encourages the growth of these technologies is by offering financial assistance opportunities for their development and demonstration. In fiscal year 2009, more than $2.2 billion in federal funding was awarded to businesses, industries, universities and others through Office of Energy Efficiency and Renewable Energy (EERE) financial assistance programs.
Because competitive grants are the most common type of financial assistance awarded by EERE, this section uses a solicited, competitive grant to explain the financial assistance process. However, competitive cooperative agreements are handled in the same manner.

Like most federal government funding, funding for EERE financial assistance awards is authorized by an appropriation approved by the U.S. Congress. Congress determines the overall budget for Department of Energy activities, and this amount determines how much money will eventually be available for EERE financial assistance awards.

http://www1.eere.energy.gov/financing/
USDA - Rural Energy for America Program (REAP) Grants

The USDA is offering an incentive program for rural small businesses and agriculture producers for energy efficiency programs and renewable energy.  Funding is available to conduct feasibility studies, for the purchase of renewable energy and to make energy efficiency improvements.  “Eligible renewable energy projects include wind, solar, biomass and geothermal; and hydrogen derived from biomass or water using wind, solar or geothermal energy sources”. 

http://www.rurdev.usda.gov/rbs/busp/bprogs.htm
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US05F&re=1&ee=1
U.S. Department of Energy - Loan Guarantee Program

Innovative Technology Loan Guarantee Program:  “Title XVII of the federal Energy Policy Act of 2005 (EPAct 2005) authorized the U.S. Department of Energy (DOE) to issue loan guarantees for projects that avoid, reduce or sequester air pollutants or anthropogenic emissions of greenhouse gases; and employ new or significantly improved technologies as compared to commercial technologies in service in the United States at the time the guarantee is issued." This program has been authorized to offer more than $10 billion in loan guarantees for energy efficiency, renewable energy and advanced transmission and distribution projects. 

DOE actively promotes projects in four categories: (1) manufacturing projects, (2) stand-alone projects, (3) large-scale integration projects that may combine multiple eligible renewable energy, energy efficiency and transmission technologies in accordance with a staged development scheme, and (4) renewable energy projects that generate electricity or thermal energy and facilities that manufacture related components, electric power transmission systems, and innovative biofuels projects. Funding for biofuels projects is limited to $500 million.

http://www.lgprogram.energy.gov/
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US48F&re=1&ee=1
The Tax Incentives Assistance Projects (TIAP)

The Tax Incentives Assistance Project (TIAP), sponsored by a coalition of public interest nonprofit groups, government agencies, and other organizations in the energy efficiency field, is designed to give consumers and businesses information they need to make use of the federal income tax incentives for energy efficient products and technologies passed by Congress as part of the Energy Policy Act of 2005 and subsequently amended several times. 

http://www.energytaxincentives.org 

Use of this Handbook

Architects, owners, and state law must of course continue to exercise superceding authority over individual projects, and owners and architects must exercise due diligence in deciding upon the merit of any of the strategies, technologies, practices or materials suggested in these Guidelines. These Guidelines, however, don’t seek to limit design innovation. Indeed, a wise owner encourages flexibility and creativity during the design process, which can advance high performance building opportunities through a variety of environmental considerations.

The Guidelines are meant to inform design consultants and also to assist in integrating high performance practices into schedules, milestones, quantifiable requirements and communications. Owners are encouraged to use the Guidelines throughout all phases of the project development process. It is, of course, impossible to include every material, design strategy or contingency in the Guidelines. However, the Guidelines do offer a thorough review of design strategies, systems and materials available to higher education facilities that can serve as a comprehensive starting point for decision making. 

The organization of the Guidelines is in accordance with the revolutionary MasterFormat 2004 Edition that is slowly being adopted by the design and construction industries. The previous MasterFormat, developed over 30 years ago, introduced the now familiar 16 Divisions with a 5-digit numbering system. In contrast, MasterFormat 2004 contains space for 49 Divisions which includes provision for future expansion, and a 6-digit numbering system.

NJHEPS plans to update this document frequently (which will always be downloadable through our website, www.njheps.org). Given the speed at which energy technologies and green materials are evolving in reliability, price, and availability, these Guidelines need to be regarded as a living document. This Third Edition of the Guidelines will be supplemented with Workshops that offer continuing education units (AIA/CEU).
Federal

Federal Executive Order 13423

Strengthening Federal Environmental, Energy, and Transportation Management

Executive Order Amendment to Executive Order 13223, Ordering the Ready Reserve of the Armed Forces to Active Duty and Delegating Certain Authorities to the Secretary of Defense and the Secretary of Transportation 
By the authority vested in me as President by the Constitution and the laws of the United States of America, including the National Emergencies Act (50 U.S.C. 1601 et seq.) and section 301 of title 3, United States Code, and in furtherance of Proclamation 7463 of September 14, 2001, Declaration of National Emergency by Reason of Certain Terrorist Attacks, which declared a national emergency by reason of the terrorist attacks on the World Trade Center, New York, New York, and the Pentagon, and the continuing and immediate threat of further attacks on the United States, and in order to provide the Secretary of Transportation, with respect to the Coast Guard, with the authority to manage personnel requirements in a manner consistent with the authorization provided to the Secretary of Defense in Executive Order 13223 of September 14, 2001, it is hereby ordered as follows: 

Section 1. Section 5 of Executive Order 13223 is amended by adding at the end: "The Secretary of Transportation is further designated and empowered, without the approval, ratification or any other action by the President, to exercise the authority vested in the President by sections 123 and 123a of title 10, United States Code, and sections 149 (detail members to assist foreign governments), 275(a) (suspension of provisions on selection, promotion, or involuntary separation of officers), and 722 (administration of reserve forces) of title 14, United States Code, as invoked by section 2 of Executive Order 13223." 

Sec. 2. Section 7 of Executive Order 13223 is deleted and revised to read as follows: "Based upon my determination under 10 U.S.C. 2201(c) that it is necessary to increase (subject to limits imposed by law) the number of members of the armed forces on active duty for the Department of Defense beyond the number for which funds are provided in the appropriation Act for the Department of Defense, which, by virtue of 14 U.S.C. 652, applies to the Department of Transportation with respect to the Coast Guard, the Secretary of Defense and the Secretary of Transportation may provide for the cost of such additional members under their respective jurisdictions as an excepted expense under section 11(a) of title 41, United States Code." 

New Jersey

NJ Executive Order No. 11

Executive Order to Increase Energy Efficiency in State Government

TRENTON – April 22, 2006. Governor Jon S. Corzine today signed an executive order creating the post of Director of Energy Savings and outlined significant steps to increase energy efficiency in state government. The order was signed on Earth Day as part of the Governor’s continued dedication to preserving our natural resources in a responsible and practical manner.

The Director of Energy Savings will design and implement a program to increase efficiency, reduce usage, and improve the procurement of energy for the hundreds of facilities owned by the state. Currently New Jersey spends approximately $128 million on energy costs. Through energy audits, bulk purchasing of energy, increased use of Energy Star compliant products and implementation of energy efficient practices at state facilities New Jersey will save millions of dollars.

In addition to finding savings through energy efficiencies, the director will also take steps to establish New Jersey as a leader in its responsible stewardship of natural resources. Whenever possible the state will purchase products that are made from renewable materials and composed of low or no toxicity materials. Furthermore, all state brochures and pamphlets will be printed on recycled paper whenever possible.

Finally the director will work with state environmental and economic development agencies to promote economic development around renewable and advanced energy technologies. This will help to stem the flow of energy dollars to out-of-state entities and create local jobs. The new position will be appointed by the Governor and housed in the Department of Treasury

NJ Executive Order No. 54

Sweeping Reduction of Greenhouse Gas Emissions in New Jersey

TRENTON – February 13, 2007. Governor Jon S. Corzine today signed an Executive Order to adopt proactive and ambitious goals for the reduction of greenhouse gas emissions in New Jersey. The order specifically calls for reducing greenhouse gas emissions to 1990 levels by 2020, approximately a 20 percent reduction, followed by a further reduction of emissions to 80% below 2006 levels by 2050. New Jersey is one of the first states in the nation to adopt such aggressive goals. 

“Today we have taken steps to preserve our planet for our children and grandchildren by adopting aggressive goals for the reduction of greenhouse gas emissions,” Governor Corzine said. “In the absence of leadership on the federal level the burden has now fallen upon state executives and legislatures to lead the way on this issue and I’m proud that New Jersey is helping to blaze that trail.” 

To reach this goal, the Commissioner of the Department of Environmental Protection (DEP) will work with the Board of Public Utilities (BPU), the Department of Transportation (DOT), the Department of Community Affairs (DCA) and other stakeholders to evaluate methods to meet and exceed the 2020 target reductions. The DEP Commissioner will make specific recommendations to meet the targets while taking into account the economic benefits and costs of implementing these recommendations. This evaluation will be done in conjunction with the state’s Energy Master Plan, which will incorporate the new greenhouse gas reduction goal.

The order calls on the DEP to develop a 1990 greenhouse gas emission inventory as well as a system for monitoring current greenhouse gas levels so that progress toward goals can be accurately tracked. DEP will report progress towards the target reductions no less than every two years and if necessary will recommend additional actions to reach the targets. To further reduce emissions, the order calls for the Director of Energy Savings to develop targets and implementation strategies for reducing energy use by state facilities and vehicles fleets. 

“Global warming is the most urgent environmental challenge of our time, and Governor Corzine rose to that challenge today by establishing a firm, far-reaching, science-based commitment to reduce New Jersey ’s global warming emissions,” said Suzanne Leta Liou of Environment New Jersey. “His support for policies needed to achieve steep reductions will ensure New Jersey tackles this problem head-on and sets a vital precedent for strong national action.” 

The administration will call on other states to join in its efforts and will work closely with the Legislature to pass legislation to support and strengthen the targets set out in the Executive Order. Senator Barbara Buono (D-Middlesex) and Assemblywoman Linda Stender (D-Union) are currently working on a bill to accomplish that goal.

As a member of the Regional Greenhouse Gas Initiative, a cooperative effort of Northeastern and Mid-Atlantic states working to reduce carbon dioxide emissions, the Corzine Administration will set up a cap and trade program to help limit carbon dioxide pollution from electric power plants. Under this system power plants that exceed a predetermined level of carbon dioxide emissions will be required to pay a fee for each ton of carbon emitted over the limit. Governor Corzine will work with the Legislature to dedicate up to 100% of these funds to promote energy efficiency, renewable energy as well as other projects that benefit electric users. Senator Bob Smith (D-Middlesex) and Assemblyman John F. McKeon (D-Essex) are currently working on legislation to accomplish this goal. 

New Jersey State Programs

New Jersey Board of Public Utilities - Solar Renewable Energy Certificates

Solar Renewable Energy Certificates (SRECs) represent the renewable attributes of solar generation, bundled in minimum denominations of one megawatt-hour (MWh) of production. New Jersey’s SREC program provides a means for SRECs to be created and verified, and allows electric suppliers to buy these certificates in order to meet their solar RPS requirements. All electric suppliers must use the SREC program to demonstrate compliance with the RPS. New Jersey’s on-line marketplace for trading SRECs, launched in June 2004, is the first such operation in the world. The price of SRECs is determined primarily by their market availability and the price of the Solar Alternative Compliance Payment (SACP) for the state RPS. The SACP is effectively a ceiling on the value of SRECs because it is the per MWh payment that electricity suppliers must make if they fail to obtain enough SRECs to cover their RPS obligation.
http://www.njcep.com/srec
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ07F&re=1&ee=1
Grid-Connected Renewables Program
The New Jersey Grid-Connected Renewables Program offers competitive incentives for onshore wind and biomass electricity generation projects larger than 1 Megawatt (MW) connected to the electric distribution system serving New Jersey. Offshore wind, solar, and hydrokinetic projects are not eligible for the current solicitation, nor are landfill gas projects that inject gas into a natural gas pipeline (as opposed to generating electricity). 

http://www.njcleanenergy.com/files/file/program_updates/Renewable%20Energy%20Grid%20Connected%20-Final%202.pdf
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ31F&re=1&ee=1
Solar Energy Sales Tax Exemption

New Jersey offers a full exemption from the state's sales tax (currently 7%) for all solar energy equipment. While colleges and universities are tax exempt, it may still lower your cost if you are purchasing through an ESCO, or another payment program.  The installer will be able to take credit for this rebate. 

http://www.njcleanenergy.com/renewable-energy/technologies/solar/costs-incentives-and-savings/costs-incentives-and-savings
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ01F&re=1&ee=1
Clean Energy Solutions Capital Investment Loan/Grant Program

The New Jersey Clean Energy Solutions Capital Investment program is intended to provide grants and loans for end-use energy efficiency, combined heat and power (CHP), and state-of-the-art electricity production projects, including renewable energy projects that use Class I and Class II resources as defined under the state renewable portfolio standard (RPS). Eligible projects must have minimum capital equipment costs of at least $1 million, should create or maintain jobs in New Jersey, and meet N.J.A.C. 7:27D-2.2 regulatory requirements relating to project award criteria. Funding for the program comes from the New Jersey Global Warming Solutions Fund, which receives revenue from the sale of greenhouse gas emission allowances under the Northeast Regional Greenhouse Gas Initiative (RGGI). Proceeds may be used for the purchase of fixed assets and real estate.  

http://www.njeda.com/CESCI
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ28F&re=1&ee=1
New Jersey Customer-Sited Renewable Energy Rebates

New Jersey's 1999 electric restructuring legislation provides for investments in energy efficiency and renewable energy through a "Societal Benefits Charge" (SBC) collected from all customers of electric public utilities. In March 2001, the New Jersey Board of Public Utilities (BPU) approved funding for renewable-energy programs, including a customer-sited renewables rebate program for homes, businesses, institutions and non-profits.  The Renewable Energy Incentive Program (REIP) provides rebates that reduce the upfront cost of installing renewable energy systems like solar, wind, and sustainable biomass projects in New Jersey. The REIP program is part of the State's efforts to reach its Energy Master Plan goals of meeting 30 percent of electricity from renewable sources by 2020.
http://www.njcleanenergy.com/renewable-energy/programs/renewable-energy-incentive-program
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ04F&re=1&ee=1
New Jersey SmartStart Programs

The program is funded by the state Societal Benefits Charge (SBC), hence it is generally only available to retail electric and/or gas service customers of the following New Jersey utilities that collect the SBC: Atlantic City Electric, Jersey Central Power & Light, Rockland Electric Company, New Jersey Natural Gas, Elizabethtown Gas, PSE&G, and South Jersey Gas.* Customers that purchase only natural gas from a participating utility are only eligible to receive incentives for natural gas measures. The program requires participants to use an approved Program Partner (see website for a list of approved partners) in order to receive incentives.

New Jersey SmartStart Buildings - Direct Install Program

The Direct Install program offers turn-key energy efficiency solutions to qualified industrial and commercial customers with peak electricity demands of 200 kilowatts (kW) or less over the preceding 12 months. This program may provide incentives of up to 80% of the cost of energy efficiency retrofits such as the installation of energy efficient HVAC equipment, lighting, refrigeration equipment, motors, variable frequency drives, and natural gas equipment. Actual improvements are based on the results of an energy assessment. Incentives are capped at $80,000 per project and $250,000 per entity per year.

The program operates through a set of participating contractors who perform start to finish program services, including performing the initial energy assessment to identify equipment to be replaced; arranging for program approval of the chosen improvements; and performing the actual equipment replacement. The program website contains a list of participating contractors organized by the local area which they serve. After the completion of the project and approval from the program manager, the program manager will provide incentives directly to the contractor for up to 80% of the cost of the retrofit, whereupon the contractor will invoice the customer for the remaining balance. Customers must agree to allow the program manager to access the project site to perform pre- or post-award inspections. 
http://www.njcleanenergy.com/commercial-industrial/programs/direct-install
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ35F&re=1&ee=1
New Jersey SmartStart Buildings - New Construction and Retrofits

Incentives for new construction are only available for projects within New Jersey Smart Growth* areas while retrofit incentives are available to all commercial and industrial customers. Public schools are exempt from the Smart Growth requirement for new construction, as are building expansions and replacements that meet certain criteria. New Jersey SmartStart Buildings receives its funding through New Jersey's Societal Benefits Charge (SBC). The incentive offering is comprised of a combination of technical design assistance, prescriptive equipment rebates, and incentives for custom improvements that save energy.  

http://www.njsmartstartbuildings.com/
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ18F&re=1&ee=1
New Jersey SmartStart Buildings - Pay for Performance Program

The New Jersey Clean Energy Program (NJCEP) offers the Pay for Performance incentive program for energy efficiency improvements in existing buildings with an annual peak electricity demand greater than 200 kilowatts (kW). Prior to September 2009 the program was only available for existing buildings, but has since been expanded to include new construction projects with a minimum of 50,000 square feet of conditioned space. With certain exceptions, new construction projects must be located with a New Jersey Smart Growth Area* in order to qualify for incentives.  Public schools should also be exempt from this rule. 
Rather than offering specific rebate levels for specific equipment types, the Pay for Performance program calculates the performance incentive (Payments II and III below) as a variable $/kWh, $/therm, or $/sq. ft. incentive based on projected energy savings. Three separate payments exist based on the achievement of program milestones (described below). Incentive amounts are arrived at differently for existing buildings and new construction projects.
A. Existing Buildings
Incentive I: Completion of an approved Energy Reduction Plan that provides for a minimum source energy reduction of 15%. The incentive amount will equal $0.10/square foot of the project with a minimum incentive of $5,000 and a maximum incentive of $50,000, capped at 50% of the building's annual energy expenses. Participants must complete installation of the measures identified in the approved plan within 18 months or the incentive must be repaid. 
Incentive II: Installation of measures identified in the approved Energy Reduction Plan. The incentive amount for achievement of this milestone is $0.11-$0.13 per projected kWh savings and $1.10-$1.45 per projected therm savings. This portion of the incentive is capped at 30% of the total project cost.  
Incentive III: Verification of realized energy savings as a result of the installed measures. Achieving this milestone entitles the participant to collect an incentive of $0.07-$0.09 per kWh of electricity savings and $0.70-$1.05 per therm of natural gas savings. This portion of the incentive is capped at 20% of the total project cost.
Bonus Incentives: Incentives II and III are doubled for hospitals, 501 (c)(3) non-profits, public colleges and universities, affordable multifamily housing, and local governments that have not received direct Energy Conservation Block Grants (ECBG) if 20% or more source energy savings is achieved. The cap will also be increased so that incentives II and III combined do not exceed 80% of total project cost. 
B. New Construction or Substantial Renovations 
Incentive I: The approval of a complete Draft Energy Reduction Plan that provides for a minimum energy cost reduction of 15% compared to ASHRAE 90.1-2004 entitles the customer to an incentive equal to $0.10/gross heated square foot of the project with a maximum incentive of $25,000. The incentive is contingent upon the project moving forward with construction. 
Incentive II: The approval of a complete Proposed Energy Production Plan that meets the minimum 15% energy cost reduction performance target entitles the customer to an incentive of $0.50 per heated square foot. The incentive is contingent upon the project moving forward. 
Incentive III: The approval of a complete As-Built Energy Reduction Plan and Commissioning Report which verifies that the building equipment meets the minimum criteria entitles the customer to an incentive of $0.75 - $1.00 per heated square foot, depending on the actual expected energy cost savings. Incentives II and III combined may not exceed 75% of total project incremental cost. 
Bonus Incentives: Incentives II and III are doubled for hospitals, 501 (c)(3) non-profits, public colleges and universities, affordable multifamily housing, and local governments that have not received direct Energy Conservation Block Grants (ECBG) if 20% or more source energy savings is achieved. The cap will also be increased so that incentives II and III combined do not exceed 80% of total project cost.

Program participants may not receive incentives for improvements made prior to their enrollment in the program. Incentives are capped at $1 million per electric and gas account and $1 million per CHP system, for a potential Project cap of $3 million. For the five customer classes eligible for bonus incentives, total incentives will be capped at $2 million per site electric and gas account and $1 million per CHP system, for a potential Project cap of $5 million. 

Projects involving combined heat and power (CHP) are limited to $1 million per CHP unit per calendar year. CHP projects involve a separate application package and are governed by program rules and requirements in addition to those described above. Please see the program website or contact the program administrator for additional information on how this program works. The total 2010 revised budget includes roughly $5 million for new construction and $47.3 million for existing building retrofits.  

http://www.njcleanenergy.com/commercial-industrial/programs/pay-performance 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ27F&re=1&ee=1
Renewable Energy Manufacturing Incentives (for End-Use PV Installations) 

In September 2009 New Jersey opened the Renewable Energy Manufacturing Incentive (REMI) program, which provides rebates for homeowners and businesses that install renewable energy system components manufactured in New Jersey.* At present, the incentives are limited to photovoltaic system components -- modules, inverters, and racking systems -- but program managers intend to expand the program to cover eligible wind and bio-power equipment in the future.
Total incentives range from $0.05 - $0.55 per watt DC, depending on sector, system size, and the type(s) of eligible equipment incorporated into a system. The tables below summarize how incentives are calculated for different systems.

http://www.njcleanenergy.com/renewable-energy/programs/renewable-energy-manufacturing-incentive
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ33F&re=1&ee=1
PSE&G - Solar Loan Program

Public Service Electric and Gas (PSE&G) of New Jersey offers loans for "behind the meter" photovoltaic (PV) systems to all customer classes in its electric service territory. The program opened in April 2008 with a goal of installing 30 megawatts (MW) of customer-sited PV through the issuance of loans totaling $105 million. The initial program, termed Solar Loan I, was operating with a waiting list by July 2009 and a new program (Solar Loan II) was opened in December 2009 to provide additional loans of $143 million with a goal of supporting a further 51 MW of capacity.
The program will provide loans covering 40-60% of the cost of PV systems with the remainder to be financed separately by the customer. A loan term of 15 years is available to non-residential customers at an interest rate of 11.3092%. Residential customers are eligible for a loan term of 10 years at a 6.5% interest rate. The actual maximum loan amount is based on how much energy they system is expected to produce over the term of the loan. The program website contains a loan calculator tool for this purpose. Loans are only available to systems of 500 kilowatts (kW) DC or less that are eligible for net metering and to generate Solar Renewable Energy Certificates (SRECs) under state rules. 
Customers may repay the loan through cash payments or by signing over their SRECs to PSE&G. An SREC is equivalent to 1 megawatt-hour (MWh) of solar electric generation under the state trading system. The value of an SREC will vary according to market conditions, but may not fall below a basement price which varies by sector and system size, and declines over time. The basement price is set initially at $450 per SREC for residential systems; $410 per SREC for non-residential systems up to 150 kW; and $380 per SREC for non-residential systems larger than 150 kW. The floor prices are scheduled to decline every two quarters (semi-annually) to ultimate levels of between $330 to $400 per SREC for different sectors and system sizes.
http://www.pseg.com/home/save/solar/index.jsp
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NJ21F&re=1&ee=1
New Jersey SmartStart Buildings

Whether you’re starting a commercial or industrial project from the ground up, renovating existing space, or upgrading equipment, you have unique opportunities to upgrade the quality of the project. New Jersey SmartStart Buildings can provide a range of support - at no cost to you - to yield substantial savings, both now and for the future. Learn more about the following at: www.njsmartstartbuildings.com

· Project Categories 

· Design Support for Larger Projects 

· Technical Assistance for Smaller Projects 

· Custom Measures 

· Incentives for Qualifying Equipment and Projects 

· Program Terms and Conditions 

Smart-Growth Eligibility: Make sure your project is eligible for incentives. Incentives for new construction are available only for projects in areas designated for growth in the NJ State Development and Redevelopment Plan. Public school (K-12) new construction projects are exempted from this requirement and are eligible for new Program incentives throughout the State. 

Smart-Growth Registration: Register your project as soon as you know you will be doing a construction project, or replacing/adding equipment. Complete a Registration Form and submit it to a Program Representative. 

Please note: pre-approval is required for almost all energy efficiency incentives. This means that with few exceptions that you must submit a Registration Form and an Application Forms (and applicable worksheets) before any equipment is purchased.

New Jersey's Clean Energy Program

Administered by the New Jersey Board of Public Utilities, this program promotes increased energy efficiency and the use of clean, renewable sources of energy including solar, wind, geothermal, and sustainable biomass. The result for New Jersey is a stronger economy, less pollution, lower costs, and reduced demand for electricity. New Jersey's Clean Energy Program offers financial incentives, programs, and services for residential, commercial, and municipal customers. 

Today, New Jersey's Clean Energy Program is recognized as a national model for programs that spur market development and adoption of clean, renewable energy technologies, managing programs to encourage energy efficiency, and assistance for low-income consumers. In the year 2005:

· The clean energy programs saved enough electricity to provide the annual electricity requirements of approximately 50,000 homes in New Jersey and reduced electric demand by 450 megawatts (MW), eliminating the need to site, construct, and operate a mid-sized power plant. Click here for complete energy savings report..

· The combined emission reductions from New Jersey's Clean Energy Program were equivalent to taking 60,998 cars or 43,556 SUVs off the road for an entire year or planting 94,288 acres of trees. In addition to environmental benefits, these measures help improve our energy independence, provide for cleaner, healthier air, and create jobs for New Jersey.

· New Jersey emerged as the fastest growing solar market in the nation, having gone from 6 solar installations in 2001 to well over 1,500 today.

The New Jersey CleanPower Choice Program

The CleanPower Choice Program from the New Jersey Board of Public Utilities' Office of Clean Energy is a statewide program that allows you to choose clean, renewable sources of energy. By choosing CleanPower, you're choosing to support the generation of renewable energy sources that diversify our energy supply and help create a healthier environment. Solar power. Wind power. Low-impact or small hydro power. Landfill gas power. Clean power, that's good for the environment, good for the climate, and good for New Jersey.

When you make the CleanPower Choice, electricity is generated from clean, renewable energy sources located in New Jersey and the mid-Atlantic region. Importantly, the New Jersey Board of Public Utilities' Office of Clean Energy verifies that renewable energy is delivered into the Mid Atlantic power pool that serves your needs. The more people who sign up for the CleanPower Choice Program, the more renewable energy sources that will be added to the energy mix.

We've made choosing CleanPower easy. In fact, it's never been easier. You're all set to go - nothing needs to be installed and all that changes is that more clean and renewable energy sources are being used to meet New Jersey's needs.

And you'll still receive only one bill a month from your current electric company. Your renewable energy purchase will simply be a separate line item on your bill. Of course, you can always stop at any time or switch your CleanPower marketer at any time too. If you ever have a problem with your electric service, you still call your local electric company.

It's more important than ever to make the CleanPower Choice.

Diminishing resources, the increasing cost of fossil fuels and the impact on the environment make choosing CleanPower more important than ever before. Recent natural disasters and world events reinforce our need to tap into clean, renewable, and available energy sources.

For more information, you can also call the New Jersey Clean Power Choice Program at 1-800-515-5353.

New York

Executive Order No. 2

Establishing a State Energy Planning Board and Authorizing the Creation and Implementation of a State Energy Plan

Governor David Paterson issued Executive Order No. 2 on April 10, 2008, establishing a State Energy Planning Board to prepare a state energy plan. The last New York State Energy Plan was completed in 2002. The Executive Order calls for a draft plan by March 31, 2009, and a Final Plan by June 30, 2009. The New York State Energy Planning  Board, comprised of members of various state agencies, was created by the legislature to oversee the development and adoption of the Annual State  Energy  Plan. In 2002, the New York State Energy Plan helped spur the development of New York's renewable portfolio standard and greenhouse gas emission reduction goal. Included in the plan  were goals to improve the combined contribution of energy efficiency and renewable energy  in meeting the state's energy needs. 

Executive Order No. 4 

Green Procurement and Agency Sustainability Program

April 26, 2008 - Wrapping up Earth Week, Governor David A. Paterson signed an Executive Order today establishing a New York State “Green Procurement and Agency Sustainability Program,” to promote policies within State agencies and authorities that reduce the consumption of materials and energy and reduce potential impacts on public health and the environment. As a result, State agencies will purchase environmentally-friendly commodities, services and technology and develop sustainability and stewardship programs.

“It is critically important that the State of New York take the lead as steward of our environment,” said Governor Paterson. “Our State government is a major consumer of products and energy, and our policies should conserve our precious natural resources, protect the public health, and prevent pollution in order to improve the quality of life for all of New York State’s residents.”
The Executive Order will achieve its goals through three primary initiatives: an interagency committee, environmentally-friendly agency programs and policies, and training State employees to pursue their duties in a manner which is mindful of their impact on the environment.
Interagency Committee on Sustainability and Green Procurement:
The Governor has ordered the creation of an Interagency Committee on Sustainability and Green Procurement (“Committee”) to enhance interagency coordination in promoting “green” policies. The Committee will consist of the heads of State environmental, energy, economic development, transportation, budget, health, and operations agencies and authorities, and will be co-chaired by Commissioner of General Services John Egan and Commissioner of Environmental Conservation Pete Grannis. The Committee will work to ensure that State agencies have the direction they need to carry out environmentally-conscious purchasing, planning and contracting.
Sustainability and Environmental Stewardship Programs:
Each State agency and authority will develop and implement programs and policies that will promote environmental sustainability and stewardship. These programs and policies will focus on reducing potential impacts on public health and the environment, by supporting recycling, reducing or eliminating the use and generation of toxic substances, pollution and waste, increasing energy efficiency, and using renewable energy sources. In addition, when it is practical and cost efficient, State agencies and authorities will purchase 100% post-consumer content recycled paper for daily use and for publications. State agencies will also develop programs to separate recyclable materials in order to ensure efficient and effective materials recovery.
Executive Order No. 24 

Executive Order to Tackle Climate Change by Setting Goal of Reducing Emissions by 80 Percent by 2050

Requires a Climate Action Plan on How to Reduce Greenhouse Gases

August 6, 2009 - Governor David A. Paterson today signed Executive Order No. 24 setting a goal to reduce greenhouse gas emissions in New York State by 80 percent below the levels emitted in 1990 by the year 2050. The Executive Order also creates a Climate Action Council with a directive to prepare a draft Climate Action Plan by September 30, 2010. The Climate Action Plan will assess how all economic sectors can reduce greenhouse gas emissions and adapt to climate change, as well as identify the extent to which such actions support New York’s goals for a clean energy economy.
“Climate change is the most pressing environmental issue of our time. By taking action, we send a signal that New Yorkers will do our share to address the climate crisis and we will do it in a way that creates opportunities for innovation and entrepreneurship to flourish,” said Governor Paterson. “One way we will achieve this goal is by focusing our efforts on a clean energy economy that will create jobs for New Yorkers.”
This Executive Order will build on the progress the State has made to date. Governor Paterson has already taken a number of steps to address the climate crisis in New York through innovative, cost-effective policies and programs such as the award winning Regional Greenhouse Gas Initiative (RGGI), stricter automobile greenhouse gas emission standards and the “45 by 15” program for expanding efficiency measures and renewable energy. State programs and incentives are working in concert with federal efforts to increase the use of clean energy technologies and to promote emission reductions.
Future climate change will impose significant economic burdens on New York. Heat-related mortality in the New York City metropolitan region could increase by 47 to 95 percent when compared to 1990 levels. New York’s public drinking water supplies may also be compromised by changes in temperature and precipitation. In addition, a warmer climate will adversely affect the State’s crucial dairy production and crops, including grain, apples and potatoes, resulting in a potential increase in the cost of food.
Though it is anticipated that reductions in greenhouse gas emissions will be paramount, the Climate Action Plan will also include adaptation measures that will safeguard people, the environment and our infrastructure from expected climatic changes.
Momentum to address climate change is building at the federal level. President Obama has set a national goal of at least an 80 percent reduction in greenhouse gas emissions by 2050. The House of Representatives recently passed the American Clean Energy and Security Act, establishing a national climate program to reduce emissions by 83 percent below 2005 levels by 2050. Governor Paterson also urges the U.S. Senate to pass comprehensive climate and energy legislation.
The Climate Action Council will consist of the Commissioners of the Departments of Agriculture and Markets, Environmental Conservation, Housing and Community Renewal and Transportation; the President and CEO of Empire State Development; the Chair of the Public Service Commission; the Presidents of the New York State Energy Research and Development Authority, Metropolitan Transportation Authority, Dormitory Authority, the New York Power Authority and the Long Island Power Authority; the Secretary of State; the Director of the Budget; the Director of State Operations; and the Counsel to the Governor. The Director of State Operations shall serve as the Chair of the Council.
The Executive Order requires that the Council hold regional public comment hearings on the draft Plan and allow at least 60 days for the submission of written public comment. Thereafter, the Council shall prepare a final Plan which shall be reviewed and, if warranted, adjusted annually by the Council.

Executive Order No. 111 & 142
Energy Efficient and Environmentally Awareness
On March 20, 2008, Governor David A. Paterson continued both Executive Order No. 111, "Directing State Agencies, State Authorities, and Other Affected Entities to be More Energy Efficient and Environmentally Aware;" and Executive Order No.142," Directing State Agencies, and Authorities to Diversify Fuel and Heating Oil Supplies Through the Use of Biofuels in State Vehicles and Buildings." The directives were continued through Executive Order No. 1, "Continuation and Review of Prior Executive Orders." These Executive Orders continue New York's leadership as one the most aggressive states in the nation for addressing issues such as energy efficiency, renewable energy, green building practices, and alternate fuel vehicles. In both Executive Orders NYSERDA is identified as the organization responsible for coordinating and assisting other agencies and affected entities. 

Executive Order No. 111 also created an Advisory Council to assist NYSERDA in fulfilling the requirements of this order. The Advisory Council consists of: the President of NYSERDA; the Director of the Division of the Budget; the Commissioners of OGS, the Department of Environmental Conservation, the Department of Correctional Services, the Office of Mental Health, and the Department of Transportation; the Chairman of the Public Service Commission; the Chancellor of the State University of New York; the Secretary of State; the Chairman of the New York Power Authority; the Chairman of the Metropolitan Transportation Authority; the Executive Director of the Dormitory Authority; and the President of the Long Island Power Authority. The President of NYSERDA serves as the Chair of the Advisory Council. 

Executive Order No. 111 directed NYSERDA to issue a set of guidelines within six months from the issuance of the Order. The Advisory Council and several working groups were established to address issues and questions associated with the Order. These guidelines will be updated on an as-needed basis. 
New York State Programs

Solar Electric Incentive Program

It’s an innovative program from the New York State Energy Research and Development Authority (NYSERDA) that provides cash incentives for the installation of new Solar Electric or Photovoltaic (PV) systems by Eligible Installers.

http://www.nyserda.org/funding/1050pon.asp
NYS Bio-Fuel Station Initiative - Driving Energy Independence

Accelerating the installation of retail E85 and biodiesel service stations throughout New York. The goal of the program is to create an expanded network of stations for the public and private vehicles that are capable of being operated on these renewable fuels.

http://www.nyserda.org/funding/1093pon.asp
On-Site Wind Turbine Incentive Program

NYSERDA announces approximately $300,000 in incentives to encourage the installation of end-use wind energy systems for residential, commercial, institutional or government use. The incentives, of up to $25,000 per site, will be paid to Eligible Installers who install approved new grid-connected wind energy conversion systems using qualified equipment.

http://www.nyserda.org/funding/1098pon.asp
Fuel Cell Rebate and Performance Incentive

Under PON 1150 The New York State Energy Research and Development Authority (NYSERDA) offers incentives for the purchase, installation, and operation of customer sited tier (CST, also called "behind the meter") fuel cell systems used for electricity production. Because such systems will help fulfill the CST component of the state RPS requirement, eligibility for incentives is generally limited to customers who pay the RPS surcharge on their electricity bills. Exceptions to this rule may be made on a case-by-case basis for projects that demonstrate significant public benefits consistent with program objectives. There are no minimum or maximum size limits for projects, though incentives will generally be granted only for installed capacity not exceeding the customer's electrical load. Exceptions to this rule may be made on a case-by-case basis and participants are permitted to install excess capacity at their own expense. Systems purchased and installed prior to February 12, 2007 are not eligible to receive incentives under this program.  

http://www.nyserda.org/funding/1150pon.asp
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NY44F&re=1&ee=1
Innovations in Demand Response, Load Management and Dynamic Pricing

NYSERDA seeks proposals for the development, demonstration or technical (paper) study of innovative and cost effective technologies and techniques that can greatly expand the amount of NYS electric customers’ loads (kW) being managed for facility peak load reduction, participating in a demand response market or program and/or responding to a dynamic electric (kWh) price.

Electric loads that are automatically controlled as demand side resources, which are especially valuable in the NYC area (NYSIO Zone J), can help New York State reduce peak demand, price volatility and emissions, and increase grid reliability and the integration of renewables. The benefits of these innovations to NYS rate-payers will be increased opportunity to participate in demand response programs and demand charge and energy cost savings

http://www.nyserda.org/funding/1151pon.asp
Renewable, Clean Energy, and Energy Product Manufacturing Incentive Prog.
The New York State Energy Research and Development Authority (NYSERDA) seeks to expand the level of manufacturing of renewable, clean, and energy-efficient products in New York. This program invites proposals requesting funding to develop or expand a facility to manufacture eligible products. Incremental additions or modifications to existing manufacturing lines will not be considered.

http://www.nyserda.org/funding/1176pon.asp
PON 1219 - Existing Facilities Program

The New York State Energy Research and Development Authority's (NYSERDA) Existing Facilities Program offers incentives for a variety of energy projects including Pre-Qualified Measures and Performance-Based Incentives.
http://www.nyserda.org/funding/1219pon.asp
PON 1260 - Clean Energy Business Growth and Development

The New York State Energy Research and Development Authority (NYSERDA) seeks to support the growth and development of clean energy companies in New York State by supporting business activities that enable their expansion. Clean energy includes energy and power generation from renewable resources, as well as energy efficient technologies in the power generation, energy storage, transportation, industrial, or building sectors that use alternative fuels or reduce the consumption of fossil fuels and provide environmental benefits. These technologies may be full systems or components of systems.
http://www.nyserda.org/funding/1260pon.asp
PON 1501 - New Construction Program Financial Incentives

Incentives are available for the purchase and installation of energy-efficient equipment that reduces electric energy consumption in new and substantially renovated buildings.

http://www.nyserda.org/funding/1501pon.asp
RFP 1613 – PI Funding for SEP American Recovery and Reinvestment Act

This Request for Proposals (RFP) provides Statewide funding for the installation of energy conservation measures including: energy efficiency, renewable energy, and clean fleet projects. This program is made available as part of NYSERDA’s administration of the State Energy Program (SEP) funded by the American Recovery and Reinvestment Act (ARRA). Eligible Proposers include: municipal governments, public K-12 schools, public universities or colleges (including SUNY, SUNY community colleges, CUNY, and CUNY community colleges), public and private hospitals, and not-for-profits (defined as a Internal Revenue Code Section 501(c)(3) qualifying organization formed prior to February 17, 2009).
http://www.nyserda.org/funding/1613rfp.asp
PON 1746 - FlexTech Program

The FlexTech Program Opportunity Notice (PON) 1746 was formerly known as the Technical Assistance Program PON 1197. The FlexTech Program seeks customers interested in receiving cost-shared analysis of energy efficiency technical evaluations, process improvement analysis, peak-load reduction studies, energy procurement analysis, and development of peak-load curtailment plans (PLCPs) of their existing facilities as well as combined heat & power (CHP) and renewable generation feasibility studies for implementation within existing facilities.

http://www.nyserda.org/funding/1746pon.asp
PON 1816 - Workforce Development Training Partnerships for Energy Efficiency

The New York State Energy Research and Development Authority (NYSERDA) is seeking partnerships with eligible training entities to deliver energy efficiency training programs throughout New York State. The Program goal is to significantly expand the existing energy efficiency training infrastructure to serve the needs of the portfolio of programs funded through the Energy Efficiency Portfolio Standard (EEPS).

http://www.nyserda.org/funding/1816pon.asp
PON 1817 - Energy Efficiency Career Pathways Training and Technical Training

The New York State Energy Research and Development Authority (NYSERDA) is seeking proposals to meet New York State’s workforce training needs. Funding is available to facilitate workforce education within New York State in the area of energy efficiency. Proposers may develop and implement training initiatives as part of a career pathway (i.e., basic skills, technical skills, advanced skills), continuing education opportunity, college credit course, certificate program, two-year degree program, etc.

http://www.nyserda.org/funding/1817pon.asp
RFP 1909 – Tech. Services to Support Industrial and Process Efficiency Prog.

The New York State Energy Research and Development Authority (NYSERDA) requests proposals from firms interested in providing Technical Review Services for NYSERDA’s Industrial and Process Efficiency (IPE) Program.  Selected contractors will be required to complete several tasks including: reviewing technical studies, providing technical reviews of customer capital project plans, establishing project baselines, completing engineering analysis to determine energy savings, developing measurement and verification plans, performing on-site pre/post construction inspections, responding to customer inquiries, and ensuring program adherence.
http://www.nyserda.org/funding/1909rfp.asp
PON 2011 - Solar Thermal Training

The New York State Energy Research and Development Authority (NYSERDA) is seeking proposals to meet solar thermal workforce training needs under the Green Jobs Green New York Program. Funding is available in the amount of $300,000 to facilitate workforce education for solar thermal training in New York State, particularly through integration into current energy efficiency training and to expand the network of solar thermal training providers. Under this PON, training initiatives should be designed that can be developed and implemented as part of continuing education opportunities, college credit courses, certificate programs, two-year degree programs, webinars, etc.

http://www.nyserda.org/funding/2011pon.asp
NYSERDA - Energy $mart New Construction Program

The New York State Energy Research and Development Authority (NYSERDA) encourages the incorporation of energy efficiency and renewable-energy resources into the design, construction and operation of agricultural, commercial (wholesale/retail), industrial/manufacturing, institutional and multi-family buildings (5 units or more) through the Energy $mart New Construction Program. The definition of eligible applicants includes governmental entities, not-for-profits, health care facilities, K-12 schools, colleges and universities. Substantial renovations of existing buildings are also eligible for incentives under this program. Residents and businesses interested in participating in this program should first contact NYSERDA at (866) 697-3732. NYSERDA can walk potential participants through the process, and help them to better understand the incentive and how they can benefit from it. 
http://www.nyserda.org/programs/New_Construction/default.asp
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NY08F&re=1&ee=1
NYSERDA - Existing Facilities Program

The NYSERDA Existing Facilities program merges the former Peak Load Reduction and Enhanced Commercial and Industrial Performance programs. The new program offers a broad array of different incentives to electricity customers within the state that pay the System Benefits Charge (SBC). Natural gas customers of National Fuel that use less than 12,000 Mcf per year are also eligible for certain incentives. Energy service companies (ESCOs) that implement efficiency measures for eligible customers are likewise eligible. Both pre-qualified equipment rebates and performance based rebates are offered under this program, as described below.  

http://www.nyserda.org/Programs/Existing_Facilities/default.html
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NY46F&re=1&ee=1
NYSERDA - On-Site Small Wind Incentive Program

The New York State Energy Research and Development Authority (NYSERDA) provides incentives for eligible small wind systems. Incentive payments are not paid directly to the owner of the wind system. Instead, they are paid to eligible installers that have been approved to participate in this program, but the entire incentive must be passed on to the owner of the wind system by the eligible installer. Applications are limited to one per month per installation, company. This program is offered as part of the Customer-Sited Tier of the state renewable portfolio standard (RPS) program. Consequently, only customers of electricity distribution utilities that collect the RPS surcharge -- Central Hudson Gas & Electric Corporation, Consolidated Edison Company of New York, Inc., New York State Electric & Gas Corporation, National Grid, Orange and Rockland Utilities, Inc. and Rochester Gas and Electric Corporation -- and who pay the RPS surcharge on their electric bills are eligible for program incentives.  

http://www.powernaturally.com/Programs/Wind/incentives.asp?i=8
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NY35F&re=1&ee=1
NYSERDA - PV Incentive Program

The New York State Energy Research and Development Authority (NYSERDA) provides an incentive of $1.75 per watt (DC) to eligible installers for the installation of approved, grid-connected photovoltaic (PV) systems. The maximum capacity supported by the program is five kW for residential systems; 50 kW for non-residential systems; and 25 kW for non-profits, schools and municipalities. Larger systems are eligible for incentives, but incentives may only be received for installed capacity up to the program caps. Incentives are only available to eligible installers, and incentives must be passed on to customers. Once eligible, installers reserve incentives for approved systems for specific customers on a first-come, first-served basis for as long as funds are available. The goal is to increase the network of eligible installers across the state, offering customers a choice of qualified or certified installers in their area. 
http://www.powernaturally.org/Programs/Solar/incentives.asp
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NY10F&re=1&ee=1


Energy Efficiency and Financial Management Workshops

Free energy efficiency and financial management workshops are held throughout the service territories of the participating utilities (below). Cornell Cooperative Extension of Tompkins County is responsible for developing and delivering the workshops. Go to http://www.ccetompkins.org/EmPowerNY for a schedule of workshops. 

New York Energy $martSM

All New York Energy $martSM programs are funded by a System Benefits Charge (SBC) paid by electric distribution customers of Central Hudson, Con Edison, NYSEG, National Grid, Orange and Rockland, and Rochester Gas and Electric. NYSERDA, a public benefit corporation established by law in 1975, administers SBC funds and programs under an agreement with the Public Service Commission. 

New York Energy $martSM Programs are designed to lower electricity costs by encouraging energy efficiency as the State's electric utilities move to competition. The programs are available to electric distribution customers (residential, commercial, institutional, and industrial) who pay into the SBC. 

New York State Green Building Tax Credit Legislation Overview

Legislation passed in 2000, Part II of Chapter 63 of the Laws of 2000, establishes a Green Building Tax Credit to be allowable against various business and personal income taxes. The Green Building Tax Credit provides for tax credits to owners and tenants of eligible buildings and tenant spaces, which meet certain "green" standards. These standards increase energy efficiency, improve indoor air quality, and reduce the environmental impacts of large commercial and residential buildings in New York State, among other benefits.

Any comments or questions?
Contact us at: 625 Broadway, Albany, NY 12233-1750; 518-402-9469 (phone); 518-402-9168 (fax)

Municipal Waste Reduction and Recycling Program (MWR&R):
Capital Projects - DEC is authorized to provide State assistance for projects that enhance municipal recycling infrastructure through purchasing of equipment or construction of facilities. Some communities used funding to construct materials recycling facilities or state-of-the-art composting facilities. Other communities have been able to purchase recycling containers and new recycling vehicles with their MWR&R funding.  Recycling Coordinators - DEC is authorized to provide State assistance for Recycling Coordinator salaries and for public education programs conducted by municipalities. This funding can help expand local recycling and waste reduction programs and increase participation.

For general information about recycling, visit http://www.nyrecycles.org/
Municipal Landfill Gas Management Program
The New York State Department of Environmental Conservation (DEC) provides financial assistance for Municipal Landfill Gas Management projects that promote improved air quality at solid waste landfills and encourage energy recovery from landfill gas.  Funding for this program is provided from the Environmental Quality Bond Act of 1986, the Clean Water/Clean Air Bond Act of 1996, and the Environmental Protection Fund. (Note: This program shares funding with the Landfill Closure program.)State assistance grants will provide a maximum of 50% of total eligible project costs, or $2 million, whichever is less. 

For further information about the Municipal Landfill Gas Management state assistance program, contact the NYSDEC Bureau of Solid Waste, Reduction & Recycling.

New York City Greener, Greater Building Plan

PlaNYC sets a goal of achieving a 30 percent reduction in New York City’s annual greenhouse gas emissions below 2005 levels by 2030. Acknowledging that nearly 80 percent of our citywide emissions result from the energy that we use in buildings, we have set out to improve the energy efficiency of New York City’s buildings. In 2008, NYC began leading by example by producing a Long-Term Plan to Reduce Energy Consumption and Greenhouse Gas Emissions of Municipal Buildings and Operations, increasing the energy efficiency of dozens of city buildings, and working with institutions like universities and theaters to address their energy consumption as well.

Mayor Bloomberg and City Council Speaker Quinn asked the Urban Green Council (the U.S. Green Building Council of New York) to lead a Green Codes Task Force to develop specific recommendations to eliminate barriers to green construction and to require low-cost measures. 

To increase direct incentives for energy efficiency, the City has continued to advocate that the New York State Public Service Commission approve a full package of energy efficiency programs targeted at multi-family apartment buildings, rental properties, and large commercial buildings.

Introduced on Earth Day 2009 by the Mayor and the Speaker, the New York City Greener, Greater Buildings Plan will require ongoing efficiency improvements in existing large buildings, which consume nearly half of the city’s energy. 

On December 9, 2009 the City Council passed the legislative components of this six-part plan. By 2030, it is projected that 85 percent of our energy use will come from buildings that already exist today; as a result, we cannot simply rely on new buildings to be more efficient. To ensure that existing buildings become more efficient over time, the Mayor and the Speaker created a Greener, Greater Buildings Plan, consisting of the following six components:

A. New York City Energy Code
B. Lighting Upgrades and Sub-Metering

C. Benchmarking

D. Audits and Retrofits

E. Green Workforce Development Training

F. Green Building Financing 

For complete PlaNYC program details see:

http://www.nyc.gov/html/planyc2030/downloads/pdf/greener_greater_buildings_final.pdf
Puerto Rico
Puerto Rico Programs
Building Energy Efficiency Retrofit Rebate Program

The Building Energy Efficiency Retrofit Program offers rebates to commercial, non-profit, and governmental entities that engage in recommended energy efficiency upgrades after properly participating in a Facility Energy Audit. Energy Audits must be performed by a licensed professional engineer or registered architect. Applicants must submit the application form plus additional required documents to reserve the rebate prior to making any expenditures. Eligible project costs include the material and equipment for the energy upgrade, installation costs (as long as they are not building modification costs), and Facility Energy Audit costs.  

Information available at http://www.afi.gobierno.pr.

Sun Energy Rebate Program

The Sun Energy Program offers rebates to eligible homeowners, businesses, organizations, and governmental entities that properly install solar photovoltaic (PV) systems to produce electricity. Applicants must seek at least three quotes for their project from certified installers (see the EAA's website for a list). Applicants must submit the application form to reserve the rebate prior to making any expenditures. Eligible project costs include the solar PV equipment (excluding batteries), design and engineering costs, installation costs, and interconnection and permitting costs. No building-modification costs will be eligible.

More information available at http://www.afi.gobierno.pr.

Wind Energy Rebate Program

The Wind Energy Program offers rebates to eligible businesses, not-for-profits, and governmental entities that properly install wind systems to produce electricity. Applicants must seek at least three quotes for their project from certified installers (see the EAA's website for more information). Applicants must submit the application form to reserve the rebate prior to making any expenditures. Eligible project costs include the wind equipment (excluding batteries), design and engineering costs, installation costs, and interconnection and permitting costs. No building-modification costs will be eligible. 

For more information visit 
http://www.afi.gobierno.pr.
U.S. Virgin Islands

U.S. Virgin Islands Mandates

Mandate No. 1130 Energy Efficiency Standards

A. Each agency and instrumentality of the Government to the extent practicable shall design and construct buildings to incorporate energy-efficiency measures to optimize solar heating for water heating. This section applies to new residential facilities built using any portion of government funds or located on government lands.

B. Each agency and instrumentality of the Government shall purchase energy efficient equipment, such as “ENERGY STAR” products where available.

C. With regard to motor vehicles and transportation fuel, each agency shall:
1. purchase the most fuel-efficient vehicles that meet the needs of its activities;
2. promote efficient operation of vehicles;
3. the most appropriate minimum octane fuel; and
4. collect and maintain information on the performance of each vehicle regarding fuel-use in order to evaluate its efficiency.

D. Subject to the exceptions in subsection (d)(4), the Director shall establish regulations, prescribing criteria for prescribing performance and quality standards.

E. The Director may not prescribe performance and quality standards, unless the Director determines that there will be a reduction in fuel consumption as a result of such standards.

F. The Department shall assist any individual or business that intends to construct energy savings and renewable or alternative energy systems by expediting the permitting process; the Commissioner may waive any permit fees for the installation of solar energy, wind turbine, or any renewable or alternative-energy system.
U.S. Virgin Islands Programs

Energy Efficiency & Renewable Energy Rebate Program

The Virgin Islands Energy Office's renewable energy and energy efficiency rebate program provides incentives for Virgin Islands residents and businesses to install Energy Star appliances, solar technologies, and wind turbine generators. The current funding cycle (starting in October 1, 2009) is supplemented with funding from the American Recovery and Reinvestment Act. There are two sub-programs. The first, called "RENEWABLE & ENERGY STAR" is planned from October 1, 2009 to April 30, 2012. The second is the "RENEWABLES" program (for electric systems) and it is planned from October 1, 2009 to September 30, 2010. In both cases, the programs may close earlier if funding is exhausted. To be eligible for these rebates, the equipment must be purchased from one of the approved vendors listed in the program details. 

Contact, Virgin Islands Energy Office at 340-73-1082 Ext. 2201 as well as http://www.vienergy.org.
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[image: image9.jpg]


Process and Strategies

PART 1
GENERAL

With this new edition of the NJHEPS Sustainable Design Guidelines, the “integrated design process” to design High-Performance (often LEED) new buildings or renovations has not changed fundamentally as discussed below. Mostly high-performance sustainable design requires communication among experienced, creative professionals in a timely way, and the understanding that if things are left to “fall-through-the-cracks” they will. Moreover, the more experience that one has with the high performance building process, the more one usually respects it and is attentive.

However, the climate-senstive application of these Guidelines has become more sensitive since they will now will be utilized throughout US EPA Region 2.  As such these Guidelines not only cover the variations of New Jersey – but also address the much more extreme cold of northern New York, and the tropical clime and solar factors of Puerto Rico and the U.S. Virgin Islands.

Interest in sustainable design ,and strategic plans for sustainable design are taking shape throughout USEPA Region 2. For example, plans for San Juan, Puerto Rico have been unveiled to make it a much more “walkable” city. It’s all part of a massive plan that will improve mass transit, create new roads and intersections, and improve beach access.
In all locations, a key part of sustainable design is always understanding and working with: the local climate; urban/suburban/rural context; energy availability and cost; material resources; etc.

These Guidelines are intended to provide comprehensive assistance for achieving high performance design for new campus construction and renovation projects. Substantial guidance now exists on how to institute a green construction process and project with the US Green Building Council’s recently updated LEED-2009 (Leadership in Energy & Environmental Design) rating systems setting a significant standard. These Guidelines, however, are not primarily geared toward earning LEED points and attaining certification. Instead they offer comprehensive advice on the many aspects of implementing holistic “green” sustainable design that can be applied as appropriate for a particular campus application.

1.1
Integrated Design Process
High performance building design is best achieved through a collection of “best practices” and through an integrated team approach to design and construction. In the integrated design process, invites designers from all the disciplines - civil, landscape, architectural, mechanical, structural, lighting, electrical, plumbing, interior design, etc. interact and contribute their expertise to design decision-making. Beginning at project inception, and continuing at key points in the project’s development, a multi-stakeholder team can create effective design solutions that bring far-reaching benefits and achieve truly beneficial synergies. 

True design integration, acknowledges that natural resources and the local environment should affect a building’s shape, orientation, materials and technologies. In today’s facilities, design teams can minimize the disjunction between mechanical systems and the natural environment, and can maximize effective daylighting, passive solar heating and natural ventilation.

For example, properly positioned horizontal light-shelves bounce daylight deep into the building interior and also provides shading. The bounced natural light reduces the amount of electric lighting, which in turn reduces the building’s cooling needs during peak electrical demand periods. The savings from a smaller cooling system then helps to pay for light sensors which turn -off or dim electric lights only when daylight permits. The desirable outcome, frequently achieved by a combination of various strategies, is higher environmental performance at a comparable first cost, producing a long-term stream of ongoing operating savings.  In the more northern climates of New Jersey and New York (NJ/NY), the use of light shelves is most beneficial on generally south-facing facades. In Puerto Rico and the Virgin Islands (PR/VI), however, the sun at 18 degrees north latitude is an extremely important design factor on east and west facades as well.

Comprehensive computer energy modeling tools (such as the Department of Energy’s DOE 2) can predict these potential energy savings very accurately and very early in the design process, by factoring in detailed building design information (e.g., building massing, orientation, and daylighting) along with climate data (including applicable sun angles), mechanical system information and operational schedules. These computer modeling tools allow for quick “what-if” explorations of design alternatives for the building envelope and mechanical systems by predicting energy use of various alternatives in combination, allowing the team to hone in on the most cost-effective combination of strategies.

An essential step for a sustainable design project is to form a workable and enthusiastic design team consisting of all pertinent disciplines and involved parties. With the team in place, common goals for the project can be set. Then, an agreed-upon means of achieving all of the goals, with benchmarking, can be established.  To achieve this:

· Conduct one or more "green design" workshops or charrettes to facilitate dialogue between the design team and the owner. Prepare a program matrix based on environmental criteria for each occupied and/or conditioned space in the project.

· Agree on goals and a performance plan for the high performance building. An integrated approach must be used since the design disciplines will affect each other. 

· Establish a performance plan will include all energy performance targets for the project and strategies deemed appropriate for the project. At this point, reference to LEED credits can be included if pursuing an accreditation (see 1.2 below).

· Annotate the performance plan during the design process to provide a complete record of the design decisions affecting the environmental performance of the building.
· Do not assume that the intended “Green” design is assured just because the drawings are complete. Proper requirements must be incorpoarted into the bid documents, and then all aspects of the construction procedures.
· Update the performance plan at each milestone review. Consultants are required at this time to provide a written record as prescribed in the performance plan, which explains deviations, compromises, plans to exceed goals, etc., so that the document can serve as a management tool and shared record of design decisions.
1.2
Leadership in Energy and Environmental Design (LEED-2009)

The updated Leadership in Energy and Environmental Design (LEED-2009) Green Building Rating System, developed by the U.S. Green Building Council (USGBC), provides a checklist of design strategies and credits for environmentally-sustainable construction. The USGBC, which represents every sector of the building industry created LEED to:

· Define "green building" by establishing a common standard of measurement 

· Promote integrated, whole-building design practices 

· Recognize environmental leadership in the building industry 

· Stimulate green competition 

· Raise consumer awareness of green building benefits 

· Transform the building market 

The following LEED Rating Systems are available, many of which may have applicability for the wide diversity of campus buildings.  See www.usgbc.com for details.
LEED for New Construction and Major Renovations is designed to guide and distinguish high-performance commercial and institutional projects. 

Existing Buildings: Operations & Maintenance 

LEED for Existing Buildings: Operations & Maintenance provides a benchmark for building owners and operators to measure operations, improvements and maintenance. 

Commercial Interiors 

LEED for Commercial Interiors is a benchmark for the tenant improvement market that gives the power to make sustainable choices to tenants and designers. 

Core & Shell 

LEED for Core & Shell aids designers, builders, developers and new building owners in implementing sustainable design for new core and shell construction. 

Schools 

LEED for Schools recognizes the unique nature of the design and construction of K-12 schools and addresses the specific needs of school spaces. 

Retail 

LEED for Retail recognizes the unique nature of retail design and construction projects and addresses the specific needs of retail spaces. 

Healthcare 

LEED for Healthcare promotes sustainable planning, design and construction for high-performance healthcare facilities. 

Homes 

LEED for Homes promotes the design and construction of high-performance green homes. 

Neighborhood Development 

LEED for Neighborhood Development integrates the principles of smart growth, urbanism and green building into the first national program for neighborhood design. 

Under LEED, credits are earned by achieving specified results through generally accepted energy and environmental design principles and strategies. LEED is organized into five basic categories. The categories are:


Sustainable Sites 


Water Efficiency 


Energy & Atmosphere


Indoor Environmental Quality


Materials & Resources.

Exemplary Performance (over-achievement of credits) and Innovation in Design strategies (not delineated in basic LEED credits) also can earn points – as can achievement of Regional Priority points which are targeted for each zip code (including 006XX through 009XX in Puerto Rico & the U.S. Virgin Islands. 

Graduated levels of certification under each LEED rating system type are available. The certification levels are: 


Certified (minimum Certification level) 


Silver 


Gold 


Platinum (maximum Certification level)

LEED certification, and the documentation it requires, provides a high degree of certainty that green standards have indeed been met. A LEED -certified building can serve as an on-campus showcase. 

The following Table indicates how the various MasterFormat 2004 Divisions can assist in attaining individual credits in the five major categories under LEED-2009 (New Construction). See Division 2 for a similar Table representing LEED-2009 EBOM (Existing Buildings).

Please use these LEED tables as a starting point only for a particular project.  First, realize that the LEED rating systems were originally conceived with regard to suburban office buildings,  Therefore, many credits will not easily comply for other building types.

Location is also fundamental to many LEED credits. Projects in more urban areas are more likely to achieve points as follows:  SS2 - Development Density; SS4 - Alternative Transportation; and MR2 - Construction Waster Management. The use of construction materials that comply with MR and EQ credit requirements may be complicated by the remote island locations of PR/VI.

Table: LEED-2009 Green Building Design And Construction
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PART 2
OVERVIEW OF MAJOR TECHNICAL STRATEGIES

This Part 2 has been predominantly written for design in the temperate and cold climates of New Jersey and New York (NJ/NY).   In Puerto Rico & the U.S. Virgin Islands (PR/VI), a premium must be placed on cooling, sun control, reduction of lighting and other internal heat gains, and consideration of natural ventilation. The non energy-related strategies described below are generally applicable to all climates except where noted

2.1
Campus Planning and Site Design Considerations

Taking advantage of the physical features of the building site and microclimate will reduce heating and cooling loads and lower overall energy consumption. Together with other passive solar and integrated design strategies, site selection, building configuration, and orientation can significantly reduce the size and cost of mechanical systems, or even eliminate their need – especially in PR/VI
A. Urban Expansion: Whenever possible, consider the development of campus expansions in urban areas. This will minimize extension of infrastructure and use of private automobile transportation.

B. Site Selection: Do not encroach upon wetlands, flood plains or other environmentally sensitive lands. Preserve and/or restore habitats of greenbelts, wildlife and stream corridors. 

C. Topography: In NJ/NY, when topography is conducive, berm the building into the earth to provide additional insulating value and consistent temperatures.

D. Trees: Consider the location of existing and proposed trees. For example, in NJ/NY determine whether it is advantageous for deciduous trees to block summer sun to the South and West, and evergreens to block winter wind to the North. Do not place trees where they will adversely affect. daylighting or the use of PV systems that require abundant sun throughout the year.  Use local trees and plantings in PR/VI for shading and to promote natural cooling.

E. Wind/Breezes: In cold climates, protect the building from prevailing winter winds if possible. Conversely, attempt to take advantage of summer breezes for natural ventilation by carefully locating windows (e.g., inlets and outlets).  Year-round utilization of breezes is often advantageous in PR/VI.

F. Open Space: Preserve existing open spaces to the greatest extent possible. Site new buildings to help define open spaces and reinforce pedestrian circulation on campus relating to the geometry of adjacent structures and visual axes. Consider land use patterns in relation to siting of buildings, and/or environmentally sensitive spaces and campus circulation systems. Whenever possible, reinforce park-like campus settings in conjunction with the development of open spaces and reinforcement of pedestrian-friendly environments including the development of nature trails.

G. Site Disturbance: Limit "greenfield” site disturbance (including earthwork and clearing of vegetation). On previously developed sites, restore a large portion of the site area by replacing impervious surfaces with native or adaptive vegetation.

H. Landscaping: Develop a campus landscaping plan based on an ecological approach, emphasizing the use of native plants, plant diversity, natural ground cover care, and resource conservation. Use vegetation that is drought-tolerant.  Preserve existing vegetation, especially groups of plants or significant specimens wherever possible. Design for plant survival since many landscape areas on campuses can be destroyed by intensive use. Consider the use of rain-water irrigation systems. 

I. Impervious Surfaces: Minimize impervious surface areas such as roofs, driveways, sidewalks, and streets, which increase stormwater runoff. This increased stormwater runoff often results in increased erosion and increased sediment in nearby waterways. Additionally, as stormwater flows over roofs, parking lots, and playing fields, it collects pollutants, such as oil, and dirt which often discharge directly into waterways.

J. Storm Drainage: Protect and restore natural storm drainage systems and bodies of water. Implement embankment stabilization and soil erosion control measures to reestablish natural water bodies. Restore natural vegetative state and minimized reliance on manicured lawns in the vicinity of river/stream banks. Minimize runoff to natural waterways.

K. Campus Circulation: Optimize campus circulation systems by providing, or enhancing existing pedestrian and bicycle networks; specifically, plan and design walkways and bicycle-dedicated paths as convenient means of routes to all campus destinations. Support use of bicycles by improving vehicular traffic safety on and near-campus. Furnish conveniently situated bicycle racks, showers, and changing facilities.

L. Parking: Consider sharing parking facilities with neighboring facilities. Excess parking spaces encourage increased automobile use, contribute to urban heat island effects, and can increase pollution from stormwater runoff. Consider designing overspill parking areas with pervious paving.

M. Preferred Parking: Seek creative parking solutions to reduce pollution and land development impacts from single occupancy vehicles. Offer preferred site parking for hybrid and alternative fuel vehicle owners. 

N. Carpooling: Support the practice by designating preferred parking areas for high-occupancy vehicles. 

O. Alternate Fuel Vehicles: Promote the use of alternative fuel vehicles to reduce pollution and land development impacts from automobile use. Consider providing alternative fuel refueling/charging stations. Investigate the costs and benefits of sharing refueling stations with neighbors or other institutional or governmental agencies. 

P. Mass Transit: Encourage the use of mass transit; provide conveniently located pedestrian access from campus nodes to mass transit stations and/or stops located on the campus perimeter; provide campus shuttle bus service from mass transit hubs to key campus nodes. 

2.2
Building Envelope

An appropriate assembly of wall, roof, and window materials will provide good moisture control, while enabling comfort and reducing building energy use. A good envelope also harnesses natural energy through effective use of passive solar and daylighting techniques.

A. ‘Air-lock’ entrances: Reduce heat loss during winter and preserve air conditioning in the summer through use of double doors.

B. Glazing: Regulate solar impact through appropriate use of fenestration and shading devices. A common, and highly effective approach in this climate, is to specify glazing with low emissivity (low-e) coatings and high R-values. Glazing with a high transmission toward visible radiation (Tvis) and a low solar heat gain factor (SHGF) should be used in buildings where use of daylight is desired.

C. Shading: In norther climates, effective strategies include vertical fins on east and west facades and overhangs on the south side. Trees, brise-soleils, and deep window insets can also be used to conserve energy. These strategies are often developed in conjunction with the use of daylight to reduce the negative impact of glare.  In the tropics, the use of shading devices should be incorporated into most projects – remembering of course, that the east, west and even north facades of buildings need much more protection than at northern latitudes like New Jersey and New York.

D. Insulation: Consider enhancing the amount of insulation in the building shell above code requirements. Reducing heating and cooling loads is a key to “right-sizing” HVAC equipment such as boilers and chillers. Computerized energy modeling can assist in this important decision making process.

E. Envelope detailing (cold climates): The building envelope must be carefully designed to prevent intrusion of water and to drain it out if intrusion should occur. It must also incorporate barriers that control vapor and air infiltration. Avoid detailing that results in “thermal bridging” through conductive building elements.

F. Roof color (albedo): Use light-colored, reflective roof surfaces to reduce cooling loads and diminish the urban heat island effect. ENERGY STAR compliant roofs are eligible for a LEED credit.  Remember that the sun is passing almost directly over the roof in tropical climates much of the year.

G. Thermal Mass: Moderate interior temperature extremes through the use of thermal mass where appropriate. A building’s thermal mass is contained in materials such as masonry and concrete that have the capacity to store and release heat as interior and exterior temperatures fluctuate. Building mass can, therefore, function as a kind of thermal flywheel.

H. Natural ventilation: A primary stategy for consideration in tropical climates.  Consider integrating natural ventilation strategies in the design of HVAC and exterior windows to reduce reliance on mechanical ventilation during swing seasons. Interlock mechanical system with the natural ventilation system so that when natural ventilation is being used the mechanical cooling system will not operate. This type of cooling is termed a “hybrid” system.

I. Stack Effect: Convective heat loss occurs because of pressure-driven and unplanned air flows. To reduce stack effect, seal cracks between floors, stairwells, corridors, and elevator shafts.

2.3
Passive Solar Heating Design

Passive solar design begins with the design of a tight envelope to minimize thermal loss through conduction and infiltration. Then the design can be optimized to collect and store solar heat. Massing, orientation, U-value, thermal mass, reflectance, glazing and fenestrations, and detailing are all vital considerations in Passive Solar Design.  This Section 2.3 applies to cold climates only.

A. Orientation: Ideally the best orientation of the long axis of a building in New Jersey should be within about 15 degrees of true south. Limit east and west facing glazing (especially west due to afternoon peak cooling loads). 

B. Solar Angles: The entry of sunlight over the course of the year has important implications on design strategies and performance. Solar angles depend upon the latitude of building, which ranges from: 39 to 41 degrees N for New Jersey;  and 40 to 44 in New York.

C. South-facing spaces: The collection of direct solar gain should be evaluated for all spaces that are generally south-facing. Properly sized fenestration, thermal mass and shading will be needed. High performance glazing and shading devices should be considered to admit or control solar gain during the appropriate seasons. Spaces that receive direct solar gain are subject to sun glare and potential fading furnishings. The use of direct solar gain in commercial buildings is best for spaces such as lobbies or circulation space where glare is much less of an issue. 

D. Ground Coupled Cooling: This strategy uses the earth’s consistent temperature in a specific location to provide cool air when outside air temperatures are high. Be sure to consider condensation issues and design to avoid moisture problems.

E. Thermal mass: If thermal mass is allowed to cool at night, it will absorb heat during the morning and reduce the cooling load for the day ahead. If the interior thermal mass is exposed to sunlight, it will warm during the day and release the heat at night. The use of thermal mass for cooling is best achieved in hot-dry climates such as Phoenix, not anywhere in EPA Region 2. Heavy walls, roofs, and floors have more thermal mass than light ones. Typical thermal mass systems and elements include CMU, concrete, tile, brick and stone.

F. Time Lag: Mass both delays and dampens heat transfer. The time lag between peak outdoor temperature and interior heat transfer can vary from instantaneous to 12 hours depending on the heat capacity of the construction. For buildings (like some university buildings) that are generally not heated or cooled at night, delaying heat transfer can be just as effective as reducing it.

G. Computer modeling: Perform energy modeling to determine performance of passive solar heating designs. Determine space temperature control through use of thermal mass. High performance glazing systems may control several variables as they relate to heat loss, solar gain and daylighting.

2.4
Daylighting/Sun Control  (Complete re-review from here)

Controlled daylighting should be incorporated into the building whenever possible as the preferred mode of interior illumination and to reduce the lighting load and operating costs. Electricity is the most expensive forms of energy used on most campuses: electricity, and the charges associated with electrical peak demand.  This Section 2.4 is applicable to all climates.
A. Shape: Optimize the shape of the building to use daylight. Incorporate courtyards, light wells or other daylight-enhancing techniques to bring light into the interior. 

B. Maximize Natural Daylight: Maximize daylight through location and size of windows, roof monitors and skylights, and through use of glazing systems and shading devices appropriate to orientation and space use. Daylighting design involves consideration of many variables in order to provide the proper quantity and quality of light.

C. Determine for which spaces that daylighting and line of sight to the outdoors is of value. In order to afford occupants with views to the outdoors, provide vision glazing at the appropriate height. Consider the effect of solid interior walls that may obstruct views from spaces deeper within the structure. Where possible, achieve a minimum daylight factor of 2% (excluding all direct sunlight penetration) for most occupied spaces (see LEED EQ credit 8). 

D. Light Shelves: Consider the use of interior and/or exterior light shelves especially on south-facing windows to reflect daylight deeper into a building and to also shade glass area below. Light shelves on east or west facades may also be desirable if coupled with shading of glass areas below. Light shelves on north facades can even be considered for some building types in the tropics.. 

E. Exterior Shading: Provide exterior shading devices (overhangs, vertical fins, projecting light shelves, etc.) where solar gain and direct light is unwanted. Overhangs are most effective above south-facing windows. Fins, or other vertical shading devices are most effective on east and west facades – particularly important for low latitude locations such as Puerto Rico & the US Virgin Islands.

F. Clerestories: High clerestory windows, which are almost always preferable to overhead skylights in commercial buildings, provide deep daylight penetration especially for spaces where it is important to preserve useable wall space, e.g. libraries. 

G. Glare: Design to avoid glare. The use of sun-controlled top lighting such as roof monitors may allow for a more even distribution of daylight within classrooms, libraries, gymnasia, and other campus and institutional spaces.

H. Interior Spaces: Consider light tubes for top lighting in areas with relatively deep roof cavities (such as hung ceilings) to transmit natural light to interior spaces not reachable by other means of daylighting. Light tubes can serve as uplifting retrofits for existing spaces that would otherwise be naturally dark.

I. Light Controls: Coordinate photocell-dimming sensors and occupancy sensors to adjust electric lighting to respond to the amount of natural light available. Wire light fixtures, where applicable, parallel to the window walls so that they can be dimmed or turned off row by row. 

J. Computer Modeling: Perform computer modeling to evaluate the impact of daylight entry into key spaces as well as the related energy impacts. Attempt to harvest light without also bringing unwanted solar heat gain into the building.

2.5
Interior Layout/Spatial Design

An appropriate layout of program spaces will help reduce energy consumption and often will also reduce heating and cooling loads and the size and cost of mechanical systems.

A. Programming: Group similar program functions in order to concentrate similar heating/cooling demands and simplify HVAC zoning loads. Determine optimum locations within the building for particular space needs so as to take advantage of microclimate conditions (i.e., cooling breezes) and building orientation.

B. Circulation Zones: Design public areas and circulation zones to serve as thermal collectors and buffers. People occupying these spaces can accept a wider range of temperature swings based on limited duration of occupancy.

C. Stairs: Provide inviting, pleasant staircases to encourage their use rather than elevators in low-rise buildings.

D. Non-windowed spaces: When using passive solar design for heating, non-windowed spaces should be located on the north side against the exterior wall to create a thermal buffer for the main functions on the south side.

E. Natural systems: Whenever possible, configure occupied spaces to optimize natural ventilation and daylighting. In general, locate open occupied spaces adjacent to exterior windows and use borrowed light for interior spaces. Specify low partitions in office areas adjacent to window walls to enhance penetration of daylight to interior and to increase visual connection to the outdoors. On renovation projects, retain existing features that lend themselves to efficiency strategies such as natural convection, air circulation, building mass as a thermal flywheel, natural daylighting techniques, and others.

2.6
Materials and Resources

Selecting materials and products for high performance buildings involves consideration of environmental and health issues in addition to more traditional criteria such as cost, durability, performance, and aesthetics. While methods for evaluating products based on these criteria are still evolving, the number of available building products with improved environmental and health characteristics has been steadily increasing. Design team members should have a working knowledge of the key health and environmental issues associated with specific material types along with familiarity with issues of embodied energy and life cycle assessment.

A. The use of local materials is environmentally sound, and generally advantagous economically as well.  This is particularly true for Puerto Rico & the US Virgin Islands where the import of materials generally increases transportation energy use, and material cost.

B. Select durable materials with a long usable life appropriate for the type of on-campus traffic to be encountered. 

C. Carefully evaluate existing buildings on campus before assuming that it is better or less expensive to simply replace them.

D. When a building on campus is demolished or “deconstructed” often there are materials to salvage including matches for other items elsewhere on campus.

E. The importing of salvaged materials should also be considered, especially if materials or items of a local nature are available.

F. Select materials that use resources efficiently and can be recycled. Today, materials are produced by efficient and forward-thinking manufacturing processes. And more and more, manufacturers (i.e., carpet and ceiling tile manufacturers) realize that they themselves have the best use for their recovered materials.

G. Select recycled-content materials. Recycled content is an important feature of many green products. From an environmental standpoint, post-consumer is preferable to pre-consumer recycled content, because post-consumer recycled materials are more likely to be diverted from landfills. Pre-consumer (also called “post-industrial”) recycling refers to the use of industrial by-products. Iron-ore slag used to make mineral wool insulation, and fly ash used to make concrete are examples of post-industrial recycled materials. 
H. Select products and materials with low toxicity. "Source control" is a key part of designing a building for acceptable indoor air quality. Select building products that do not have noxious or irritating odors. Find environmentally-preferable alternatives for materials that contain urea-formaldehyde that also must perform other required functions such as holding door hardware.
I. Consider the use of materials with low embodied energy. The embodied energy of a material involves many factors including: extraction of the raw material, manufacturing and transportation.

J. Select materials which do not require toxic or hazardous cleaning products. There is little point to carefully select low-toxicity materials for a building and then allow for the indoor air to be filled each night with objectionable or irritating fumes from cleaning products.

K. Select products and equipment that save energy during building operations. Sometimes material selection is a balancing act. Foam insulations, for example, are typically the most resistive to heat loss per inch of thickness. However, some foams also have manufacturing issues that are not as favorable environmentally as other less insulating materials.

L. Recycle or reuse construction waste (see Division 1).

M. Building for Environmental and Economic Sustainability (BEES): Now Version 4.0, a powerful software for selecting cost-effective, environmentally preferable building products. Developed by the National Institute of Standards and Technology (NIST) Building and Fire Research Laboratory with support from the US EPA Environmentally Preferable Purchasing Program, the tool is based on consensus standards and designed to be practical, flexible, and transparent. Version 4.0 of the Windows-based decision support software, aimed at designers, builders, and product manufacturers, includes actual environmental and economic performance data for over 200 building products. BEES measures the environmental performance of building products by using the life-cycle assessment approach specified in the ISO 14040 series of standards. All stages in the life of a product are analyzed: raw material acquisition, manufacture, transportation, installation, use, and recycling and waste management. Economic performance is measured using the ASTM standard life-cycle cost method, which covers the costs of initial investment, replacement, operation, maintenance and repair, and disposal. Environmental and economic performance are combined into an overall performance measure using the ASTM standard for Multi-Attribute Decision Analysis.

2.7
Indoor Environment Quality (IEQ)

Indoor Environment Quality (IEQ) includes indoor air quality (IAQ), acoustics, lighting quality, and thermal comfort. The benefits of a well-designed building which optimizes IEQ may include improved user performance, reduced absenteeism, fewer distractions, and even better professor and staff retention rates. Siting issues will affect daylighting potential and acoustics. Building envelope design will affect thermal comfort, daylighting, and indoor air quality. Specification of building products will affect all aspects of IEQ. The construction process and the a buildings O & M procedures also affect IAQ.

A. Source control: Elimination of polluting sources is a key part of designing a building for acceptable IAQ. For example, select building products that do not have noxious or irritating odors; install permanent entryway systems (grates, grilles and mats) at entrances to catch and hold dirt; and design the HVAC system to isolate special uses (i.e., chemistry and biology laboratories, copy rooms, janitorial closets, and cafeteria kitchens) from other occupants. 

B. Construction Management: Implement a construction management program to protect building materials and the ventilation system from contamination. If an occupied building is being renovated, consider isolating and negatively pressurizing the construction area to minimize dust, fumes, or odors.

C. Materials: Limit the use of volatile organic compounds (VOCs) in such products as cleaners, paints, sealants, coatings, and adhesives. Avoid products containing formaldehyde, i.e., carpet, wall panels, cabinetry. 

D. Noise: Minimize noise through the use of sound-absorbing materials, high sound transmission loss walls, floors, and ceilings, and equipment sound isolation.

E. Radon: In areas where it is prevalent, include measures to control and mitigate radon. Radon is a radioactive noble gas that is formed by the decay of radium, radon is one of the heaviest gases and is considered to be a health hazard. Radon is a significant contaminant that impacts indoor air quality worldwide. Radon gas from natural sources can accumulate in buildings and drinking which may cause lung cancer..

F. HVAC: Design cooling tower and building air intake placement so air discharged from the cooling tower (or evaporative condenser) is not directly brought into the facility's air intake. Improve thermal comfort through use, for example, of access floors with displacement ventilation. HVAC systems need to be commissioned to ensure that they operate and perform as designed.

END OF DIVISION
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DIVISION 01
General Requirements
PART 1
GENERAL

The General Requirements are an instrumental part of establishing the overall rules for the construction process and the conduct of the construction manager, contractors and all subcontractors. As such, the items contained herein will form essential elements for many university projects that are to be constructed in accordance with high performance principles.

1.1
Key Environmental Issues

A. Communicate and explain sustainable design principles since many aspects of high performance design are still new to many design professionals and the construction industry

B. Commission buildings through a process that ensures that it is designed, constructed and calibrated to operate as intended. 

C. Establish goals for landfill diversion and adopt a construction waste management plan to achieve these goals. 

D. Purchase recycled-content products (RCPs).
E. Institute Construction IAQ management plans during construction, and prior to occupancy.

1.2
LEED - NC Applications

As part of the submittal process for a LEED-NC university project, many items require tracking and certification. Documentation submittals typically required include the following:

· Overall project schedules and “Action Plans”.

· LEED Progress Reports: Concurrent with each Application for Payment, submit reports comparing actual construction and purchasing activities with LEED Action Plans.

· Construction waste management plan. 

· List of proposed materials with recycled content. Product Data and certification letter indicating product’s weight percentage of post-consumer and pre-consumer recycled content. 

· List of proposed regionally manufactured materials.

· List of proposed rapidly renewable materials.

· List of proposed certified wood products.

· Product Data for adhesives and sealants used on the interior of the building indicating VOC content of each product used.

· Product Data for paints and coatings used on the interior of the building indicating chemical composition and VOC content of each product used.

· Product Data for composite wood and agrifiber products indicating that products contain no urea-formaldehyde resin.

· Roofing materials indicating Energy Star compliance. 

· Documentation of Building Energy Performance through yearly simulation.

· Interior and exterior lighting fixtures that stop direct-beam illumination from leaving the building site.

· Plumbing fixtures indicating water consumption.

· New HVAC equipment refrigerants (i.e., HCFC).

· Product Data and Shop Drawings for carbon dioxide monitoring system(s).

· Product Data and Shop Drawings for lighting controls in the perimeter building areas.

· Construction IAQ management plans during construction and before occupancy.

· Product Data for temporary filtration media.

· Product Data for filtration media used during occupancy.

· Construction Documentation: Photographs taken as appropriate for the scope of the project during construction along with a brief description of the SMACNA approach employed, documenting implementation of the IAQ management plan measures, such as protection of ducts and storage or installation of absorptive materials.

· Flush out (optional): Signed statement describing the building air flush-out procedures including the dates when flush-out was begun and completed and statement that filtration media was replaced after flush-out. Product Data for filtration media used during flush-out and during occupancy.

· Testing & Laboratory results (optional): Report from testing and inspecting agency indicating results of IAQ testing and documentation showing conformance with IAQ testing procedures and requirements.

1.3
Definitions

A. Chain of Custody Forest Products: In order for products originating from certified sources to be eligible to carry the FSC Trademark, the certified timber or raw material has to be tracked, traced and identified from the forest through all the steps of the production process until it reaches the end user. Only when this process has been independently verified is the product eligible to carry the FSC logo. 

B. Construction Waste: Building and site improvement materials and other solid waste resulting from construction operations. Construction waste includes packaging. 

C. Global Warming Potential (GWP): Possible climate warming effect caused by the manufacture and/or use of a material or product compared to that of carbon dioxide (CO2), which has a GWP of 1.0 .
D. Indoor Air Quality (IAQ): Measures the condition of air inside buildings with respect to harmful concentrations of contaminants, volatile organic compounds (VOCs), and particulates. 

E. Life Cycle: All stages of production, including raw material extraction, manufacturing, distribution, use, maintenance, reuse or recycling, disposal, and all transportation. 

F. Material Safety Data Sheet (MSDS): Information required from manufacturers listing hazardous material content of products, human exposure limits, and handling precautions. 

G. Ozone Depleting Potential (ODP): A relative measure of the potency of chemicals in depleting stratospheric ozone. Depending primarily on chlorine and bromide content, and the lifetime of the chemical compared to CFC-11, which is designated 1.0 ODP. 

H. Recycled Content: The percentage by weight of constituents that have been recovered or otherwise diverted from the solid waste stream, either during the manufacturing process (pre-consumer), or after consumer use (post-consumer). 

I. Rapidly Renewable Materials: Materials made from agricultural products that are typically harvested within a ten-year or shorter cycle. Rapidly renewable materials include products made from bamboo, cotton, flax, jute, straw, sunflower seed hulls, vegetable oils, or wool.

J. Regionally Manufactured Materials: Materials that are manufactured nearby to a project location. Under LEED-NC Version 2.2 this distance is defined to be 500 miles. Manufacturing refers to the final assembly of components into the building product that is installed at the Project site.

K. Reused Or Salvaged Materials: Materials or products from building deconstruction or demolition that are reused 'as-is' with little or no processing or modification. 

L. Third-Party Certified: Materials or products that are monitored by independent organizations for compliance with recognized environmental standards. 

M. Volatile Organic Compounds (VOCs): Chemicals that contain carbon molecules and vaporize from material surfaces into indoor air at normal room temperatures; VOCs often react with other chemical vapors and gases to cause eye and respiratory irritation. 

1.4
Commissioning

The Commissioning Process is essentially a quality assurance procedure. The goal of the Commissioning Process is to assure that the building systems are designed, installed and operate in a way that meets the needs of the owner.

The term Commissioning is sometimes used to describe an installer’s start-up and check out procedure for a specific system or piece of equipment. The start up and check out of equipment is an important part of the Commissioning Process, but the procedure we refer to as the Commissioning Process involves much more.

The Commissioning Process, abbreviated as Cx, is designed to “connect the dots” in the construction process. It provides continuity and communication among the project team participants from the design and construction phases of a project through to owner acceptance and operation. The process is managed by a person designated as the Commissioning Authority (aka CxA). A Commissioning Plan is developed which serves to guide and inform the team about commissioning tasks and also becomes the repository for all related documentation. 

The central document in the Commissioning Plan will be the Owner’s Project Requirements. This document is produced to represent the owner’s vision for the building. Systems are then designed to satisfy the Owners Project Requirements. The Basis of Design document then records the data used by the design team during the design process. Other documents will include Pre-Functional Checklists, Functional Performance Tests, an issues log, systems manuals and a summary report.

For the Commissioning Process to be most effective, it is critical to initiate Commissioning activities in the earliest stages of the design process. For some projects, it makes sense to separate the contractual obligations of the Commissioning Authority into Pre-Design, Design and Construction segments. This allows the Commissioning Authority to assist with Pre Design and Design tasks, and then tailor the Construction segment to the approved design. 

The US Green Building Council has recognized the value that the Commissioning Process provides and thus has made it a mandatory prerequisite that all LEED projects include at least a minimum level of Commissioning. Many LEED project teams are seeing that there is real benefit to expanding the Commissioning Process beyond the minimum requirements. LEED requires that energy consuming systems be included in the Commissioning Process, but other system such as building envelope components and plumbing systems should be considered for inclusion in the process.

Perceptions in the marketplace about Commissioning being expensive and onerous are likely due to unfamiliarity with the Commissioning Process in general. Implemented properly, the Commissioning Process supports and complements the design and construction process and benefits the owner in terms of helping to ensure long term high performance of building systems. Additionally, for those participants who strive to provide high quality a design and installation service, the Commissioning Process validates their good work.  

1.5
Construction Waste Management

Construction and Demolition (C & D) debris is often largely considered a single stream by-product of the construction process that is disposed of almost entirely as bulky waste in landfills. Effective utilization of resources, preservation of limited landfill space, escalating disposal costs, and the emergence of new recycling technologies is changing modern construction waste management practices. Recognition that often a large percentage of construction waste materials can be salvaged, reused, or recycled into new products, gives way to a new understanding that construction waste is not waste at all - merely a collection of materials that can often be redirected.

In many ways campuses are little cities, and a large variety of demolition materials are likely to emerge from work on campus. If considered carefully, some of these materials may be reused elsewhere on campus, e.g., hard to find hardware, fixtures, or unique stone or brickwork. The careful deconstruction of older university buildings may also yield items of historical significance or value. Regardless of the amount of salvaged material, there will always be some demolition waste to be handled, in accordance with environmental regulations, of course.

C&D debris is not federally regulated, except to the extent that solid waste landfills must meet federal standards. New Jersey, and other states, therefore, have the primary role in defining and regulating the management of C&D debris. Typical materials available for reuse or recycling include:

A. Concrete, cinder blocks, gypsum drywall, masonry, asphalt and wood shingles, slate, and plaster.  Stone concrete markets are widespread throughout New Jersey.

B. Forming and framing lumber, plywood, wood laminates, wood scraps, and pallets. Many recycling outlets for untreated wood are available throughout New Jersey.

C. Steel, stainless steel, pipes, rebar, flashing, aluminum, copper, and brass, steel framing, structural steel, steel utility poles. Markets for recycled metals are widespread throughout New Jersey.

D. Brick and decorative blocks

E. Siding

F. Doors and windows

G. Plumbing fixtures

H. Electrical wiring

I. Wood, sawdust, brush, trees, stumps, earth fill, rock and granular materials

Regarding the specifics of other individual products, and their recovery potential, there are no established markets. Specific items such as gypsum board do require some preparation and can be recovered for recycling and sent to regional facilities, yet can be viewed as impractical at the present time since they require additional cost and higher cost when compared to local landfill fees.

1.6
Construction Indoor Air Quality (IAQ) Management

Frequently, building occupants are not satisfied with a building's air quality. Some complain that the air is stuffy or stale, that there are unpleasant odors, that the building is making them nauseous, giving them headaches, or is responsible for a chronic illness, or that it is simply too hot or too cold. 

Perhaps none of the LEED credits that must be achieved during the construction process are more important to the overall health of the building occupants as those related to "Construction IAQ Management". The goal is to prevent indoor air quality problems resulting from the construction process in order to assure the well-being of construction workers during the construction process. Once construction is complete, the goal switches to protecting the people who move into the building. Two LEED-related credits are available. The first requires the contractor to develop and implement a construction IAQ management plan during construction according to the Sheet Metal And Air Conditioning National Contractors Association (SMACNA) "IAQ Guidelines for Occupied Buildings Under Construction, 1995, chapter 3". The second credit requires an IAQ management plan for the pre-occupancy phase after construction is complete, and immediately prior to occupancy. 

PART 2
PRODUCTS

2.1
Purchase of Recycled-Content Products (RCP)
Many government agencies, organizations and some universities have procurement mandates or policies that require the purchase of recycled-content products (RCP) which boost markets for recycled materials. Use of recycled-content products also reduces waste going to landfills, reduces manufacturing waste and pollution, frequently reduces energy consumption, creates jobs and helps attain procurement goals. Most importantly, buying recycled-content products ensures that the materials collected in recycling programs will be used again in the manufacture of new products.

There are many recycled-content products currently on the market that are cost-competitive. In other cases, it is not as simple as just comparing up-front costs. Some RCPs have lower maintenance and replacement costs than their virgin counterparts. To accurately compare such options one must consider the life cycle costs of both and then make a decision accordingly. 

Although a product does not have to contain 100 percent recovered materials to be considered "recycled," clearly the higher the percentage of recycled content, the greater the amount of waste that is diverted from disposal. Recycled-content products may contain some pre-consumer waste, some post-consumer waste, or both.

2.2
Quality Control of Products and Assemblies

Historically, many architectural building products have been required to meet the standards of: the American Society of Testing and Materials (ASTM); the American National Standards Institute (ANSI); the National Fire Protection Association (NFPA): and Underwriters Laboratories (UL). In major cities, products must often meet special requirements. For example, in New York City materials must have “MEA numbers” which stands for Materials and Equipment Acceptance. 

Today, products that claim to be environmentally-preferable in one or more ways must stand up to the scrutiny of the following Quality Control Initiatives and Organizations.

A. Green Seal

Green Seal (founded in 1989), provides science-based environmental certification standards that are credible and transparent and help manufacturers, purchasers, and end users alike to make responsible product selection choices in more than forty major product categories.

Green Seal bases its work on thorough, state-of-the-art scientific evaluations using internationally accepted methodologies. Product evaluations are conducted using a life-cycle approach to ensure that all significant environmental impacts of a product are considered, from raw materials extraction through manufacturing to use and disposal. Wherever possible, Green Seal standards cite international test methods for evaluating product performance or environmental attributes such as toxicity, and its procedures conform to international standards for eco-labeling. In developing environmental standards and certifying products, Green Seal follows the Guiding Principles and Procedures for Type I Environmental Labeling adopted by the International Organization for Standardization (ISO 14024). 
B. Scientific Certification Systems (SCS)
SCS was established (in 1984) as the nation's first third-party certifier for testing pesticide residues in fresh produce. Over the years, SCS has evolved to become a certifier in many areas including, in the last few years, sustainability; an idea that has touched the imagination of policy makers, regulators, companies and consumers. In the rush to bring sustainable products to market, however, many short-cuts have been taken in defining and certifying sustainability.
Sustainability encompasses complex environmental, social and economic dynamics. SCS has worked actively to ensure that sustainability definitions and certification programs are scientific, objective, and comprehensive in scope. Otherwise, the claim of sustainability may be diluted or marginalized, in the same way that other once-significant claims, such as “natural,” have lost their value. SCS offers evaluation and certification services to a broad range of manufacturing sectors including wood products, building materials, carpet/flooring, paints/finishes, furniture, and cleaning products. Applicable SCS programs include:

1. Certification of Specific Environmental Claims: SCS was the first company to offer manufacturers a program for verifying the accuracy of environmental claims on products, such as recycled content, biodegradability, etc. 

2. FSC Chain-of-Custody Certification: SCS is an accredited certifier of products made from wood that has been derived from FSC-certified forests. 

3. Indoor Air Quality: The “Indoor Advantage” certification program certifies compliance with specific indoor air quality emission requirements. The program is designed for products generally used within an enclosed indoor environment including, wall coverings, insulation, systems furniture, seating, casework, and paints. 

4. Environmentally Preferable Product Certification: To address the growing demand for products that have the least impact on the environment, SCS offers a certification program for Environmentally Preferable Products and Services (EPP). The program is based upon Federal Executive Order 13101 and the US EPA’s "Final Guidance on Environmentally Preferable Purchasing for Executive Agencies".

5. SCS Sustainable Choice Certification: Recognizes sustainability achievements in the building products sector, giving manufacturers a continuous improvement path that drives supply chain innovation in environmental, social and product performance. The carpet and rug industry represents the first category of building products to undergo the SCS Sustainable Choice certification process. 

6. Life Cycle Assessment Services: For some companies, life-cycle assessment is the most appropriate tool to quantify the impacts stemming from their business activities. SCS is a leading practitioner and a former international committee participant on life cycle assessment activities. 

C. Environmental Building News (EBN)

EBN, published by BuildingGreen, Inc. is perhaps the best established, most solid, and reliable reference in the green building field. Although it does not officially rate or directly control the quality of products the publication does opine with the benefit of a distinguished Advisory Board. The Executive Editor since EBN’s inception has been Alex Wilson, the Editor is Nadav Wilson. EBN's posting on their website is as follows:

“We are an independent company committed to providing accurate, unbiased, and timely information designed to help building-industry professionals and policy makers improve the environmental performance, and reduce the adverse impacts, of buildings. 

We offer both print and electronic resources to help you design and build construction projects from a whole-systems perspective and take an integrated design approach that minimizes ecological impact and maximizes economic performance. 

We believe that:

Energy-efficient, healthy, environmentally sound commercial and residential buildings are not only possible but also practical and cost-effective. 

Every new construction and renovation project should maximize its value to the owner, occupants, neighbors, and the entire global community. 

Reliable, objective information is essential for making good decisions throughout the process of designing, constructing, and occupying buildings. 

Our customers expect and deserve comprehensive research, honest reporting, well-organized information, outstanding value, and excellent service.”

BuildingGreen
122 Birge Street, Suite 30
Brattleboro, VT 05301
802/257-7300 (phone)
www.BuildingGreen.com

D. McDonough Braungart Design Chemistry (MBDC)

Based in Charlottesville, Virginia, MBDC is a relatively new entry into the field of environmental certification dedicated to transforming the design of products, processes, and services worldwide. The firm was founded in 1995 by William McDonough and Michael Braungart to promote and power "the Next Industrial Revolution" through intelligent design. It employs Cradle to Cradle Design using "eco-effective" strategies to create products and systems that contribute to economic, social, and environmental prosperity.

MBDC's Cradle to Cradle benchmarking provides direct, actionable feedback for ways to maximize quality and value. Benchmarking is a scientific method for assessing the current human and environmental health as well as overall lifecycle characteristics of chemicals, materials, products and processes. This knowledge provides an essential starting point for assessing a product's 'health' and sustainability.

Cradle to Cradle benchmarking allows one to: make accurate, credible claims about a product's sustainability; identify opportunities for environmental improvements; confidently offer products to customers and markets with high purchasing standards for health, safety and sustainability; and enter MBDC's Cradle to Cradle certification system.

2.3
ENERGY STAR

The U.S. Environmental Protection Agency (US EPA) and the U.S. Department of Energy (US DOE) identify ENERGY STAR appliances and products as the most energy-efficient available. These appliances and products on average are 20 percent more efficient than minimum federal standards.
Products in more than 50 categories are available that use less energy, save money, and help protect the environment. They include: clothes washers; dehumidifiers; dishwashers; refrigerators & freezers; room AC; water coolers; heating & cooling; air-source Heat Pumps; boilers; central AC; ceiling fans; furnaces; geothermal heat pumps; programmable thermostats; envelope products (insulation and air sealing); roof products; and windows, doors, & skylights.
The US EPA/US DOE ENERGY STAR Target Finder program is described in the Process and Strategies Chapter.

PART 3
EXECUTION

3.1
Communications

Many aspects of high performance design are still new to many design professionals in the construction industry. Good communications are essential in order to steer a project through all the various construction phases and attendant challenges. A vital and legal part of this communication is the preparation and issuance of bid documents that are complete, unambiguous and fair but advocating high performance design. The process then goes forth with meetings, the completion of submittals and other communications as summarized below.

3.2
Green Project Meetings

A. Schedule a preconstruction conference at an appropriate time for the scope of the project and convenient to owner, construction manager, and architect. Generally this should be no later than 15 days after execution of the agreement and commencement of the conceptual design process. Conduct the conference on-campus at the project site, or another convenient location, and review responsibilities and personnel assignments.

1. Agenda: discuss items of significance that could affect progress, including the following:

a. General green building/construction requirements.

b. Possible specific LEED compliance requirements.

B. Regularly schedule additional meetings as needed to achieve the environmental goals of the project including possible LEED certification. Get LEED documentation materials from suppliers and others ASAP before the trail gets “cold”.

C. Be sure that the Contractor and/or Construction Manager’s field personnel clearly understand which LEED credits are being sought and what support and documentation material is needed to substantiate their claim. Review this list regularly and keep score as credits become achievable.

3.3
Implementation: Commissioning Requirements

A. Fundamental Commissioning

In order to satisfy LEED-NC 2.2 EA Prerequisite 1, Fundamental Commissioning, the following commissioning activities shall typically be completed.

1. Designate an individual as the Commissioning Authority (CxA) to lead, review and oversee the completion of the commissioning process activities.
a. The CxA shall have documented commissioning authority experience in at least three similar or representative building projects.
b. The individual serving as the CxA shall be independent of the project’s design and construction management, though they may be employees of the firms providing those services. The CxA may be a qualified employee or consultant of the Owner.
c. The CxA shall report results, findings and recommendations directly to the Owner.
d. For projects smaller than 50,000 gross square feet, the CxA may include qualified persons on the design or construction teams who have the required experience.
2. The Owner shall document the Owner’s Project Requirements (OPR). The design team shall develop the Basis of Design (BOD). The CxA shall review these documents for clarity and completeness. The Owner and design team shall be responsible for document updates.
3. Develop and incorporate commissioning requirements into the construction documents.
4. Develop and implement a commissioning plan.
5. Verify the installation and performance of the systems to be commissioned.
6. Complete a summary commissioning report.
B. Enhanced Commissioning

In addition to the requirements of EA Prerequisite 1 (Fundamental Commissioning), implement the following additional commissioning process activities:
1. Prior to the start of the construction documents phase, designate an independent Commissioning Authority (CxA) to lead, review, and oversee the completion of all commissioning process activities. The CxA shall, at a minimum, perform Tasks 2, 3 and 6 (see A above). Other team members may perform Tasks 4 and 5.

a. The CxA shall have documented commissioning authority experience in at least three similar or representative building projects.

b. The individual serving as the CxA shall be:
i. independent of the work of design and construction;

ii. not an employee of the design firm, though they may be contracted through them;

iii. not an employee of, or contracted through, a contractor or construction manager holding construction contracts; and

iv. (can be) a qualified employee or consultant of the Owner.

c. The CxA shall report results, findings and recommendations directly to the Owner.

d. This requirement does not vary based on project size.

2. The CxA shall conduct, at a minimum, one commissioning design review of the Owner’s Project Requirements (OPR), Basis of Design (BOD), and design documents prior to mid-construction documents phase and back-check the review comments in the subsequent design submission.

3. The CxA shall review contractor submittals applicable to systems being commissioned for compliance with the OPR and BOD. This review shall be concurrent with A/E reviews and submitted to the design team and the Owner.

4. Develop a systems manual that provides future operating staff the information needed to understand and optimally operate the commissioned systems.

5. Verify that the requirements for training operating personnel and building occupants are completed.

6. Assure the involvement by the CxA in reviewing building operation within 10 months after substantial completion with O&M staff and occupants. Include a plan for resolution of outstanding commissioning-related issues.

3.4
Implementation: Construction Waste Management

Set specific waste reduction goals for each project by identifying materials that can be salvaged and reused. At inception of the project (or at a pre-bid meeting), conduct meeting to review methods and procedures related to waste management including review and discussion of waste management plan and goals for the project such as possible qualification for LEED credit(s). Stress that waste reduction is a priority from the start of the project and plan for it throughout all phases of design, construction, installation, and occupancy. Cost effective waste materials management involves a continuous four-step process. These steps include the following waste materials management activities: 

A. Identifying refuse materials being generated, collecting, separating, depositing and storing these materials for removal from the site. 

B. Arranging for the collection, transportation, recovery and recycling of these items by materials processors and recyclers. 

C. Documenting both onsite and offsite waste management activities including amounts in volume and weight as well as the pricing of collection, transportation, and reprocessing methods. 

D. combining these activities into one comprehensive waste material recovery program that achieves stated project objectives.

3.5
Implementation: Construction Indoor Air Quality (IAQ) Management

A. To achieve the first LEED Construction IAQ Management credit the following key actions are required during the construction phase of the project:

1. Scheduling: Sequence construction operations so that absorptive materials like ceiling tile and carpeting are installed only after all applications of wet and odorous materials such as adhesives, sealants, paints and other coatings have been completed.
2. Source control: Avoid (or minimize) the use of harmful volatile organic compounds (VOCs). 

3. Block pathways: Temporary barriers should isolate areas under construction from clean or occupied areas.

4. Materials: Prevent materials being stored on-site from being contaminated.

5. HVAC equipment protection: Shut down the return side of the HVAC system during heavy construction activities, and frequently replace filters. Returns should be blocked-off with durable plastic.

B. To achieve the second LEED Construction IAQ Management credit, one of the following actions is required after construction and prior to occupancy:

1. Building Flush-Out: Conduct a minimum two-week building flush-out with new minimum efficiency reporting value (MERV-13) filtration media at 100% outside air. After the two-week flush-out is complete, new MERV-13 filters must be replaced in all locations except those that have been processing only outside air during the flush-out. The incorporation of this process must be carefully coordinated and/or scheduled. Some institutions may not want to have a “usable” building just being flushed-out (and empty) for two weeks. 

2. IAQ Testing: Instead of the two-week flush-out, the project team may decide to conduct a baseline IAQ testing procedure consistent with LEED requirements and the US EPA’s current protocol for environmental requirements. This approach has the advantage of saving much of the time that would have been required for the flush-out period. A cautionary note - the IAQ testing approach to this credit may require the contractor to perform additional procedures if VOC levels are detected above the outlined limits.

In most cases it is a matter of choice which option to pursue. In some cases, however, the building’s HVAC system is not an appropriate type to execute the flushing procedure.

END OF DIVISION
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DIVISION 02
Existing Conditions

PART 1
GENERAL

Under MasterFormat 2004, Division 02 has been significantly recast. Division 02 is no longer the assigned location for requirements related to Site Construction and issues such as site remediation, site planning and landscaping. Those requirements have now been shifted to Division 32 - Exterior Improvements. 

The focus of the new MasterFormat 2004 Division 02 - Existing Conditions reflects the heightened importance given to existing conditions in buildings and the issues required to achieve dependable, long-lasting, efficient, and healthy operation. These are issues of paramount importance in university buildings. The revised Division 02 also provides a more detailed format for use during a building’s life cycle including procedures for deconstruction, RetroCommissioning, and IAQ assessment. 

The demolition of buildings in the United States produces about 150 million tons of solid construction debris per year - most of which is typically landfilled. There is, however, an alternative to demolition and landfilling - namely deconstruction. Deconstruction is the dismantling or disassembling of a building and the reuse and recycling of some of the building components. Deconstruction offers opportunities to save money and reduce the environmental impact of demolition waste. Just as MasterFormat 2004 reflects a new emphasis on Existing Buildings - so does the LEED-EB green building rating tool.

1.1
Key Environmental Issues

Although improvements to Existing Conditions may not be as attention-grabbing as new buildings, these measures are nonetheless essential and of great importance to the economic life and green image of a campus. Moreover, often many improvements can be attended to easily, quickly, and without large budgetary expenditures.

A. Demolition/Deconstruction Work: During demolition work on campus, there are often lost opportunities for salvage or reuse of items that have value.

B. RetroCommissioning: This is a systematic investigation of the building’s systems to improve or optimize the operation and performance of the building.

C. Indoor Air Quality: IAQ conditions can be improved around the campus by instituting an IAQ management program. 

D. Cleaning Products: In existing buildings, there are opportunities for environmental stewardship through the selection of environmentally-preferable cleaning products. 

E. Occupant Recycling Program: Basic to environmental stewardship is a well-managed campus recycling program. For such a program, existing buildings should have dedicated space for the storage and collection of recyclables.

1.2
LEED - EB Overview

LEED for Existing Buildings (LEED-EB) is a relatively new system in the suite of LEED products developed by the U.S. Green Building Council. See Division 1, Section 1.2 for more basic information on LEED.

LEED-EB maximizes operational efficiency while minimizing environmental impacts. It provides a recognized, performance-based benchmark for building owners and operators to measure operations, improvements and maintenance on a consistent scale. LEED-EB is a road map for delivering economically profitable, environmentally responsible, healthy, productive places to live and work. LEED-EB addresses:

· whole-building cleaning and maintenance issues including chemical use 

· ongoing indoor air quality 

· energy efficiency 

· water efficiency 

· recycling programs and facilities 

· exterior maintenance programs, and 

· systems upgrades to meet green building energy, water, IAQ, and lighting performance standards

1.3
LEED - EB Applications

Components of Division 02 can be found in various categories throughout LEED-EB Version 2.0 (Existing Buildings) as itemized below. Pre refers to prerequisites; SS refers to Sustainable Sites; EA refers to Energy & Atmosphere; MR refers to Materials & Resources; EQ refers to Environmental Quality.

NOTE: For major renovation projects the rating system for new construction, LEED-NC for New Construction, would be more appropriate. There are common elements in the two systems. LEED-NC adds credits for building reuse (i.e., shell and core).

A. Existing Buildings: General

· SS Pre-2:
Age of Building

· EA 3.1-3:
Building Operations and Maintenance:

Staff Education 

Building Systems Maintenance

Building Systems Monitoring

· EA 5.1-3:
Performance Measurement: Enhanced Metering 

· EA 5.4: 
Performance Measurement: Emission Reduction Reporting

B. Demolition/Deconstruction

· MR 1.1-2:
Construction, Demolition and Renovation Waste Management

C. Hazardous Materials Remediation

· MR Pre-3: 
Asbestos Removal or Encapsulation 

· MR Pre-4: 
PCB Removal 

· MR 6.0: 
Additional Toxic Material Source Reduction

D. Energy Usage

· EA Pre-2:
Minimum Energy Performance 

· EA 1.0:
Optimize Energy Performance

E. RetroCommissioning

· EA Pre-1:
Existing Building Commissioning

F. Indoor Air Quality

· MR 3.1-2:
Optimize Use of IAQ Compliant Products 

· EQ 9.0: 
Contemporary IAQ Practice 

· EQ 5.1-2:
Indoor Chemical and Pollutant Source Control: Non-Cleaning -

Reduce Particulates in Air Distribution

High Volume Copying/Print Rooms/Fax Stations

G. Recycling/Waste Management:

· MR Pre-1.1:
Source Reduction and Waste Management:

Waste Stream Audit

· MR Pre-1.2:
Source Reduction and Waste Management:

Storage & Collection of Recyclables

· MR 5.1-3:
Occupant Recycling

H. Cleaning

· MR 4.1-3:
Sustainable Cleaning Products and Materials

· EQ 10.1: 
Green Cleaning: 

Entryway Systems 

Isolation of Janitorial Closets 

Low Environmental Impact Cleaning Policy

Low Environmental Impact Pest Management Policy

Low Environmental Impact Cleaning Equipment Policy

Following is a complete Division-by-Division summary of LEED credits for LEED-EB (Existing Buildings).

Table: LEED EB (Existing Buildings)
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PART 2
PRODUCTS

Not Used
PART 3
EXECUTION

3.1
Deconstruction Plan

A. View existing university buildings and their materials as resources. Explicitly address their removal as part of any redevelopment project and allocate adequate time to arrange for salvage. Ensure that salvaged products will provide suitable and code compliant environmental performance if reinstalled.

B. Design new buildings to use salvaged materials. This approach can be aesthetically and visually satisfying as new construction is integrated with the old and often historic. Work with campus designers or outside design professionals to design for disassembly where appropriate. 

C. When selecting a demolition/deconstruction firm, ask to see past projects that demonstrate flexible approaches to building removal and materials recovery. Firms that have demolition operations linked to retail salvage or construction operations are more likely to view old buildings as resources.

D. Use the Internet and its power to find or  offer deconstructed materials.

3.2
Energy Usage Data

A review of several years of energy usage and cost data for a building can often indicate if significant and perhaps unanticipated changes have occurred. Often this is an important signal that RetroCommissioning of all or part of the building is needed. Data-recording energy management systems greatly simplify this data review task and thus lead more quickly to insights about trends in energy use. Sub-metered data can also be very useful when available. Coordinate work with Divisions 23, 25 and 26.

3.3
RetroCommissioning of Existing Buildings

Existing building commissioning, also known as “RetroCommissioning”, applies a systematic investigation process for improving or optimizing a building’s operation and maintenance. The goals and objectives for applying the process, as well as the level of rigor, may vary depending on the current needs of the owner, budget, and condition of the equipment. The RetroCommissioning process most often focuses on dynamic energy-using systems with the goal of reducing energy waste, obtaining energy cost savings, and identifying and fixing existing problems (perhaps related to indoor air quality for example).

Although RetroCommissioning may include recommendations for capital improvements, the primary focus is on using O&M tune-up activities and diagnostic testing to optimize the building systems. RetroCommissioning is not, however, a substitute for major repair work. Repairing major problems is a must before RetroCommissioning can be fully completed. Primary objectives for RetroCommissioning a typical university project are to:

· Bring equipment to its proper operational state

· Reduce complaints

· Reduce energy and peak electrical demand costs

· Increase equipment life

· Improve indoor air quality

· Increase tenant satisfaction

· Improve facility operation and maintenance

· Reduce staff time spent on emergency calls.

3.4
IAQ Assessment and Remediation

Managing a university building of any size is a difficult job with many competing demands -- health and safety, building maintenance, housekeeping, and communications with administration, faculty and students. Building owners and managers are under pressure to contain or reduce operating costs and maintain operations. Such pressures can easily draw attention and resources away from important elements of building management such as indoor air quality (IAQ). 

Over the past twenty years, indoor air quality has emerged as a major concern. As the public recognizes the importance of healthy, comfortable and productive indoor environments, its awareness and demand for healthy IAQ increases. Maintaining a healthy and comfortable indoor environment in any building requires integrating many components of a complex system. Indoor air problems are preventable and solvable and practical guidance on how to manage buildings for acceptable indoor air quality is available.
US EPA has also developed a software tool, The Indoor Air Quality Building Education and Assessment Model (I-BEAM) (www.epa.gov/iaq/largebldgs/ibeam_page.htm) for use by building professionals. I-BEAM updates and expands US EPA's Building Air Quality guidance and is designed to be comprehensive state-of-the-art guidance for managing IAQ. I-BEAM contains text, animation/visual, and interactive/calculation components that can be used to perform several tasks including:

· Conducting an indoor air quality (IAQ) building audit; 

· Diagnosing and resolving IAQ related health problems; 

· Establishing an IAQ management and maintenance program to reduce IAQ risks; 

· Planning IAQ compatible energy projects; 

· Protecting occupants from exposures to construction/renovation contaminants; and 

· Calculating the cost, revenue, and productivity impact of planned IAQ activities.

3.5 
Cleaning Products

For the average commercial building in the U.S., more than half as much money is spent per year on cleaning as on energy, and significantly more in energy-efficient green buildings. Since many buildings are today designed with many low VOC materials, surprisingly, scheduled cleaning and the refinishing of floors can result in a building’s largest sources of volatile organic compound (VOC) emissions. 

Stripping, waxing, and cleaning of resilient flooring can be a huge source of VOCs in a building - with the greatest risk posed to janitorial workers. Protecting the health of these workers is a high priority. 

Therefore, it is essential that the cleaning products for buildings be selected at least as carefully as the materials that build them in the first place. By purchasing and using "green" cleaners, building owners are cleaning up the environment one dirty surface at a time. Traditional cleaning products present a variety of human health and environmental concerns, and can contain chemicals associated with cancer, reproductive disorders, respiratory ailments, eye or skin irritation, and other human health issues. Switching from traditional cleaning products to biodegradable, low toxicity, or otherwise less harmful products can drastically improve the environmental profile of routine cleaning activities without sacrificing cleaning effectiveness. As many users have discovered, using green cleaners can also reduce costs and improve employee productivity.

3.5
Recycling From Building Operations

The required capacity of the recycling area should be calculated by evaluating (at a minimum) the potential recycling volumes identified in the waste stream audit for paper, corrugated cardboard, glass, plastics and metals. Designate an area for collection and storage that is appropriately sized and conveniently located. 

Identify local waste handlers and buyers for glass, plastic, office paper, newspaper, cardboard, metals and organic wastes. Instruct occupants on building recycling procedures. Consider employing cardboard balers, aluminum can crushers, recycling chutes and other waste management techniques to further enhance the recycling program. Also explore implementing source reduction programs.

A concerted effort should be made to recycle the following items that are widely used on campuses.

A. Cans and Bottles including: aluminum and tin cans, glass bottles, plastic bottles, and plastic milk and juice containers. Rinse containers and discard caps.

B. Mixed Paper including: writing paper (all colors), envelopes, letterhead, copier paper, computer paper, fax paper, soft-cover books, newspaper, magazines, manila envelopes, file folders, telephone books, thin cardboard such as cereal and cracker boxes and notebook paper.

C. Cardboard

D. Batteries

E. Computer Disks

F. Printer Cartridges

G. Computers and Parts and other Electronic Equipment

H. Packing Peanuts

END OF DIVISION
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DIVISION 03
Concrete

PART 1
GENERAL

Division 03 includes structural and architectural concrete - both cast-in-place and pre-cast. Production of Portland cement, a major ingredient in concrete, is energy-intensive, and its manufacture releases significant amounts of carbon dioxide into the atmosphere. The sustainability of concrete can be increased by the introduction of fly ash as a substitute for a portion of the Portland cement in the mix. Fly ash, created as a by-product of coal combustion, when used in concrete retards setting time. As a result, cold weather conditions may require an accelerator - an important issue to note for university projects in the New Jersey climate. 
Concrete makes up almost half of demolished material and construction waste. Although only a small amount is recycled in any form, crushed concrete can be used as aggregate in new concrete. And larger pieces of deconstruction debris can be used for retaining walls or for erosion and flood control. 

1.1
Key Environmental Issues

A. Replace a percentage of Portland cement in concrete mixes.

B. Use recycled sub-base and aggregates (minimizes mining of gravel, diverts waste materials from landfill). 

C. Use less concrete by utilizing efficient sections (e.g., waffle forms for deck slabs).

D. Keep cement and water content as low as possible and aggregate content as high as possible (reduces drying and thermal shrinkage, and shrinkage-related cracking). 

E. Consider using certified wood for concrete formwork. 

F. Where appropriate, use insulating permanent formwork to conserve energy. 

G. Use environmentally sound form release agents and curing compounds.

1.2
LEED Applications

The products and work of Division 03 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resource; EQ refers to Indoor Environmental Quality.

A. Concrete:

· MR 2.1 Construction Waste Management: Divert 50% From Disposal 

· MR 2.2 Construction Waste Management: Divert 75% From Disposal 

· MR 4.1 Recycled Content: 10%

· MR 4.2 Recycled Content: 20%

· MR 5.1 Regional Materials: 10%

· MR 5.1 Regional Materials: 20%

· MR 7.0 Certified Wood 

· EQ 4.1 Low-Emitting Adhesives & Sealants

PART 2
PRODUCTS

03  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency requires the following minimum recycled content of materials in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials.

MATERIAL
MIN RECYCLED/RECOVERED
Asphaltic Concrete Paving 
25% by weight 

Reinforcing Steel in Concrete 
60% recycled scrap steel1 

Reinforcing Bars in Precast Concrete 
60% recycled steel1
1. represents the average recycled content for the U. S. steel industry. Use of U. S. manufactured steel will meet this requirement. 

As well as the following definition of Low VOC Content Levels:

MATERIAL
MAX VOC CONTENT

Form Release Agents 
350 g/L VOC content
03  00  20
Concrete - Mix Materials

A. Pozzolans: Pozzolans are mineral admixtures that react with the free lime in concrete to form additional calcium silicate hydrate and other cementitious compounds.
1. Portland cement: The chemical composition of Portland cement varies depending on the type of Portland cement and the raw materials used. Portland cement is typically about 75% calcium silicate:

2. Coal fly ash: ASTM C618, Class C or F. 
3. Ground granulated blast furnace slag: ASTM C989

B. Aggregates: Recycled, crushed concrete aggregate meeting requirements of ASTM C33 and subject to approval by Structural Engineer.

C. Color additives: Are available for Portland cement-based concrete paving and finished floor surfaces. Products are often made from recycled or reclaimed steel and iron. 
03  05  00
Cement Replacements: Fly Ash & GGBFS
A. Coal Fly Ash: In “Green” buildings it is a common practice to replace a portion of the Portland cement in concrete with fly ash which is a useful waste product of coal-fired power plants. In recent years, concern has been raised about adopting an “environmental practice” such as fly ash use that has at its source - continued use of coal. Typically 20 to 40% of the cement can be substituted - depending on the specific concreting application involved. 
B. The resulting concrete is widely viewed to be stronger, and has improved workability compared with a conventional mix. ASTM C 618 recognizes Class F and Class C fly ashes, based on their chemistry. In terms of its performance in concrete, the amount of calcium in fly ash is an important indicator, and Class F fly ash is lower in calcium than Class C. Class C fly ash that is particularly high in calcium contains some calcium in crystalline form, in addition to the calcium in the glass spheres. This crystalline calcium gives Class C fly ash cementitious properties, in addition to its pozzolanic action. The class of fly ash depends primarily on the coal it comes from. Bituminous coal, found primarily in the Appalachian Basin and Illinois Basin, produces Class F fly ash. Sub-bituminous coal tends to produce Class C fly ash.

Fly ash is generally supplied in bulk to ready-mix plants. Allow more time for fly ash concrete to reach specified strength (typically 56 days). Placed concrete mixtures with coal fly ash will be darker in color than traditional concrete - an important architectural factor.

C. Ground granulated blast-furnace slag (GGBFS): Finely ground GGBFS can replace a portion of the Portland cement in mixtures. Concrete made with GGBFS as part of the mix design is typically whiter, and the colors are brighter than concrete made with Portland cement. GGBFS cement used with Portland cement produces more calcium silicate hydrate binder than Portland cement alone, which can increase the concrete's compressive strength and durability. The cement blend can be designed to be more resistant to sulfate attack and alkali-silica reaction than pure Portland cement. Available products have pre-consumer recycled content and exhibit exceptional durability. Concrete made with 60% or more GGBFS is widely recognized for its resistance to sulfate attack.
03  05  00
Waterproofing Admixture

A new concrete admixture could come to replace the typical variety of waterproofing and corrosion-protection membranes and coatings applied to concrete. Concrete, often strengthened with steel rebar, is porous and hydrophilic, allowing the rebar to corrode through contact with air and water, a process that is exacerbated by mineral salts. To address these problems a waterborne surfactant (soap-like material) is available that reacts with calcium and similar elements in concrete to form a water-insoluble metallic salt with properties of a fatty acid. This provides waterproofing both by filling the pores in concrete and, because it is hydrophobic, by repelling water. 

The product has achieved Cradle to Cradle (C2C) certification from McDonough Braungart Design Chemistry, LLC (MBDC) as a “biological nutrient” meaning that it is “safe to return to soil” and meets MBDC’s standards for human and environmental health. 

03  11  00
Cast-in-Place Concrete Forms

Forming products which are now available are less resource-intensive than conventional concrete forming products. They are often made from recycled-content materials or plywood certified according to the standards of the Forest Stewardship Council (FSC). Concrete construction tubes made from recycled paper, in conjunction with recycled plastic or fabric footing forms, offer a quick, resource-efficient means of pouring structural piers often appropriate for support structures on a university campus.

03  11  25
Permanent Forms

Insulating concrete forms (ICFs) provide a labor-efficient means of building insulated poured concrete walls. ICFs are permanent forms with integral insulation that are not disassembled (removed) after the concrete has cured. Many of these products are constructed from expanded polystyrene (EPS) foam, which is produced with a non-ozone-depleting pentane blowing agent. Other permanent forms are made from a composite of wood waste and cement, or of EPS beads and cement. 

ICF walls yield higher R-values and use less concrete compared with conventionally formed concrete walls. To assess wall performance, use steady-state R-values since mass-enhanced or "effective" R-values are of prime relevance only for climate conditions that do not often occur in New Jersey. Some EPS foams used in ICFs contain borates to protect against wood-boring insects that can damage the foam. The presence of brominated fire retardants in most EPS foams has a potential environmental impact that deserves consideration.

03  15  00
Form-Release Agents

Form Release Agents: Form-release agents are applied to concrete forms to allow easier, quicker and more economical stripping. Conventional form-release oils can be a major source of VOCs, contaminating soil, and posing health risks. Biodegradable, non-petroleum alternatives are available which contain a fraction of the federally permitted VOC limit for concrete form-release agents--recently 450 grams/liter. Many of these products produce a smoother finished surface with fewer "bug holes." Products shall be guaranteed to provide clean, stain-free concrete release and not to interfere with future-applied coatings and finishes.

A. Vegetable-based: 100% biodegradable, zero-VOC, low odor rapeseed- or soy-based

B. Water-based: Biodegradable; maximum VOC content allowed: 55 grams/liter

03  20  00
Concrete Reinforcing

A. According to the Concrete Reinforcing Steel Institute, nearly 100% of today’s reinforcing bars (ASTM C150, Type I) and welded wire mesh (ASTM C33), are made from recycled steel products. And they are also readily recyclable - with the market value for scrap very strong compared to the cost of virgin feedstock. As a result, the great majority of reinforcing bars are today recycled in the continental United States.
B. Rebar supports for concrete work hold reinforcing bars in place during pours and have minimal structural requirements. Supports are now readily available made of recycled plastics.
03  31  13
Lightweight Structural Concrete

HVAC loads and building energy use can be reduced through the use of lightweight, insulating aggregates of volcanic materials (perlite) in concrete walls, floors, or roof decks. This strategy may be particularly appropriate in campus structures with relatively low structural loading requirements.

03  35  00
Concrete Finishing/Polishing

Polishing concrete is a relatively new technique for turning both new and old concrete slabs into attractive, durable, finished floors. This process of grinding, polishing, and chemically hardening (densifying) concrete became increasingly popular in the 1990s, and has now been used on more than 100 million square feet of flooring. The process combines European stone-grinding and polishing technology, with concrete hardening and densifying agents that had been used in North America. In the process, large walk-behind diamond-wheel grinders remove between 1/16th and 1/4 inch of the concrete floor surface. This is followed by the use of finer-grit grinding and polishing wheels to achieve a fine polish (up to 3,000-grit). During the polishing process, sodium silicate is applied; this is absorbed and reacts with the calcium hydroxide in the concrete to form calcium silicate hydrate, which crystallizes within the concrete matrix. The resultant concrete surface is highly durable, easy to maintain, free of VOC emissions, and more reflective (which can reduce light level requirements). The system enables the concrete slab to serve as the finished floor surface, thus reducing material use and perhaps also speeding the construction process. 

03  39  00
Concrete Curing

Concrete curing compounds are admixtures that aid in concrete setting and curing or imbue the finished concrete with certain properties. Biobased and low-VOC concrete curing products are available. Curing is an essential process for concrete to achieve its design strength and integrity. Curing procedures and the time needed vary based upon weather conditions and concrete mix constituents (i.e., fly ash). Work closely with the Structural Engineer, Construction Manager, and Concrete Contractor as appropriate for the project to assure proper curing.

03  41  00
Precast Structural Concrete

Precast structural concrete products speed construction and often lead to lower environmental damage on the construction site (compared to pouring concrete on-site). On-site waste from overage is also eliminated through precasting at a plant. Through aeration, the weight of precast concrete components can often be reduced by up to a third, significantly reducing structural loading requirements and material use in high-rise buildings. Aerated concrete also insulates better. Substitution of fly ash or other post-industrial waste materials can further improve environmental performance.
03  54  16
Cementitious Underlayment

Non-toxic, zero-VOC, pozzolanic cementitious underlayment products are available for use in leveling and patching subfloor surfaces before installing floorcoverings. Such a product is often referred to in the field as “flash patch.” The material is made from 45-70% fly ash, sand, and a small amount of proprietary ingredients including polymer material. 
PART 3
EXECUTION

3.1
Concrete Deconstruction /Demolition & Efficient Placement

The deconstruction/demolition industry in the United States recycles millions of tons of reinforced concrete each year. The process involves first extracting the reinforcing bars (using torches or cutting tools) for sale as scrap to be melted down for reuse as reinforcing or similar steel products. The concrete is then crushed and used as aggregate in new concrete, or as gravel, riprap or road base material.

A. New concrete pours: Designate locations or uses for excess concrete. Options include: additional paving; post footing anchorage; swale, riprap reinforcing; and flowable fill.
B. Extra reinforcing steel: Place it in designated area for recycling.
3.2
Concrete Mixes

Chosen practices are up to the Structural Engineer and are likely to vary greatly depending upon building size, location and site conditions, required color of exposed concrete, outdoor temperature and humidity conditions at time of construction and other factors. The exact amount of cement, pozzolans, fine and course aggregate, and water shall be determined by the design mix set by the Structural Engineer. In addition to, and consistent with, Guidelines of the American Concrete Institute, concrete mix design shall:

A. Reduce the amount of cement in the mix. Increase the amount of fly ash and/or other pozzolans. Fly ash content of 30% or more is often specified by many Structural Engineers depending upon the application.

B. Use recycled aggregates: Goal - Minimum 25% of aggregates shall be recycled concrete.
C. Design mix for long-term durability. Design mix to reduce drying and thermal shrinkage, and shrinkage-related cracking.
D. Proportion concrete mixes to achieve required design strength according to project schedule. Concrete containing less cement and water, with or without coal fly ash, may take considerably longer than 28 days (i.e., 56 to 90 days) to reach specified compressive strength.

E. Finishers of coal fly ash concrete shall have references and demonstrated experience (3 years minimum suggested) on similar projects. Finishing of such slabs will be affected by slower set times and less bleed water.
3.3
Concrete Cleaning

When needing to clean cast-in-place or precast concrete, consider biodegradable or bio-based materials.
END OF DIVISION
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DIVISION 04
Masonry

PART 1
GENERAL

Brick buildings are extremely common in the New Jersey. The reason in large part is that a large supply and choice of bricks are available regionally. This minimizes the transportation energy and cost to obtain them - and can contribute to the attainment of a LEED credit. Various types of stone are also quarried in the New England and Mid-Atlantic states and may also contribute to possible LEED credits.

Concrete masonry units are typically made from Portland cement, sand, small gravel and water. The use of fly ash (a post-industrial waste material) to replace a portion of the Portland cement in blocks is environmentally preferable. Masonry construction is inherently durable and weather resistant - important “green” attributes. With proper maintenance, the lifespan of a masonry building can extend several centuries.  Maintenance is minimal if the building is built in a weather-resistant manner. Masonry buildings may cost slightly more to construct initially. However, masonry construction will generally greatly outlast less durable structures and thus exhibit an excellent “Life Cycle” aspect.

Masonry construction can also contribute to energy conservation since dense materials such as masonry can store a lot of heat energy - a property known as “thermal mass”. Properly place masonry absorbs solar heat during the day and then re-radiates this energy back into the space at night as the air temperature cools down. For most building types, thermal mass is typically more effective when placed on the interior of a building and insulated to the outside. The use of thermal mass is a passive solar energy design strategy that can be applied well to many small university buildings.

1.1
Key Environmental Issues

A. Look for design opportunities to incorporate salvaged bricks and stones. Along primary campus circulation paths, the use of salvaged materials can provide both a visible and meaningful expression of “green” design.

B. Use coal fly ash to replace a portion of the energy-intensive Portland cement used in concrete block production.

C. Incorporate recycled, or industrial waste aggregates, to minimize mining of gravel and divert waste materials from landfills. 

D. Use masonry when appropriate as energy-storing thermal mass.

E. Try to use stones that are quarried locally (reduces transportation impacts, emphasizes local heritage). 

1.2
LEED Applications

The following products and work of Division 04 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisite. MR refers to Materials & Resource; EA refers to Energy & Atmosphere. 

A. Clay Masonry Units

· MR 3 Resource Reuse (Salvaged Material)

· MR 5 Local/Regional Materials

B. Concrete Masonry Units

· MR 4 Recycled Content 

· MR 5 Local/Regional Materials, 

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

C. Autoclaved Aerated Concrete Masonry Units

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

D. Cast Stone (Veneer Blocks)

· MR 4 Recycled Content

PART 2
PRODUCTS

04  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency requires the following minimum recycled content of materials in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials.
MATERIAL
MIN RECYCLED/RECOVERED
Reinforcing Bars in Concrete Unit Masonry
60% recycled steel1
1. represents the average recycled content for the U. S. steel industry. Use of U. S. manufactured steel will meet this requirement. 

04  02  00
Masonry Mortar

Masonry cement is specially formulated and manufactured to produce masonry mortar for use in brick, block, stone construction, and stucco. Masonry cement consists of a mixture of Portland cement or blended hydraulic cement and plasticizing materials (such as limestone or hydrated or hydraulic lime), together with other materials introduced to enhance one or more properties such as setting time, workability, water retention and durability. Consider high percentages of cement substitution with post-industrial waste products such as coal fly ash (30%).

Mortar incorporating pulverized fly ash and blast-furnace slag in mortar has increased in recent years - but it is not a new practice. For example, records indicate that blast furnace cement was used for the mortar during the construction of the Empire State Building in the 1930s. Pulverized fly ash has been used as a constituent material of mortars for over twenty years. These materials not only impart technical benefits to both the fresh and hardened properties of mortar, they are also environmentally friendly. Both materials are products resulting from industrial processes and their use, therefore, reduces the quantity of primary raw materials extracted from the ground.

The environmental effects of chemicals used to treat mortar should be understood and considered. For example, muriatic acid is traditionally used to clean brick, while calcium chloride is applied to prevent freezing. Both materials are considered toxic and can have negative impacts upon ecosystems.

04  02  00
Masonry Accessories

Weep vents manufactured of 100% recycled-plastic are available and are designed for use in the vertical joints between brick masonry units in masonry cavity wall construction. When installed as intended, weep vents help provide moisture drainage and airflow, and come in a variety of colors. 

Other accessories are designed to ensure the quality of masonry walls by preventing excess mortar from obstructing the airspace which might prevent moisture from migrating to unobstructed weep holes and draining. Mortar must also be prevented from creating solid barriers in the airspace. Adjustable masonry ties are protected from mortar droppings, assuring independent movement for thermal expansion.

04  21  13
Brick (Clay Masonry Units)

Bricks are the most common form of earthen building product in the country and are available from a large number of “local” sources. Bricks are typically fired in large kilns at very high temperatures and, therefore, have significant embodied energy. 

Brick often incorporates recycled brick which if reclaimed from a job site can qualify as post-consumer recycled content. Brick manufacturers also use bottom ash, a post-industrial waste, for 10 to 12% (by weight) of the clay body. Other post-industrial materials used include fly ash, sludge, and because of the inert properties of brick, even contaminated soil and sawdust. One company uses waste from a nearby ceramic manufacturer as grog. High-temperature firing enables waste materials--even toxic materials like oil contaminated soil--to be safely incorporated into certain products. 

Traditionally used as a load-bearing material, clay bricks are now more commonly used as exterior cladding. Different colors of brick are created with different clays, additives, and firing techniques. Bricks can easily be salvaged from building demolition, providing significant resource savings compared with new brick (though salvaged brick may need to be tested for structural properties and moisture resistance).

Although brick can be reused after being salvaged, the brick industry association warns against this practice. Used brick may not meet the requirements of present-day specifications and may not bond properly. Clay brick scraps can be crushed and used for landscaping as brick chips. 

04  22  00
Concrete Unit Masonry

Concrete masonry units often incorporate about 10% post-consumer recycled materials. According to the NCMA (National Concrete Masonry Association), supplementary cementations materials such as fly ash, silica fume and slag cement are considered post-industrial materials. Concrete masonry that incorporates recycled concrete masonry, glass, slag or other recycled materials as aggregate qualify as post-consumer recycled. Concrete block is manufactured in many locales using locally abundant and readily available indigenous materials. The thermal mass of interior concrete blocks which are exposed to direct sunlight is also often coupled with passive solar design. 

Due primarily to the cement component, CMUs have an embodied energy of about 730 to 1000 Btu/lb; or 24,000 to 32,000 Btu/unit. Moreover, their manufacture contributes significant amounts of carbon dioxide to the atmosphere. Thus, all the more reason to limit the use of virgin resources whenever possible.

04  22  00
Insulated Concrete Blocks
Insulated concrete blocks have their cores filled with insulation (except for those cells requiring structural steel reinforcing and concrete infill). There are several ways to incorporate foam insulation - such as expanded polystyrene, polyisocyanurate, and polyurethane - into concrete blocks. The hollow cores of concrete blocks can be filled by pouring and/or injecting loose foam beads or liquid foam. Some manufacturers also make concrete blocks that accommodate rigid foam inserts. Concrete blocks can be filled with vermiculite or perlite pellets. Polystyrene inserts (designed to fit standard cored masonry units of various widths) are placed in the block cores to increase the overall unit thermal resistance by about R-2 per inch. Inserts also improve the sound transmission resistance of uninsulated concrete blocks

04  22  00
Autoclaved Aerated Concrete (AAC) Masonry Units

A mixture of cement, lime, water and sand that expands by adding aluminum powder was discovered to be useful by the Swedes about a century ago. It was a material like wood but without the disadvantages of combustibility, decay, and termite damage. This material has since been further refined to what we know today as autoclaved aerated concrete (AAC).

In the product’s manufacture, Portland cement is mixed with lime, silica sand, or recycled fly ash (a byproduct from coal-burning power plants), water, and aluminum powder or paste and poured into a mold. Steel bars or mesh can also be placed into the mold for reinforcing purposes. The reaction between aluminum and concrete causes microscopic hydrogen bubbles to form, and expand the concrete to about five times its original volume. After evaporation of the hydrogen, the now highly closed-cell, aerated concrete is cut to size and form and steam-cured in a pressurized chamber (an autoclave). The result is a non-organic, non-toxic, airtight material that can be used in non- or load-bearing exterior or interior wall, floor, and roof panels, blocks, and lintels. AAC has very good sound-absorbing characteristics and can be worked with conventional carpenter's tools, making site modifications relatively easy. It is also nontoxic, fire-resistant, and insect-resistant. 

Two varieties of solid, precast autoclaved concrete masonry units are now available: autoclaved aerated concrete (AAC), and autoclaved cellular concrete (ACC). Since air makes up 80% (by volume) of the material, autoclaved concrete has ten times the insulating value of conventional concrete. The R-1.1 per inch blocks are large, light, and have a flat surface that looks like a hard, fine sponge. Mastic or a thin mortar is used to construct a wall, and the wall then often gets a layer of stucco as the finish. Autoclaved concrete is easily sawed, nailed, and shaped with ordinary tools. Since the material absorbs water readily, it requires protection from moisture. Precast autoclaved cellular concrete uses fly ash instead of high-silica sand as its distinguishing component. 

04  40  00
Stone

The properties of a stone that normally determine its appropriateness for a particular architectural use are durability, strength, hardness, density, and appearance. The use of stone also offers other inherent advantages including:
A. LEED credits are given to products manufactured within 500 miles of the project to reduce the environmental impacts resulting from transportation and support regional economics.

B. 100% of quarried stone can be used. Waste incurred through the quarry process can be turned into rip rap or gravel. Waste from the fabrication process can be turned into by products such as pavers and cobblestones and the run off from that process can then be turned into gravel. 
The quarrying and fabrication process of most stone produces very little pollution/waste and is energy efficient compared to the massive quantities of electricity and oil used in making competitive construction materials such as cement, ceramic, plastic or metal.

There is no waste in the quarrying and fabrication of stone. Blocks are cut into slabs, tiles and cut to size products. Project overruns can be cut into pavers and cobblestones with the run off of that turned into crushed stone. When quarries have become obsolete they can be refilled and converted into forested/life giving or agricultural lands. 

04  72  00
Cast Stone Veneer Blocks

Cast stone veneer block products are available with coal fly ash replacing 60% or more of the Portland cement used in typical cast stone (with a slight decrease in compressive strength, and a darkening of color). Veneer blocks are available, with either a smooth or a chiseled face, in a range of sizes, trim profiles and end pieces. 

Cast stone is generally a highly customized product. In the past, molds were often used once for a project and then discarded. Now, however, manufacturers are introducing standardized products and giving designers a menu to choose from.

PART 3 
EXECUTION

Not Used

END OF DIVISION
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DIVISION 05
Metals

PART 1
GENERAL

The embodied energy of recycled steel (including mining the components, manufacturing processes, and transportation) is approximately one-fourth of the energy it takes to create steel from virgin material. This is a persuasive reason to specify high recycled content structural steel for university projects. The use of recycled steel also benefits the environment by reducing air and water pollution from manufacturing, environmental degradation through mining, and waste production. 

Metals do not often come immediately to mind when one thinks of environmentally-preferable materials. However, steel and other metals have properties that make them very environmentally desirable, including: easy recycling, strength, and durability. Steel construction can also be lightweight - and allow for large daylight admitting glass areas. The key to using metals in an environmentally responsible way is to make certain that metals are the most appropriate material for the specific application. And be sure to identify and salvage all available metal as part of any university deconstruction project.

1.1
Key Environmental Issues

A. Use the most efficient structural sections which may sometimes include consideration of castellated I-beams.

B. Use high-recycled-content steel (reduces pollution, conserves resources and energy). 
C. Select metal finishes with consideration given to their environmental characteristics.

D. Obtain materials from local sources (conserves transportation energy).

E. Be aware that the high conductivity of metals can cause thermal bridging at exterior walls which wastes energy and can lead to moisture damage (including mold growth) due to condensation. 

1.2
LEED Applications

The following products and work of Division 05 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resource.

A. Structural Steel:

· MR 3 Resource Reuse 

· MR 4 Recycled Content 

B. Cold Formed Metal Framing:

· MR 3 Resource Reuse 

· MR 4 Recycled Content

1.3
Galvanizing

Zinc is used in the hot-dip galvanizing process to protect steel from corrosion and in so doing makes building components longer-lasting - a green trait. Galvanized steel is 100% recyclable. There are no solvents or other ozone depleting components used in its manufacture or application. According to the industry, zinc is the 27th most abundant element in the earth's crust and is fully recyclable.

1.4
Powder Coating

Powder coating is an increasingly popular dry finishing process that uses finely ground particles of pigment and resin which are electrostatically charged and sprayed onto electrically grounded parts. The charged powder particles adhere to the parts until melted and fused into a uniformly flowing coating in a curing oven. There are two types of powder coatings - thermoplastic and thermosetting. Thermoplastic powder coatings melt and flow when heat is applied - but continue to have the same chemical composition once they cool and solidify. 

Parts to be powder coated are first exposed to a pretreatment operation to ensure that the surface to be coated is clean and free of grease, dust, oils, rust and other residue. The specific pretreatment process selected is a function of the characteristics of the coating, the substrate and the end use of the product being coated. 

Because powder coatings contains no solvents, the process emits negligible, if any, polluting volatile organic compounds into the atmosphere and does not require venting, filtering and solvent recovery systems as is necessary with liquid finishing. Exhaust air from the coating booth can be safely returned to the coating room and less oven air is exhausted to the outside, making the powder coating process a safer and cleaner finishing alternative that saves considerable energy.

PART 2
PRODUCTS

05  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency requires the following minimum recycled content of materials in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials.

MATERIAL
MIN RECYCLED/RECOVERED
Framing Steel
30% recycled steel1
1. represents the average recycled content for the U. S. steel industry. Use of U. S. manufactured steel will meet this requirement. 

05  12  00
Structural Steel Framing

A. On a pound-for-pound basis, steel is both the most energy-intensive framing material, and the most recyclable. According to the national steel, virtually 100% of the structural steel produced in the United States is now recycled. Steel is durable; requires little maintenance; and can be protected effectively, by means of metallic or organic coatings, against corrosion and various types of deterioration.

B. Steel I-beams are designed on the basic principle that most of the stresses on a beam are at the top and the bottom. Open-web trusses and joists extend this principle much further, using only spaced diagonal members to connect the top and bottom chords. In between these two options are castellated I-beams - essentially, regular I-beams with much less material in the web. While such beams are listed as a standard shape by the British Steel Construction Institute, they are not nearly as commonly used in the U.S.
05  20  00
Steel Joists

Steel joists (and joist girders) are designed as trusses to support floor and roof loads. They are efficient structural configurations since they can support loads with less total material than other steel shapes. Steel joists and girders can also allow some mechanical, electrical and communication systems to pass through the spaces between truss members, saving space above the ceiling. Steel joists, are typically provided with 90 percent or more recycled content.

05  30  00
Metal Deck

Metal deck is designed for use on both floors and roofs. Due to the fluted configuration of the deck, metal deck has a high strength to weight ratio. Metal deck can be used with concrete in an assembly referred to as “composite deck.” The composite combination of metal deck and concrete can span greater distances with less material than non-composite systems. Metal deck is available un-coated, primed, and galvanized (to extend the life of the metal substrate). Un-coated and primed decks are the easiest types to fireproof, and the easiest to recycle. During building deconstruction, the zinc coating applied to galvanized decking may present a problem to some recyclers. Metal deck is typically supplied with 60 percent or more recycled content.

05  40  00
Cold-Formed Metal Framing

Steel studs are lightweight, dimensionally stable, resistant to insect damage, and do not promote the growth of mold which requires an organic nutrient source and moisture to grow and flourish. Cold-rolled steel framing typically contains about 60-70% recycled material, and is 100% recyclable. Framing members are now available which are not solid in cross-section and thus save material.

Despite the advantages of light-gauge steel, its use can adversely affect a building's energy performance when used in exterior wall applications because of thermal bridging through the highly conductive steel. To address this problem, foam insulation is often used to cover the entire inside or outside surface of a wall.

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 06
Wood, Plastics and Composites
PART 1
GENERAL

Division 06 includes products for rough carpentry, heavy timber construction, prefabricated structural or “engineered" lumber, finish carpentry, wood treatment and prefabricated structural plastics. Wood and plastics are both building materials which are commonly used because of their versatility, durability, availability, and cost. In the past, these materials have been used with little thought to their origin or the impact of their use on the environment. Now, however, concern over preserving our natural resources is influencing our selection of wood products. Because wood is a renewable resource, it also has the advantage of being able to be grown, harvested and used at a sustainable rate. Unfortunately, our society doesn’t widely practice this yet and we are depleting our tropical and old-growth forests at an unsustainable rate.
Universities and their architects are in a position to demand that wood products are derived from sustainably managed forests. Truly sustainable forest practices include: maintaining a sufficient amount and broad variety of mature, naturally-occurring trees; properly maintaining the health of soil, water, air, and the entire ecosystem; and preserving the integrity of wildlife habitats.

1.1
Key Environmental Issues

A. Use alternatives to conventional preservative treated wood (that uses CCA).

B. Consider the use of Certified Wood and can earn a LEED credit.
C. Use formaldehyde-free composite woods (i.e., plywood, OSB, MDF and particleboard).

D. Look for opportunities to salvage wood on university deconstruction projects and also to utilize reclaimed wood. 

1.2
LEED Applications

The following products and work of Division 06 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resource; EQ refers to Environmental Quality.
A. Lumber

· MR 3 Materials Reuse
· MR 5 Local/Regional Materials

· MR 7 Certified Wood

B. Plywood

· MR 3 Materials Reuse
· MR 4 Recycled Content

· MR 5 Local/Regional Materials

· MR 7 Certified Wood

C. Oriented Strand Board (OSB)

· MR 5 Local/Regional Materials

· MR 6 Rapidly Renewable

· MR 7 Certified Wood

D. Particleboard & Medium Density Fiberboard (MDF)

· MR 4 Recycled Content

· MR 5 Local/Regional Material

· MR 6 Rapidly Renewable

· MR 7 Certified Wood

· EQ 4 Low Emitting Materials

1.3
Engineered Wood 

Today, engineered wood products make far more efficient use of available resources than ever before and can be manufactured from fast growing, underutilized, and less expensive wood species grown in privately managed forests. By-products from production processes - small chips or unusable bits of wood - can be recycled and reused. Engineered wood also eliminates many of the defects found naturally in wood, thereby improving upon many of the material's inherent structural advantages.

1.4
Certified Wood

Currently there are two primary forest management certification and product labeling operating systems in the United States. They are the Forest Stewardship Council-U.S. Working Group (FSC-US) and the Sustainable Forestry Initiative (SFI) of the American Forest & Paper Association. Both programs seek to advance the overarching goal of improving forest management practices in the United States.The Forest Stewardship Council (FSC-US) was chosen by the United States Green Building Council (USGBC) as the independent forest management certification authority for the Leadership In Energy and Environmental Design (LEED) Rating System.

The FSC-US has established standards in sustainable forest management and instituted a mechanism - third party certification - to ensure that these standards are followed. In addition to addressing its environmental impact, the FSC-US considers the impact of logging on local communities and indigenous peoples and supports their interests. 
1.5
Formaldehyde

Formaldehyde, a colorless, pungent-smelling gas, can cause watery eyes, a burning sensation in the throat, nausea, and difficulty in breathing in some humans exposed at elevated levels (above 0.1 parts per million). High concentrations may also trigger attacks in people with asthma. And there is evidence that some people can develop a sensitivity to formaldehyde. It has been shown to cause cancer in animals and may cause cancer in humans. Other health effects include nose irritation; wheezing and coughing; fatigue; skin rash; and severe allergic reactions. 

A huge quantity of composite wood products (such as particleboard, medium density fiberboard, hardwood plywood, and composite veneer) is sold in New Jersey annually containing urea-formaldehyde resins. Increasingly, however, composite wood building products are being brought to the market that are formaldehyde-free or nearly formaldehyde-free. Using formaldehyde-free or nearly formaldehyde-free emitting products in construction is a pollution prevention measure that can reduce formaldehyde exposure by controlling the source.

1.6
Salvaged Wood

The incorporation of salvaged materials into a construction project instills a sense of depth and character, and can bring many environmental and economic benefits to a project. The New Jersey area has a growing number of businesses that collect, sort, and, in some cases, refurbish a great variety of salvaged building materials and products. Typical items include:

· Beams & Timbers (must be re-graded if used for structural applications) 

· Framing Lumber (for partition walls and other non-structural applications) 

· Siding 

· Hardwood Flooring 

· Molding & Trim 

· Wainscot 

· Doors & Windows 

· Cabinetry 

PART 2
PRODUCTS

06  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials, requires the following definition of Low VOC Content Levels:

MATERIAL
MAX VOC CONTENT

Plastic Laminate Adhesive 
20 g/L VOC content
Casework and Millwork Adhesives
20 g/L VOC content
Transparent Wood Finish Systems
350 g/L VOC content

06  00  00
Wood Restoration And Cleaning

Products included here are for cleaning, refinishing, preserving, and treating wood. Look for low-VOC fluids and chemicals, and products with high recycled content. Epoxy wood consolidation products may be low-VOC, but the manufacture of epoxy utilizes Bisphenol A (BPA) - a hotly-debated bio-accumulating chemical that many feel is endocrine-disrupting at very minute levels.

06  05  70
Fire-Retardant-Treated Wood 

Fire-retardant treated wood (FRTW) is material which has been pressure-impregnated with special chemicals to improve performance in a fire. Fire-retardant chemical treatments retard the spread of flame and limit smoke production from wood in fire situations. Most available products utilize a fire-retardant chemical that is incorporated throughout the product. At least one manufacturer, however, offers particleboard and MDF panels that rely on an intumescent coating instead which will expand and char when subjected to heat. Some products also use Forest Stewardship Council-certified wood.

06  05  73
Preservative-Treated Wood and Alternates

Chromated copper arsenate (CCA), the most widely used wood preservative, is used to protect wood from insect attack and decay. In 2002 the US EPA announced a voluntary determination by the wood preservative industry to discontinue the consumer (residential) uses of CCA. While the US EPA has not concluded there is an unreasonable risk to the public from these products, it does publicize that any reduction in exposure to arsenic, a known human carcinogen, is desirable. US EPA's voluntary decision, however, does not extend to commercial construction. Alternatives to CCA preservative treated wood include:

A. ACQ: Licensed suppliers of treated wood preservative have developed a new generation of chemical mixes: ammoniacal copper quartenary (ACQ), copper azole and copper citrate. In addition, other recipes to protect wood without arsenic or chromium are also available. Of the chemical mix alternatives, ACQ is generally considered to be the least expensive.

B. Sodium Silicate Formula: Wood can also be treated by a tried and true sodium silicate formula that protects it by eliminating the toxic and corrosive side effects associated with conventional arsenic- and copper-based treatments. When wood infused with this sodium silicate based formula is heated, the compound polymerizes to form larger and larger molecules. In the process, the silicate molecules are rendered insoluble, thereby eliminating the treated wood’s attractiveness to insects and microbial organisms. Sodium silicate is a fairly harmless chemical that has been widely used in laundry detergent. The product also claims to not be corrosive to steel.

C. Tropical Hardwood: Ipe (E-pay) is a durable teak-like tropical hardwood sold as Ironwood or Pau Lope (pow-Low-pay). Twice as strong as oak, Ipe is more durable than redwood and cedar. It has a life expectancy of 40 years or more, and is resistant to insects and decay. Ironwood is backed by a 25-year transferable warranty, while Pau Lope comes with a 20-year limited warranty. All grades are virtually knot-free, and tight grain patterns make this wood impervious to water. 

D. Redwood and Cedar: Redwood and cedar heartwood are attractive in appearance and have a natural resistance to rot and insects. Boards are very easy to cut and can be left untreated to weather naturally. Both wood types are expensive and have a life span of over twenty years.
06  08  00
Certified Wood Products

Certified wood products are verified as originating from well-managed forests based upon Forest Stewardship Council (FSC) standards. The variety of products that are certified or are using certified wood is always growing but includes: most sizes of solid lumber; plywood, engineered wood products, decking, domestic and tropical hardwoods, siding, flooring, doors, millwork, and furniture. The FSC Chain of Custody Certification provides a system for tracking certified wood from the forest, through each stage of production and distribution, to the point of sale (see Division 1 - Definitions). The material cost premium for certified wood varies greatly depending upon the item, species and other factors but typically is in the 2 to 15% range. 

06  11  13
Engineered Structural Wood

Engineered wood structural members offer strength, versatility and economy for use in residential and light commercial applications. I-joists are comprised of top and bottom flanges of various widths joined by webs of various depths. The flanges resist common bending stresses, and the web provides outstanding shear performance.

I-joists can be manufactured using solid sawn lumber or structural composite lumber for the flange components, and plywood or oriented strand board for the web. This versatility allows the manufacturer to make the most efficient use of wood fiber resources in their region while producing products that consistently perform to known standards.

Most engineered wood products are made using phenol formaldehyde (PF) binders which can off-gas formaldehyde - but much less than if urea-formaldehyde (UF) binders were used. Some manufacturers are now beginning to use formaldehyde free binders - sometimes along with certified wood.

06  12  00
Structural Insulated Panels 

Most structural insulated panels (SIPs) consist of two outer panels (often OSB) sandwiching an insulating foam core. The insulating core of SIPs is most commonly made from expanded polystyrene (EPS), though in some cases polyurethane foam, or even compressed straw, is used. SIPs are manufactured in a range of thicknesses from about 4” to 12” which provide R-values ranging from about R-15 to R-45 with EPS. 

Of the foam core materials, EPS has the environmental advantage of being blown with non-ozone-depleting pentane. In response to problems with insects burrowing in SIP foam cores, look for panels that incorporate borate compounds into their products. Without the borate treatment, it is sometimes necessary to use insecticides on an ongoing basis in and around SIP buildings. SIP buildings can be quickly assembled, particularly when panels are factory-cut, including door and window openings.

06  13  00
Reclaimed Wood Lumber

Reclaimed wood is usually salvaged from buildings slated for demolition, abandoned railroad trestles, and "sinker logs" that sank decades ago during river-based log drives. It can also be from trees that have been recently harvested from urban or suburban areas (such as disease-killed trees). Reclaimed wood is often available in species, coloration, and wood quality not otherwise available in newly harvested timber. In planning to use reclaimed wood, however, it is necessary to order in advance and be sure that adequate quantities of the desired product are available. 

Reclaimed wood use is desirable environmentally because it is not tied to recent timber harvesting, is a reuse of materials, and can reduce the quantity of waste going into landfills. As with other resources, the supply of reclaimed wood is limited. Efficient and appropriate use of reclaimed wood is important for its long-term availability.

Pressure-treated wood should not be salvaged as it would most likely contain chromium and arsenic. 

06  16  00
Plywood

Manufactured from thin sheets of cross-laminated veneer and bonded under heat and pressure with strong adhesives, plywood has been one of the most widely used building products for decades. Plywood is available in a wide variety of appearance grades ranging from smooth, natural surfaces suitable for finish work and underlayment to more economical grades used for wall sheathing and subfloors. 

Plywood is used in any application that needs “high quality” wooden sheet material that is resistant to cracking, breaking, shrinking, twisting and warping. Plywood is also used as an engineering material for stressed skin applications and has been used in this fashion for marine and aviation applications since the WWII era. 

FSC-certified plywood products are available, as are products which use non-formaldehyde binders. Available from at least one plywood plant (in Oregon), is formaldehyde-free plywood using a patented, soy-based adhesive.

06  16  00
Oriented Strand Board (OSB)

Oriented Strand Board (OSB) is manufactured from waterproof heat-cured adhesives and rectangularly shaped wood strands that are arranged in cross-oriented layers, similar to plywood. This results in a structural engineered wood panel that shares many of the strength and performance characteristics of plywood. Produced in huge, continuous mats, OSB is a solid panel product of consistent quality with no laps, gaps or voids.

OSB panels can be manufactured from a wide range of fast-growing species and from relatively small trees. The production process utilizes a maximum amount of wood fiber from each tree that is harvested, and because the process is highly automated the yield of finished product is very high. OSB products are available which use non-formaldehyde binders, nontoxic (to humans) borate insect treatments, or have FSC Certification

06  16  26
Flooring Underlayment

Underlayment products for flooring serve several functions and can be made from a variety of materials. Environmentally preferable materials for flooring underlayment include natural cork and recycled-content fiberboard. Using underlayment products below wood, tile, resilient flooring, or carpet/carpet cushion provides a level surface and helps insulate floors from sound transmission and heat loss. Use of a sound-deadening underlayment below a hard-surface floor can reduce the need to further control sound transmission with carpeting or rugs.

06  17  00
Medium Density Fiberboard (MDF)

Medium Density Fiberboard (MDF) is a type of hardboard, which is made from wood fibers glued under heat and pressure. MDF is often used instead of plywood or chipboard because it is dense, flat, stiff, has no knots and is easily machined. Ease of machining, however, must come with a caution since MDF is usually manufactured from sawmill waste and a urea-formaldehyde (UF) binder which is a probable carcinogen. 

06  17  00
Particleboard

Particleboard is made from larger wood fiber particles than MDF, has a lower density, and does not mill as cleanly as MDF. Particleboard products may be low- or zero-formaldehyde, or may be made from FSC-certified or recovered-waste fiber. Particleboard can also be made of straw - an agricultural waste product that remains after the harvesting of grains such as wheat, oats, rice, and rye. The finely chopped straw fibers are pressed into panels along with a formaldehyde-free MDI (methyl diisocyanate) binder. The MDI binder imparts greater strength and moisture-resistance to the material than conventional urea-formaldehyde binders. Straw particleboard is 20% lighter than wood particleboard and provides good machinability for many lighter-duty applications. 

06  17  36
Wood Joists with Metal Webs

Wood joists with metal webs are lightweight, high-strength framing members that can provide long, clear spans and do not require drilling for mechanical and electrical systems. 

06  42  00
Certified Wood Veneer Panels

Wood veneer panels can be made with certified veneers on various cores. The most environmentally-preferable cores are made from certified wood, recovered wood, or straw particleboard. Wood products with at least 30% FSC-certified wood content can carry the FSC eco-label under the percentage-based claim standard (or less than 30% if the rest is recovered material). Urea-formaldehyde (UF), phenol-formaldehyde (PF), and methyl diisocyanate (MDI) binders are used in these materials, though UF is currently the most common. UF binders can off-gas significant concentrations of formaldehyde gas, which is a probable carcinogen and an indoor air quality concern.

06  51  13
Plastic Lumber

Plastic lumber is often preferred to wood for outdoor use because it is extremely durable, requires little maintenance, and is resistant to decay, splintering and graffiti damage. Most plastic lumber is made from the plastic HDPE, the typical packaging choice for milk jugs and liquid laundry detergent bottles. The amount of recycled content used in plastic lumber varies by product - some contain as much as 100 percent post-consumer plastic. 

Plastic lumber is used in a variety of applications familiar to the campus including benches, picnic tables and decks. For machining purposes, plastic lumber is equivalent to a dense wood such as maple and can be sawed, planed and drilled without cracking. Plastic lumber often offers an excellent alternative to chemically treated wood and does not leach toxic chemicals into the soil or water.

Plastic lumber can accept most types of fasteners and is workable with standard saws and carbide blades. Plastic lumber is not a suitable replacement for load-bearing structural components. Plastic lumber also experiences great rates of thermal expansion and contraction. It typically outlasts treated wood products. 

06  71  00
Wood-Plastic Composites (WPC)

The incorporation of wood or other natural fibers into a plastic matrix results in a new type of product: wood-plastic composites (WPCs) that can be processed like a plastic material but commonly includes up to 60% wood. Like plastic lumber, it will not rot, crack, or splinter, and the wood fiber adds considerable strength. Wood composite materials generally have a more natural coloring and appearance than 100%-plastic materials. The wood fibers, however, may absorb water and the color may fade over time. The construction industry has begun to use WPCs in applications such as lumber for decking, siding, and roof tiles. Despite gains in the market, however, concern remains about the durability of WPCs exposed to outdoor environments, particularly to ultraviolet (UV) light and low temperatures.

PART 3
EXECUTION

3.1
Disposal of Wood

CCA-treated wood should not be burned. Not even in state-of-the-art incinerators since the heavy metals in CCA are not destroyed with the chromium and copper becoming concentrated in the ash, while the arsenic becomes a vapor that either escapes into the air or is trapped in pollution control equipment. In many states the issue of whether or not ash from municipal incinerators must be handled as hazardous waste is a topic of debate.

Creosote-treated wood can be burned safely in high-temperature municipal or industrial incinerators or waste-to-energy plants, since the creosote is a coal-derived hydrocarbon which in fact provides additional energy content. 

END OF DIVISION
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DIVISION 07
Thermal and Moisture Protection

PART 1
GENERAL

Thermal insulation is a crucial building material that has been subject to many improvements in recent years. Of primary concern is the material’s R-factor or resistance to heat flow. Various types of blanket, loose-fill, foamed-in-place, blown, sprayed and board insulation are available to meet thermal protection needs in cavity walls, attics, sheathing, and roofing underlayment. Each product has specific advantages and disadvantages. 

The products of Division 07 also keep buildings dry. Perhaps because waterproofing a building is so important, the smell of hot asphalt or coal tar was historically considered acceptable. Today, however, people are far less tolerant. Fortunately, the waterproofing and roofing industries have made great progress in developing environmentally improved products (including those that can be recycled) without compromising basic weather protection performance. 

Roofing work has changed greatly in recent years. Built-up roofing which is a relatively-dirty, difficult, and fume-producing process has fallen out of favor. Today, a large portion of the roofing market consists of the installation of high-performance single-ply membranes including protected membrane roofs which are constructed from a variety of membrane types covered by insulation and gravel or ballast. Green “vegetated” roofs are increasingly used in the U.S. as well.  They can be used to reduce storm-water runoff, conserve energy, reduce the heat island effect, extend the service life of the roof membrane, and serve as an additional campus amenity. 

1.1
Key Environmental Issues

A. Begin by selecting waterproofing and roofing products for their long-term watertightness. Then evaluate the product’s positive environmental attributes.

B. Working with petroleum products traditionally associated with much waterproofing and roofing work is potentially hazardous to the health of workers and others. 

C. Consider limiting the use of rigid foams which use HCFC expanding agents which contribute to the depletion of the ozone layer. Also realize, however, that foams such as extruded polystyrene have other very compelling properties such as high thermal and water resistance.

D. Consider insulation R-values above those required by code in order to conserve energy and reduce energy loads. 

E. Research products of this Division with attributes that deserve scrutiny. Specifically, there are health questions related to fiberglass and formaldehyde. Reformulated and substitute products are available. 

F. Understand the performance of insulation. Soft insulations, such as loose fill and batts, will typically not prevent heat transfer as well as rigid, closed-cell insulation. 

G. Incorporate air barriers into many wall systems to reduce air infiltration.

H. Use “Green Roofs” most frequently when their attributes of energy conservation, load reduction, storm water savings, and service as an amenity are present.

I. Use metal roofing for rainwater catchment systems when possible to minimize filtration.

1.2
LEED Applications

The following products and work of Division 07 are related to credits in the LEED Green Building Rating System (Version 2.2). “Pre” refers to Prerequisite. “SS” refers to Sustainable Sites. “EA” refers to Energy & Atmosphere. “MR” refers to Materials & Resource. “EQ” refers to Environmental Quality.

A. Damproofing and Waterproofing

· SS Pre-1 Erosion and Sedimentation Control 

· SS 5 Reduced Site Disturbance 

· EQ 3 Construction IAQ Management Plan 

· EQ 4 Low-Emitting Materials 

B. Insulation

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance 

· MR 4 Recycled Content 

· EQ 4 Low-Emitting Materials

C. Air Barriers

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

D. Roofing

· SS 7 Landscape & Exterior Design to Reduce Heat Islands 

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance 

· MR 4 Recycled Content

E. Green Roofs

· SS Pre-1 Erosion and Sedimentation Control 

· SS 6 Stormwater Management 

· SS 7 Landscape & Exterior Design to Reduce Heat Islands 

· MR 4 Recycled Content 

F. Sheet Metal Roofing

· MR 4 Recycled Content

G. Joint Sealants (Interior)

· EQ 3 Construction IAQ Management Plan 

· EQ 4 Low-Emitting Materials 

PART 2
PRODUCTS

07  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency requires the following minimum recycled content of materials in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials.

MATERIAL
MIN RECYCLED/RECOVERED
Fiberglass batt insulation
20% recycled glass cullet2
Fiberglass board insulation
20% recycled glass cullet2
Mineral wool insulation
75% recycled material (slag) 2
Mineral wool safing insulation
75% recycled by weight (slag) 2

2 = As per US EPA Comprehensive “Guideline”, May 1996.

07  10  00
Damproofing and Waterproofing

Until relatively recently, most damproofing and waterproofing products were hot applied asphalt-based materials which posed a health threat to workers and were, at least, an annoyance to people nearby. Today there are many less noxious alternatives - mostly materials that are cold applied by trowel, or sprayed. Be aware, however, that these alternatives may first require the application of a primer which contains odorous VOCs. Rubberized asphalt waterproofing is available with up to 25% recycled content.

Field applied bituminous coatings and mastics shall comply with limits for Volatile Organic Compounds (VOC) per the National Volatile Organic Compound Emission Standards for Architectural Coatings pursuant to Section 183(e) of the Clean Air Act as follows: Bituminous Coatings and Mastics - 500 g/l (4.2 pounds per gallon).

07  17  00
Bentonite Waterproofing

Bentonite is an absorbent clay that expands when wet - and can absorb several times its dry weight in water. Bentonite contains no VOCs and requires no solvent-based primers or adhesives. Bentonite membranes may be used for various conditions in university construction including beneath concrete slabs, against backfilled foundation walls, and for property line construction, such as lagging and metal sheet piling retention walls. The material can be installed on newly-poured concrete as soon as the forms are removed in a wide range of weather conditions, including freezing temperatures.

07  20  00
Cellulose Insulation

Cellulose insulation contains 75-80% post-consumer recycled newspaper and non-toxic fire retardants e.g., ammonium sulfate. The energy performance is about equal to high-density fiberglass batts (approximately R-3.7 per inch). However, cellulose insulation may reduce infiltration more since it is denser and packs more tightly. To insulate walls, cellulose can either be installed as a wet-spray product with a water-activated adhesive in open wall cavities before drywalling, or in closed cavities by using a "dense-pack" process (density of 3 lbs. per cubic foot or more) which lowers the R-value. Cellulose insulation can also be "loose-filled" into attic spaces. 

Loose-fill cellulose insulation may settle over time, causing a reduction in performance. In addition, if cellulose insulation becomes wet, it is difficult for it to dry inside a wall or ceiling assembly, which may promote mold growth and possibly damage building components. A long-term performance concern with cellulose insulation is possible loss of fire-retardant borate chemicals which are water soluble and can leach out if the insulation gets wet.

07  20  00
Fiberglass Insulation

Fiberglass insulation usually has at least 20 to 40% recycled-glass content which is a mix of post-industrial and post-consumer bottle glass. It is made primarily from silica spun into glass fibers and contains a binder that often contains phenol-formaldehyde (PF). As a result, off-gassing from formaldehyde can be a moderate indoor air quality concern. However, the industry has responded, and some fiber glass insulation products are now available that are formaldehyde-free. The thermal performance of fiberglass is typically R3.5 to R-3.7 per inch depending upon density.

In taking a Life-Cycle Approach, some of the benefits of fiber glass emerge when looking at its impact over the life of the product from pre-manufacturing, manufacturing, distribution, to use, reuse, maintenance and waste management. According to NAIMA, fiber glass insulation: reduces demand on virgin resources; saves landfill space by using recycled materials; and saves energy and pollution emitted during the manufacturing process. The entire industry has also recycled 9 billion pounds of glass in the last ten years, equivalent to over 30 pounds per U.S. citizen. 

07  20  00
Mineral Wool Insulation

Mineral wool insulation is made from either molten slag - a steel production waste product, natural rock, or a mix of the two. Slag wool accounts for roughly 80 percent of the mineral wool industry, compared with 20 percent for rock wool. Given the relative use of these two materials, mineral wool has, on average, 75 percent post-industrial recycled content.

Mineral wool is very flexible as to the form in which it is applied. Mineral wool can be blown in as loose-fill, used in batts, spray-applied, or formed into rigid board stock. Typical R-values are 2.8 to 3.7 per inch. Mineral wool has a higher density than fiberglass and, therefore, has better sound-blocking properties. It also is more fire-resistant and very hydrophobic, which makes rigid mineral wool boardstock an excellent drainage and foundation insulation material.

07  20  00
Plastic Fiber Insulation 

A relatively new type of insulation entering the marketplace is plastic fiber insulation. Plastic fiber batts are made from recycled polyethylene terephthalate (PET), commonly used to make milk containers. The fibers are thick, making extremely soft batt insulation that looks like high-density fiberglass. R-values vary with batt density: R-3.8 per inch at 1.0 lb./ft3 density; R-4.3 per inch at 3.0 lb/ft3 density. Batts tend to compress and can be difficult to handle.

The recycled content and clean manufacturing process help make this insulation a good addition to the market. This insulation does not irritate the skin. Although it does not burn when exposed to an open flame - it does melt at a low temperature - a limitation not to be overlooked for certain applications. More manufacturers are expected to produce the product in coming years.

07  21  00
Cotton (Denim) Insulation

Cotton insulation is made from post-industrial recycled natural cotton textiles, such as denim. Applications include soundproofing of partitions. Although this type of insulation is not typically fire-rated, nontoxic flame retardants are sometimes added, similar to those used in clothing. Unlike fiberglass and mineral wool, there are no mineral microfibers in cotton insulation that can cause respiratory problems. 
Advantages of cotton insulation include: being non-toxic; no itching; no formaldehyde off-gassing; 10% less sound transmission; better performance at low temperatures and in windy conditions (note: fiberglass can lose 35-50% of its R value when the outdoor temperature is 70 degrees colder than the indoor temperature); equivalent fire performance as fiberglass; contains a low toxic boric acid as flame moisture and insect repellent; there are no carcinogenic respiratory irritations; and it can be recycled. 

07  21  13
Common Application of Foam Insulations

Spray foam and foam boards insulate roofs, curtain walls, masonry cores, foundations, garage doors, pipes and tanks, and other architectural features.. They also serve as sheathing and insulation on the inside surface of a basement or beneath a slab-on-grade floor. Foam insulation sprayed or placed in wall and floor cavities both insulates and soundproofs. 

Many variables affect the final R-value of foam insulation: the initial density of the foam; the blowing gas used (CFC, HCFC, CO2, air, or a number of other gases); how the panels are handled (dents and chips in the panel adversely effect the R-value); the type of facing (if any) used, and the conditions under which the panels are installed. 

Since most plastics degrade over time when exposed to the sun's ultraviolet rays, protect these products from the elements. In roof applications, add protection by applying various liquid spray coatings, such as acrylics, silicones, rubbers, and a variety of other roofing compounds. You can also cover the foam with rubber/plastic membranes or layers of asphalt and roofing felt. 

There are a variety of ways to incorporate foam insulation in concrete or masonry walls: pouring loose foam beads into masonry block; manufacturing concrete blocks to accommodate rigid foam inserts; injection of insulation into masonry cores, placing rigid foam insulation inside a cast-in-place wall, and using interlocking rigid foam blocks as permanent forms for concrete foundations. Some contractors may also use lightweight or insulating concrete blocks that have polystyrene beads in the concrete mixture. 

Some foam insulations can also be used to fill the cavities of exterior frame walls. Many of the foam insulation applications to exterior building components satisfy a dual role of providing insulating value and also greatly reduced air infiltration.

07  21  19
Cementitous Foam Insulation

This foamed-in-place material has become popular both for environmental and health reasons. It is an inorganic foam produced from magnesium oxide which is derived from sea water. The insulation is foamed under pressure with a microscopic cell generator and compressed air; no CFCs or HCFCs are used. Because of its inorganic composition, the material has very low VOC emissions, is totally inert, and non-combustible. It is foamed in place in closed wall or masonry block cavities, or behind mesh in open cavities to form a lightweight and rigid, but very friable, foam. Since it is not temperature sensitive, it can be installed indoors under any weather conditions. This insulation is non-flammable and has an R-value of about 3.9 per inch. 

07  21  19
Expanded Polystyrene (EPS) Foam Insulation 

From a manufacturing standpoint, expanded polystyrene (EPS) insulation is preferred environmentally to extruded polystyrene (XPS) insulation. EPS is expanded by pentane gas which doesn't deplete the ozone layer or contribute to global warming. Architecturally, EPS foam insulation’s thermal and mechanical properties make it a suitable insulation for many commercial applications. However, EPS's R-value of 3.85 per inch is less than the 5.00 per inch of XPS, and its moisture resistance is also somewhat less so care must be exercised when using it in potentially wet areas. EPS is the only common rigid foam board stock insulation made with neither the now banned CFCs nor HCFCs. 
Many foam insulations use recycled plastic resin such as that found in some extruded and expanded polystyrene (EPS). Of the foam insulations, polystyrene is easier to recycle than polyisocyanurate or polyurethane since it can be easily melted down and reformed into other products. The simplest recycling involves crumbling the old EPS into small pieces and re-molding them into usable shapes. 
07  21  19
Extruded Polystyrene (XPS) Foam Insulation

XPS is commonly used for roofing, cavity wall insulation, and foundation insulation because of its impermeability to water and high R-value (R-5 per inch). For years, CFCs were used as blowing agents for XPS and other plastic foam products. However, when evidence first began to appear linking CFCs to ozone depletion in 1978, leading manufacturers began programs to stop using these blowing agents and began converting to other, presumably environmentally safer products. Today, most XPS manufacturers in the US and worldwide use either HCFC blowing agents, which have an ozone depletion potential less than 10 percent of CFC blowing agents, or HCFC-free blowing agents. While better for the ozone layer, some of these agents contribute to global warming potential. Since XPS produces toxic fumes when it burns, codes require that it not be left exposed after installation. 

07  21  19
Foamed Glass insulation

Foamed glass architectural insulation has many potential uses but fills a particular niche as tapered roof insulation. The material offers long-term performance without degradation of its thermal and structural properties. It also has high dimensional stability which prevents warping, shrinking, swelling, slumping or other distortion and helps preserve the integrity of the total roof system. Two-inches of the material has an R-value of 6.25 at 75 degrees F. At 50 degrees F, the R value increases slightly to 6.45. 

Foamed glass is entirely non-combustible, highly corrosion-resistant, dimensionally stable under extreme temperature and humidity conditions, and exhibits exceptional compressive strength. 

07  21  19
Phenolic Foam (Foamed-In)
For several years, a high R-value phenolic rigid insulation board was on the market. However, because the foam boards sometime shrank, warped, or decomposed, manufacturers stopped making it. However, phenolic insulation is still available as a foamed-in product. It has a R-4.8 per inch resistance value, uses air instead of an ozone-harming fluorocarbon as a blowing agent, and has good fire resistance. The major disadvantage of phenolic foam is its shrinkage, which ranges from 0.5 to 1.5%. 

07  21  19
Polyurethane Foam 

New closed-cell polyurethane foam insulations use HFC-134a, a non-chlorine blowing agent, which is not ozone-depleting. The new products offer a reported aged R-value of R-6.5 per inch thickness. Although it does not affect the ozone layer, a recent study showed that high concentrations of HFC-134a in the environment may damage wetlands and plant growth. 

All closed-cell polyurethane foam insulation made today is produced with a non-CFC (chlorofluorocarbon) gas as the foaming agent such as a HCFC. Their density is generally 2.0 lb/ft3. 
There also are low-density open-cell polyurethane foams - 0.5 lb/ft3. These foams are similar to conventional polyurethane foams, but are more flexible. Some low-density varieties use carbon dioxide (CO2) as the foaming agent. Low-density foams are sprayed into open wall cavities and rapidly expand to seal and fill the cavity. One manufacturer offers a slow-expanding foam - and thus reduces the chance of damaging the wall from overexpansion. The foam is water-vapor permeable, remains flexible, and is resistant to wicking of moisture. It provides good air sealing and yields about R-3.6 per inch of thickness. It is also fire resistant and won't sustain a flame.

07  21  19
Tripolymer Foam Insulation (TRI)

TRI foam is a non-CFC, non-HCFC cavity-fill insulation used primarily for retrofit installations and in masonry block walls. It is essentially a phenolic foam and was developed as an alternative to urea formaldehyde foam insulation in the late 1960s. It has very good fire resistance properties but does exhibit minimal shrinkage over time, which degrades its thermal performance to some extent. 

07  21  19
Water-Blown Foam Insulation

Water blown foam insulation products are now also available formulated of 99% air and 1% material. These products minimize air leakage to increase energy efficiency, create a healthier indoor environment, and reduce airborne sounds. When applied as a liquid, the material expands to 100 times its volume in seconds. This dramatically reduces the waste volume in comparison to other materials.

These products have an R-value of about 3.6 per inch, and maintain their performance over time with no loss of R-value and without shrinking, sagging or settling. The foam adheres to most construction materials and is a well suited insulation for walls, attics, ceilings and floors. The material has been tested and not been found to be a food source for mold.

For retrofit applications, there is a pourable variation of the product that acts as both an insulation and an air barrier for an existing building. The product fills the wall cavity completely, starting at the bottom and slowly expanding upwards to 60 times its initial volume. Since the material expands in the direction of least resistance, it will not expand outward and damage the wall. The pour fill formula has an R-value of 4 per inch. 
07  21  29
BioBased Sprayed Insulation

BioBased Insulation is a soy-based polyurethane spray-in-place foam insulation with excellent thermal and sound insulating properties. When sprayed into a floor, wall, ceiling, or roof deck, it expands and fills cracks, crevices, and voids to create an effective air tight seal which guards against air infiltration. Unlike traditional insulation (fibrous cellulose & fiber glass), the product is not fiber based and contains no harmful particulates that can cause irritation or allergic reactions. Available products include an open cell, semi-rigid spray foam, and a closed cell, rigid spray foam.

07  24  00
Exterior Insulation and Finish System (EIFS)

Exterior Insulation and Finish Systems (EIFS) are multi-layered exterior wall systems that are generally used on mostly low-rise commercial buildings. The system is also widely known as synthetic stucco. The goal of the system is to provide a well insulated, and nicely finished, watertight exterior wall enclosure. The tightness of the assembly can also significantly reduce infiltration. EIFS systems typically consist of components including insulation board, a durable, water-resistant base coat, and a finish coat. The insulation board, usually polystyrene or polyisocyanurate foam, is secured to the exterior wall surface with a specially formulated adhesive and/or mechanical attachment. Energy efficiency comes from the high R-value foam insulation which is often two or more inches thick. 

There have been a number of well-documented cases where an EIFS system has failed, and led to legal claims about this type of moisture barrier system. Some of these systems rely solely on surface seals for watertightness, which, unless carefully maintained, have a high probability for failure. This leads to hidden water damage, deterioration and mold growth. Barrier wall systems such as EIFS are improved by incorporating a degree of secondary drainage capability and detailing to promote water drainage away from vulnerable joints. 

07  27  00
Air Barriers

Air barriers, which prevent both infiltration and exfiltration of air, are relatively new items in commercial construction. Outside air which penetrates through the envelope or skin of a structure can contain a variety of contaminants including smoke, dust, pollen, and usually most damaging, moisture. Air barriers should be capable of withstanding positive and negative combined design wind, fan, and stack pressures on the envelope without damage or displacement and should transfer the load to the structure. Air barriers should have an air permeability in accordance with recommended standards.

Typically, an effective air barrier is constructed in a cavity wall by using a choice of products and/or membranes to create a comprehensive barrier. Air barriers are becoming more widely recognized as an integral part of the building envelope system, not only to improve the quality of a structure but also to maintain a quality environment within the structure. Air barrier systems should not be confused with vapor barriers (retarders). To be effective, air barriers must be continuous with all joints made airtight.

07  40  00
Roofing and Siding Panels

Manufactured roof and wall panel systems are typically made up of a rigid insulation core sandwiched by sheathing materials. Some systems are structural and can replace wood or metal framing. Systems using rigid insulation panels made with expanded polystyrene or other non-CFC or non-HCFC dependent manufacturing agents are environmentally preferable. While their R-values are only slightly higher than fiberglass batts, the panels' resistance to infiltration generally provides a tighter envelope than traditional site-built framing. Sheathing materials on these panels range widely from materials with a large portion of recycled content to other materials that can be obtained locally. Efficient material use, energy conservation, and ease of construction make this group of products worth considering for various on-campus cladding applications.

07  51  00
Built-Up Roofing (BUR)

The oldest type of low-slope commercial roofing was composed of built-up roofing layers (BUR). Although the earlier popularity of BUR has now been largely supplanted by single-ply membranes, BUR still represents about a quarter of the commercial roofing industry. Typically four plies of felt are applied over a deck of rigid insulation. Each ply is mopped into place by a coating of heated asphalt or coal-tar bitumen. Then on top, a flood coat of asphalt or coal tar has aggregate embedded in it before it cools. The aggregate provides protection to the roofing system from intense sunlight and in the process can reduce cooling energy use and cooling loads 

The heating and mopping of the hot-melt bitumen releases noxious substances, which are responsible for the strong and unmistakable odor noticed during roofing operations. Single-ply membranes and other alternatives are gaining market share. Field applied roof coatings shall comply with limits for Volatile Organic Compounds (VOC) per the National Volatile Organic Compound Emission Standards for Architectural Coatings pursuant to Section 183(e) of the Clean Air Act with limits as follows: Roof Coatings - 250 g/l (2.1 pounds per gallon).

07  52  00
Modified Bituminous Membrane Roofing 

Modified bitumen roofing is similar to BUR, except that a polymer is mixed with the asphalt bitumen to produce a membrane that can achieve the necessary performance with fewer plies (typically two or three). Two basic types of modified bitumen roofing are produced: those modified with atactic polypropylene (APP); and those modified with styrene-butadiene styrene (SBS). The material is typically sold in rolls that can be applied either in a traditional hot-mopped process, or with a torching process with welded joints. 

Compared with BUR, modified bitumen roofing is significantly more flexible, durable, and puncture resistant. The membranes are usually quite thick, 120-180 mils, and with the tough cap sheet, they have nearly as much puncture and impact resistance as built-up roofs with aggregate surfaces. Recycled-content modified bituminous products can reduce overall environmental impacts - as can the use of membrane roofing in a protected-membrane (inverted) roof system. A light reflective surface will save energy, will satisfy ENERGYSTAR requirements, and earn a LEED credit. 

07  53  00
Elastomeric Membrane Roofing

EPDM (Ethylene-Propylene-Diene-Monomer) is a type of fully vulcanized, thermoset synthetic rubber. Carbon black is typically added for UV light resistance and strength. Because it is fully vulcanized, seams cannot be welded and sealed with solvents and adhesives are used instead. EPDM is highly elastic - it can be stretched more than 200% before reaching breaking strain, compared with just 2% for BUR. EPDM is somewhat susceptible to chemical attack from oils and fats, but has excellent ozone and UV resistance. EPDM does not contain chlorine or other halogens, which is an environmental advantage from a materials standpoint, but this results in lower fire resistance than halogenated single-ply membranes. For adequate fire resistance, a surface coating of ballast is generally required. A light reflective surface provided by ballast will save energy and may satisfy ENERGYSTAR requirements and earn a LEED credit. Another option is the use of white colored EPDM sheet, although its long-term UV resistance and other properties may not match those of the black material.  Recycling of EPDM is being investigated by the industry.

07  54  00
Thermoplastic Olefin Membrane Roofing (TPO)

Concerns about the environmental and health impacts and performance characteristics of PVC have led to the development of thermoplastic olefin (TPO) membranes. Polyolefins are a class of polymers that includes polyethylene and polypropylene. These materials obtain their flexibility through the copolymers rather than plasticizers; however, without the addition of fire retardants, some do not pass necessary fire tests for unballasted applications. 

Thermoplastic membrane roofs can be ballasted, mechanically fastened, or fully adhered. Unlike EPDM, thermoplastic membranes can be heat-welded at seams, minimizing use of solvent-based adhesives. The light reflective color of thermoplastic membrane roofing will save energy and may satisfy ENERGY STAR requirements and earn a LEED credit. 

07  54  19
Polyvinyl Chloride Membrane Roofing (PVC)

PVC (Polyvinyl Chloride) has for a long time been the most common, and undoubtedly most hotly discussed thermoplastic membrane roofing material. For roof membranes, PVC requires plasticizers for flexibility. These plasticizers, however, migrate over time and cause brittleness - a major concern of membrane failure. PVC is also targeted, by some environmental groups for its chlorine content and dioxin production in the event of fire or improper incineration. 

On the positive side, many PVC membranes also have the well-known Energy Star label from the United States Environmental Protection Agency (US EPA) and the United States Department of Energy (US DOE). This label assures the building owner that their roof membrane meets the energy saving specification of the US EPA and US DOE. PVC roofing material also lends itself to recycling, particularly the excess material that occurs during the production process. These trimmings may be recycled back into the roof membrane itself or can be reprocessed into their own durable end-use products.

07  55  00
Protected Membrane Roofing Assemblies

Protected membrane roof (PMR) assemblies were introduced over 30 years ago in the cold climates of Alaska and Canada. Since then these roof systems have revolutionized roofing around the globe and are commonly referred to as insulated roof membrane assemblies (IRMA). For IRMA roofs, rigid insulation (usually extruded polystyrene, XPS) is installed on top of a roofing membrane, and is held in place with ballast consisting of aggregate or pavers. XPS is the insulation material of choice for protected membrane roofs, because of its very low moisture absorbency (the insulation in a protected membrane roof can remain wet for long periods of time) and high compressive strength. Unfortunately, in North America XPS is still produced using an HCFC blowing agent. The insulation protects the membrane from the life-shortening effects of temperature extremes, freeze-thaw cycling, UV degradation from direct sunlight exposure, roof traffic, hail, and stress concentrations over insulation joints. A light reflective surface provided by ballast may save energy, satisfy ENERGY STAR requirements, and earn a LEED credit. 

07  55  63
Vegetated Protected Membrane Roofing (“Green Roofs”)

Green roofs are a very special type of protected membrane roofing. A green roof system can be applied to any flat or gently sloping roof. There are two basic categories of green roof systems: extensive and intensive. 

Extensive roof systems: Contain low vegetative materials usually in the range of 2”-6” high. An extensive roof system is ideal for places that require little to no maintenance as well as roofs with little or no structural ability to handle the additional added load of soil. 

Intensive roof systems: Requires a soil layer 6” or greater in depth for plants that include sod grass, perennial and annual flowers, shrubs, and even small trees. An intensive system is ideal for roofs designated for educational or recreational uses on a campus.

There are many environmental and aesthetic benefits to using a green roof. A green roof is able to retain 50%-90% of a typical rain fall. This is a benefit to storm water management by allowing for the slower dispersion of run-off either to local sewers or cisterns as part of a rain harvesting design strategy. By shading the surface of the roof, the system can significantly decrease the amount of heat absorbed and given off by the roof, reducing the heat island problem as well as transmitted heat gain to the building below. Green roofs can help earn various LEED credits. 

07  57  00
Sprayed Polyurethane Foam (SPF) Roofing

The sprayed material is a combination of isocyanuate and polyol which are fed through a proportioner which heats and then pumps the two separate components to a spray gun where they are mixed and sprayed onto the substrate. Because the foam is sprayed onto the roof as a liquid, it forms a seamless continuous structure that is very stable. SPF requires a clean surface for proper application that must be dry, free of contaminants like oil, and properly fastened to the substrate. A protective elastomeric top coat which is typically sprayed on is required as well.

Foam roofing has many advantages over traditional roofing membranes. There are no seams or joints; the source of the majority of leaks in traditional roofs. And the foam can be sprayed onto virtually any surface which readily takes care of irregularly shaped roofs and protrusions. Sprayed polyurethane foam has an R-value of about 7.0 per inch of thickness - an excellent insulating value.
Foam roofing is lightweight and typically weighs around 50 lbs. per square, versus 800 lbs. per square for a built-up roof and 100 lbs. for ballasted single-ply roofs. SPF has the best insulating properties available for commercial construction today. Foamed roofs require a minimum of maintenance.

07  61  00
Sheet Metal Roofing

Metal roofing can be an attractive and highly durable alternative for various campus roofing applications. And although the mining and production of metals results in a very high embodied energy content, metals are readily recyclable and certain manufacturers are producing roofing products containing high levels of recycled content. Metal roofing generally provides a very attractive finished surface that will be visible from around the campus for many years.

07  92  00
Joint Sealants

Sealants are among the highest performance construction products around. Exterior sealants must protect the water-tightness of joints through weather and temperature conditions that vary greatly from year to year. Interior sealants (called caulks) must be selected with care as to their impact upon indoor air quality since they can be odorous, potentially irritating, and harmful to the well-being of installers and occupants. A credit is available under the LEED rating system for Low-Emitting Adhesive and Sealant Materials. 

Of direct importance locally, new sealant and construction adhesive regulations covering volatile organic compounds (VOC) took effect in eight Mid-Atlantic States in January 2005. Certain types of sealants and construction adhesives packaged in containers of 16 fluid ounces or less, containing VOCs greater than 4 percent by weight for sealants and 15 percent by weight for construction adhesives can no longer be sold in these states starting January 1, 2005. Delaware, Maine, Maryland, New Jersey, New York, Pennsylvania, Virginia and Washington D.C. have joined together in a coalition called the Ozone Transport Commission in adopting these VOC regulations. California has had similar regulations in effect since 1995. Non-compliant products can be sold indefinitely, if they were manufactured by December 31, 2004. 

PART 3 
EXECUTION

3.1
High-Performance Roof System Criteria

Clearly the most important function for a roof is to keep the rain out. However, the roof is also one of the most important elements in the energy performance of most buildings. In addition, roof selection can have an impact upon the receipt of LEED credits for not only energy performance but stormwater management and its impact upon urban heat island effect as well. The following are key factors to consider in roof selection: 

A. ENERGY STAR: To bear the ENERGY STAR label, low-slope roofing products must have an initial reflectivity greater than or equal to 0.65. After three years of exposure, the reflectivity must still be greater than or equal to 0.50. In 2006, ENERGY STAR also adopted an emissivity requirement of greater than or equal to 0.75. Benefits of ENERGY STAR roof products include: 

· Cost and energy savings: Reflective roofs can reduce roof surface temperature by up to 100 deg. F preventing the sun's heat from transferring into the building. 

· Downsized A/C equipment: A reflective roof can reduce peak cooling demand. 

· Extended roof life: Roofs undergo significant expansion and contraction as they heat and cool throughout the day. Heat absorbed by the roof can also accelerate degradation by ultraviolet rays and water. A reflective roof can reduce the amount of thermal shock that occurs on the roof surface and extends roof life.

· Decreased pollution: ENERGY STAR-labeled roof products decrease air temperature and cooling demands, which reduces the amount of smog in the air and benefits the entire community. 

· Reduced Heat Island Effect: Roofs made of non-reflective products cause the temperature of the air passing over them to rise, resulting in an increase in the overall temperature of the area, also known as a "heat island effect." The elevated temperature leads to increased building and vehicle air conditioning, increased levels of smog, and the associated increased incidence of heat- and smog-related health problems. Because ENERGY STAR-labeled roof products lower surrounding air temperature and decrease necessary cooling demands, they reduce the amount of smog in the air.

B. Cool Roofs: Are created through the use of highly reflective and emissive materials that stay 50 to 60 degrees Fahrenheit cooler in the summer sun, thereby saving cooling energy and contributing to the reduction of urban heat islands and associated smog. The term "heat island" refers to urban air and surface temperatures that are higher than nearby rural areas. Many U.S. cities and suburbs have air temperatures up to 10°F warmer than the surrounding natural land cover. The Cool Roof Rating Council rates roofing systems for solar reflectance and emittance.

C. Vegetated Roofs: Improves building energy efficiency (especially via mass effect) and helps with "urban heat island" problem. Vegetated or “green” roofs also provide stormwater management, process airborne toxins and create therapeutic environments. 

D. Roofing Over: Certain roofing systems can be installed over existing roofs which can save time, money and material and may be useful in minimizing the interruption to campus operations.

E. Recycling Programs: Some roofing manufacturers have now begun recycling programs to collect and reuse materials once their useful life has expired. Notably, in 2006, The EPDM Roofing Association (ERA) announced that a research project has been initiated into the possible recycling of EPDM single-ply roofing material.
END OF DIVISION
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DIVISION 08
Openings

PART 1
GENERAL

Openings is the title for Division 08 under Masterformat 2004 (previously entitled Doors and Windows). Though perhaps seeming a bit odd at first for seasoned specifiers, the new title is more fitting in this era of green buildings since the placement and size of windows and skylight openings, and the glazing materials used within those openings are crucial to energy efficiency, human comfort and productivity. Through thoughtful building design which includes the understanding of climatic and site conditions, “openings” can provide views, a sense of the outdoors, daylighting, natural ventilation, and solar heating. And by optimizing windows and glass types, in particular, there are also often sizeable cost savings due to downsizing heating and cooling equipment.

Openings are also the key to implementation of a daylighting design strategy. Studies show that natural daylighting can improve the general well-being of building occupants as well as provide such measurable benefits as enhanced student performance and increased workplace productivity. Improved penetration of daylight into buildings from vertical windows can be enhanced through the use of “light shelves” - reflective surface horizontal elements above the head height of people that bounce light off the ceiling and deeper into the space. The energy benefit from daylighting generally comes from both savings in electric lighting and cooling load avoidance. 

The framing material of openings is also of prime importance. Wood windows (preferably FSC-certified), vinyl or fiberglass may be most appropriate for some campus buildings. However, aluminum windows and curtain walls also continue to be used appropriately for many facilities. Aluminum is a material that is blessed with an exceptional strength-to-weight ratio. The processing of virgin aluminum is very energy intensive. Increasingly, however, recycled architectural aluminum products have been entering the market. And aluminum finishes are also available with differing environmental attributes. 
1.1
Key Environmental Issues

A. Evaluate the use of FSC-certified wood for wood doors and windows.

B. Investigate the incorporation of recycled aluminum and the environmental aspects of finishes.

C. Consider code requirements for the performance of windows and glazing to be minimums. Consult NFRC ratings for better performing products.

D. Incorporate design strategies that utilize daylighting with sun control. 

E. Study whether overhead daylighting would be appropriate and effective. If so, consider the use of various types of skylights, light tubes, roof monitors and translucent glazing. 

F. Understand the environmental implications of vinyl before selecting windows made of that material.

G. On larger projects evaluate alternative glazings and other options using hour-by-hour computer simulations. Take into account reductions in cooling and heating plant demand and capacity in economic evaluations.

1.2
LEED Applications

The following products and work of Division 08 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resources. EA refers to Energy & Atmosphere. EQ refers to Environmental Quality.

A. Wood Doors

· MR 7 Certified Wood 

B. Curtain Wall

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

· EA 2 Renewable Energy 

C. Translucent Wall and Roof Assemblies

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

D. Windows

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance 

· EQ 2 Increase Ventilation Effectiveness 

· EQ 6 Controllability of Systems 

· EQ 8 Daylight and Views 

E. Skylights

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance 

· EQ 8 Daylight and Views 

F. Glazing
· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

1.3
NFRC - Rated Energy Performance of Windows

The National Fenestration Rating Council (NFRC) is an independent, non-profit organization that has established an energy performance rating system for accurately comparing window and door products. Some factors considered in creating an individual window or door rating include: the U-factor (measuring heat loss), the solar heat gain coefficient, visible light transmission, and whole product performance (evaluating the frame, sash and glass in its entirety). NFRC’s rating procedure is designed to meet the requirements of the Energy Policy Act of 1992 and certain federal government program requirements (DOE, FTC).

1.4
Aluminum Recycling

Aluminum can be recycled repeatedly without losing any of its properties. In addition, aluminum is a stable product that has a high melting point - and in building fires, does not give off hazardous fumes. Recycled aluminum requires only five percent of the energy that is needed to extract aluminum from bauxite ore. Recycling is a relatively clean process that produces little pollution other than that associated with the energy used to melt and process the metal. Unofficial industry estimates indicate that the recycled aluminum content of architectural aluminum members is now typically about 25% although much higher percentages are being produced by some manufacturers. 

1.5
Aluminum Finishes

A. Powder coating: Is a dry finishing process using finely ground particles of pigment and resin that are electrostatically charged and sprayed onto electrically grounded parts. The charged powder particles adhere to the grounded parts and are held there until melted and fused into a smooth coating in a curing oven. Powder coating provides a high quality and durable finish capable of resisting scratches, corrosion, abrasion, chemicals and detergents. Because of the excellent durability of powder coating, it is used on light poles, guard rails, posts and fencing in many highway and building projects. In Europe, powder coating already dominates the architectural market. Now, powder coating is becoming more and more popular in the United States. The powder coating process contains no solvents and emits few if any volatile organic compounds (VOC). In addition, overspray of the dry powder can be easily captured to minimize waste.

B. Anodizing: A long-term favorite finish for the architectural aluminum industry, anodizing is an electrochemical process that forms a protective coating of aluminum oxide on the surface of aluminum. Aluminum oxide is a hard, durable, weather resistant substance that protects the base metal. The coating is integral to the metal, cannot peel or flake and may be colored by dyeing or exhibit bronze tones through 
diffraction phenomena produced by the coating. Anodizing emits no ozone producing solvents (VOCs), and there are no heavy metals involved in the process. The lifetime of an anodized finish is proportional to the thickness of the anodic coating applied.

C. Fluoropolymer coating systems: These finishes are widely used to finish exterior aluminum members in building construction. The coating is extremely durable and has the properties of extremely good chemical and ultraviolet resistance. Fluoropolymer coatings are available in a wide range of colors. Given the chemical nature of the coatings, there are several environmental issues to consider. Applicators should capture 100% of VOCs during the application process, and treat the emissions with an oxidizer or other air pollution control device. Also during application, wastewater discharges are subject to regulatory limits, for example, chromium has a limit of 0.5 ppm (parts per million). 

1.6
Vinyl (PVC)

Since health is an overriding issue - the use of vinyl, or PVC, is difficult and controversial. Worker health hazards resulting from prolonged, high exposure to vinyl chloride monomer (VCM) came under scrutiny by the occupational safety and health administration (OSHA) and the US EPA in the late 1970s. Through new manufacturing technology, the industry was able to address many of the problems and the US EPA has estimated that the industry's VCM emissions have been reduced by more than 99 percent since the 1970s. In its recent review of the toxicological data on vinyl chloride, the US EPA reduced its cancer unit risk estimate for vinyl chloride to 20 times lower than its previous estimate. 

PART 2
PRODUCTS

08  11  00
Metal Doors and Frames

Although close to 100% of structural steel is today recycled in the United States, only about 50% of the steel used in metal doors and frames is currently recycled. However, since there are no real technological barriers, the recycled percentage is likely to grow quickly as market demand calls for it. When used in exterior doors, steel conducts heat much more readily than wood. To meet codes and improve thermal energy performance, use exterior steel doors that include foam insulation.

08  14  00
Wood Doors

Wood door products are now available from numerous manufacturers in a wide variety of face species that use recycled content, rapidly renewable materials, and low-emitting adhesives. Doors are also available that use FSC (Forest Stewardship Council) certified woods which is helpful toward obtaining LEED credit MR 7. See Division 6 for more info on Certified Wood. 

08  40  00
Curtain Walls (Entrances and Storefronts)

A curtain wall system is a lightweight exterior cladding which is hung on the building structure, usually from floor to floor. It can provide a variety of exterior appearances but is characterized by closely spaced infill panels of glass and other materials. These systems provide a finished exterior appearance and most often a semi-finished interior look as well. They are also designed to accommodate structural deflections, control wind-driven rain and air leakage, minimize the effects of solar radiation and provide for maintenance-free long term performance. Most of today's metal curtain wall systems are constructed of lightweight aluminum - typically with about 50% recycled content. (Note: The recycled content offered by a particular manufacturer will often have most to do with the demand for same from their established customer base, and the size and capitalization of their operation).

Thermal breaks in the mullions ensure that their surface temperature will remain well above the dew point temperature of the air to minimize condensation and save energy. Curtain walls can also provide the base for innovative building integrated photovoltaic systems (BIPV) to convert light energy from the sun into electricity without using fossil fuels. Such walls meet AAMA requirements and can be incorporated into vertical and slope glazed applications.

08  51  00
Aluminum Windows

For most commercial window applications, aluminum remains the dominant choice. Aluminum’s strength allows for wider openings and larger glass areas. A variety of aluminum finishes are common (see 08  40  00). Aluminum is a good thermal conductor; therefore, thermal bridging has to be addressed when using aluminum windows in a cold climate (e.g., New Jersey). Many manufacturers offer “thermal-breaks” in their lines of aluminum windows in order to compensate for thermal bridging. Select aluminum and other windows based on NFRC certified ratings for their U-factor. Be sure to also review the air-tightness of window units. Like curtain walls, aluminum windows are typically made today with about 50% recycled content.

08  52  00
Wood Windows

Because of potential rot, wood is not the most durable window frame material. However, well-built and well-maintained wood windows can have a very long and serviceable life. The source of wood should be an important consideration in the specification of wood windows. Several manufacturers use FSC-certified wood as a standard frame material. Others make FSC-certified wood available by special order. Outstanding energy efficiency in wood windows is achieved by multiple glazing layers, low-emission coatings, low-conductivity gas fills, better seals on insulated glazing units and advanced weather-stripping. See Division 6 for info on FSC.

08  53  00
Vinyl Windows

Vinyl, also known as polyvinyl chloride (PVC), is a very versatile plastic with good insulating value. Vinyl is a fairly durable, low-maintenance, and inexpensive material. Vinyl window frames do not require painting and have good moisture resistance. Most vinyl windows are replacement windows, and applications for university buildings should be weighed carefully for their overall value and appearance. Regarding energy efficiency, some of the best performing windows available are vinyl replacement windows (see “Vinyl” in Part 1 of this Division).

08  54  00
Fiberglass Windows

Fiberglass windows offer durability, strength comparable to aluminum, and insulating properties similar to wood and vinyl. Fiberglass also has excellent chemical resistance for harsh coastal environments - perhaps of value for some New Jersey campuses. Fiberglass frames have a low embodied energy. They are formed by a pultrusion (as opposed to extrusion) process. They have a hollow profile that for cold climates is usually insulated with fiberglass or polyurethane foam to minimize heat conduction. Analogous to concrete and steel reinforcing bars - the coefficient of thermal expansion of fiberglass is low and very similar to that of glass. This results in limited differential expansion and less stress on seals. Most fiberglass windows have factory-applied, baked-on coatings and can be repainted. Fiberglass windows are likely to become more commonly used as high-quality wood resources become more scarce and expensive. 

08  62  00
Unit Skylights (Light Tubes)

Daylighting serves several green purposes. Studies show that natural daylighting can improve the general well-being of building occupants as well as provide such measurable benefits as increased workplace productivity and enhanced school performance. Very familiar are the simple round, square or pyramidal skylights poked into the roof at regular intervals in many types of low rise industrial buildings. Such skylights are one-dimensional in bringing in light with much less regard for solar heat gain or glare. In contrast, tubular skylights allow daylight to be transferred from the roof to occupied space below, even when there is a considerable distance involved (such as through a hung ceiling). The tubular skylight system includes an acrylic rooftop dome and a light reflecting tube which is typically several feet in diameter. Color can also be introduced into light tubes for great reflected effects.

08  63  00
Metal Framed Skylights

Metal framed skylights, if handled properly, can be a great way to bring natural light into interior spaces. They may be used for providing daylight to the top floor of multi-story buildings or to the core of single-story buildings. Compared to vertical windows, they offer the advantages of facing the brightest part of the overcast sky near the zenith and they are less likely to be obstructed by trees or surrounding buildings. Care must be exercised, however, to assure that skylights do not become environmental liabilities as well. Generally avoid skylights with horizontal or close to horizontal glazing. Horizontal glazing can pose difficulty in controlling the entry of direct solar heat gain (and associated glare), and can result in increased requirements for mechanical cooling (air conditioning). It is much better for glazing in skylights to be vertical and either face towards the north, or towards the south protected by an overhang. Such glazing arrangements are generally referred to as roof monitors.

For university buildings in this climate, metal framed skylights should have thermally insulated frames and glazing that provides control over heat gain/loss. When appropriate, consider the use of operable skylights in conjunction with atriums and natural ventilation. Metal-framed skylights sometimes incorporate reflectors and sun-tracking mechanisms to increase daylight entry. Such systems capture additional daylight during early-morning and late-afternoon hours when the sun is low and little direct sunlight typically enters a conventional skylight. 

08  80  00
Glazing

The primary ingredients in glass are silica, soda ash, limestone, and cullet. Cullet is post-industrial glass waste that is fed back into the float process - typically about 20% of the total new volume. Although the raw materials are plentiful, their mining has significant environmental impacts.

Glazing selection represents an extremely important design decision that will affect a wide range of vital issues including: the appearance of the building from the exterior; the environmental connection to the outdoors for the building occupants inside; thermal, visual and acoustic comfort; energy efficiency; types of HVAC systems employed; capacity of required HVAC equipment. In commercial buildings, which are generally dominated by cooling and lighting loads, glazing selection emphasizing solar control and daylighting is typically a higher priority than reducing heat loss.

A. Single-Glazed: Clear single-glazing allows the highest transfer of energy and is thus generally least energy efficient for almost all applications. Single-glazing, with a surface temperature only slightly warmer than the temperature outside, is also the most uncomfortable glass to be near during cold weather. In general the Energy Code disallows the use of new single-glazed windows. Existing single-glazed windows on campus should be prime targets for upgrade or replacement, often in conjunction with other related improvements to a building such as those affecting HVAC systems or equipment capacity. However, such an integrated and comprehensive upgrade can be achieved that it may be prudent to implement an interim measure by applying plastic films to improve heating and/or cooling performance. Whenever plastic films are applied, advise maintenance crews to clean films properly to avoid scratching. 

B. Double-Glazed: Double glazing, compared to single glazing, cuts heat loss approximately in half due to the insulating air space between the glass layers. These windows are widely referred to as “thermopane” double glazing - a significant but early first step along the road toward efficiency in glazing technology. The spacer separates the glass in multi-pane windows. Aluminum spacers have been standard in double-pane windows for years and dual seal units have been shown to be more durable. Window manufacturers are now offering "warm-edges" that reduce condensation around window edges and slightly improve thermal performance.

C. Low-E coatings: Coating a glass surface with a low-emittance material and facing that coating into the gap between the glass layers blocks a significant amount of radiant heat transfer, thus lowering the total heat flow through the window. Low-E coatings are transparent to visible light. Different types of Low-E coatings have been designed to allow for high solar gain, moderate solar gain, or low solar gain depending upon the application and climate. Low-E coatings are applied on one or both of the glass surfaces facing the “air space” in a double-glazed unit. The additional cost for most Low-E coatings is now typically quite low. As a result, many manufacturers now promote Low-E glazing as a standard or featured product.

D. Gas Fills: Gas fills that reduce the amount of heat transfer through the glazing are available in double glazed windows. The types of gas used in between panes of glazing are Argon and Krypton. Argon is a clear, inexpensive, nontoxic, non-reactive, and odorless gas. The optimal spacing for an argon-filled unit is the same as for air, about 1/2 inch. Krypton has better thermal performance, but is more expensive to produce. Krypton is particularly effective when the space between panes of glazing must be thinner -1/4 inch, for example. Glazing units should be filled within 2000 feet in elevation of the installation to ensure that the unit retains the inert gas without leakage.

Gas fills perform in conjunction with Low-E coatings, and suspended films (which divide the “air space” to dramatically lower U-factors). For example, one leading manufacturer offers suspended films and three gas-filled cavities between dual panes of glass to achieve center-of-glass R-values above R-10. Design opportunities arise from the use of high performance glazings. For example, it may be feasible to eliminate heaters from below windows, thus freeing up wall space. 

E. Spectrally Selective Glazing: Coated and tinted window products are available which control the amount of total solar energy transmitted and the amount of visible light transmitted. These glazings are ideally suited for commercial applications and are referred to as spectrally selective glazing, or cool glazing since they “let the light in without the heat.” For cool glazing, look for “Light-to-Solar Gain” ratios of about 2.0 or higher. The glass types that tend to be “coolest” and work well with daylighting strategies are typically light green or light blue in color. Gray and bronze tinted glasses are not cool glasses. While they do block out solar heat gain, they also block out proportionally similar amounts of daylight. And the gray and bronze tints darken and make dreary the appearance of a blue sky.

F. Ceramic frit enamel: Ceramic frit paint is comprised of very small glass particles, pigment and a medium in order to mix the glass and pigment together. Then, the enamel is fired to create a permanent coating. Ceramic frit can be applied to vision glass or spandrel glass or in combination for consistency. Silk screening ceramic frit onto glass in patterns and even colors lets a designer create a unique look for a building. Ceramic frit provides more than look, however. Ceramic frit can be a very effective feature to reduce entry of solar heat gain, allow for entry of diffuse daylight, and control of glare.

08  81  00
Electrochromic Glazing

With the activation of a circuit, electrochromic glazing can switch from a clear state to a darkened state in a few minutes time. When the glass coating darkens, the sun’s light and heat are absorbed and subsequently reradiated from the glass surface. Glazing of this type can be useful for special design circumstances such as the admission or blocking off of sun in an occasionally used space or building connector (bridge).  It also can be used for more architectural or theatrical applications.

The special coating on the glass needed to actuate this darkening (and lightening) process is made up of five layers in the product of the leading manufacturer. When voltage [less than 5V DC] is applied to these layers in their “clear” state, they darken as lithium ions and associated electrons transfer from the counter electrode to the electrochromic electrode layer. By reversing the voltage polarity the ions and associated electrons return to their original layer, the counter electrode, and the glass “untints.” This solid state electrochromic reaction is controlled through a low voltage DC power supply. 

Electrochromic technology holds much promise for creative applications. However, it is still a new technology product that carries with it a cost premium.

08  84  00
Translucent Panel Assemblies

Translucent panel assemblies (sandwiches) have the attributes of allowing diffused daylight to enter through a lightweight wall or roof assembly that also has a good insulating value to resist heat loss. Face sheets are typically a proprietary FRP (fiber reinforced plastic) with an insulating core of fiberglass. Caution is advised, however. Some products in the marketplace may have unproven long-term resistance to UV and be prone to yellow.

The unique nature of this type of panel allows one to accentuate either light transmission (up to about 65%), or U-factor (from 0.05 to about 0.58) - but not both simultaneously, although a balancing of the two properties is often most advantageous.

Panels weigh only about 3 pounds per square foot and are framed in lightweight aluminum framing (with a high degree of recycled content according to several manufacturers).

PART 3
EXECUTION

3.1
Maintenance Of Anodized Surfaces

Many years after being installed, anodized aluminum surfaces may accumulate stains that look similar to chalking paint. This "chalk" can be removed with a mild detergent combined with an abrasive cleaning technique. In addition to the chalk, a very small amount of the anodic coating is actually removed, leaving behind a renewed anodized finish which can typically last for another twenty years or more. This cleaning procedure is why many in the trade consider anodized finishes to be "renewable". In contrast, once an organic coating has failed, the only options are to re-coat the surface with another paint or replace the substrate.

END OF DIVISION
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DIVISION 09
Finishes

PART 1
GENERAL

This Division includes the full palette of materials used to form the finishes for ceilings, floors, and walls. One of the prime concerns for interior finishes is off-gassing of chemicals, such as formaldehyde, which can significantly impact indoor air quality and occupant health. Fortunately, many leading manufacturers have evaluated their products for chemical emissions and in many cases now have reformulated their product lines to be fairly inert. Through careful and informed selection of interior finishes, and the adhesives and sealants used in their installation, indoor air quality can be safeguarded. However, it is generally still advisable to flush out a building of airborne contaminants prior to occupancy - and the LEED Green Building Rating System provides a credit for such an action. 

Many environmentally-preferable finishes are now produced from rapidly renewable resources or recycled materials. For example: wood can be harvested from a sustainably managed forest instead of clear-cut from old growth; floor tiles can be reground from broken glass; and carpet can be made from recycled plastic bottles.

Products which are long-lasting vastly reduce resource consumption as well as reduce all of the other environmental impacts associated with construction and remodeling. Durable, long-lasting finish materials are particularly important for campus construction.

1.1
Key Environmental Issues

A. Select durable finishes.  This is extremely important for collegiate construction.

B. Pick products (including adhesives) with low or no VOC content.

C. Choose water-based finishes, whenever possible. 

D. Select products that can be recycled or reused. 

E. Use wood harvested from sustainably managed forests. 

F. Avoid using endangered materials, like tropical hardwood.

G. Select finishes which are easily cleanable with non-toxic cleaning products.

H. Consider the environmental image of building/campus - careful selection of finishes can provide opportunities to teach about sustainability.

1.2
LEED Applications

The following products and work of Division 09 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resource; EQ refers to Environmental Quality.

A. Gypsum Board

· MR 4 Recycled Content 

B. Tiling

· MR 4 Recycled Content 

C. Metal Ceilings

· MR 4 Recycled Content 

D. Acoustical Panel Ceilings

· MR 4 Recycled Content 

E. Floor Adhesives

· EQ 3 Construction IAQ Management Plan 

· EQ 4 Low-Emitting Materials 

F. Specialty Flooring

· MR 6 Rapidly Renewable Materials 

G. Wood Flooring

· MR 7 Certified Wood 

H. Cork Flooring

· MR 6 Rapidly Renewable Materials 

I. Linoleum

· MR 6 Rapidly Renewable Materials 

· EQ 3 Construction IAQ Management Plan 

J. Terrazzo Flooring

· MR 4 Recycled Content 

K. Carpeting

· EQ 4 Low-Emitting Materials 

L. Cork wall covering

· MR 6 Rapidly Renewable Materials 

M. Painting

· EQ 3 Construction IAQ Management Plan 

· EQ 4 Low-Emitting Materials 

N. Special Coatings

· EQ 3 Construction IAQ Management Plan 

· EQ 4 Low-Emitting Materials

PART 2
PRODUCTS

09  00  00
US EPA - Environmental Impact of Materials

The US Environmental Protection Agency requires the following minimum recycled content of materials in its US EPA Comprehensive Guideline - Section 01120, Environmental Impact of Materials.
MATERIAL
MIN RECYCLED/RECOVERED
Gypsum board
10% recycled or synthetic gypsum

Facing paper of Gypsum Board
100% recycled newsprint including 
post consumer waste2
Mineral Fiber Sound Attenuation Blankets
75% recovered material by weight 
(slag) 2
Steel studs, runners, and channels
60% recycled steel1
Acoustic Panel Ceilings
60% recycled material by weight

Ceiling Suspension Systems
60% recycled material1
Rubber floor tiles
90-100% recycled materials2
1. represents the average recycled content for the U. S. steel industry. Use of U. S. manufactured steel will meet this requirement. 

2. As per US EPA Comprehensive Guideline for Procurement of Products Containing Recovered Materials (60 FR 21370, effective May 1, 1996).

As well as the following definition of Low VOC Content Levels:
MATERIAL
MAX VOC CONTENT

Portland Cement Plaster
20 g/L VOC content
Gypsum Drywall Joint Compound
20 g/L VOC content
Terrazzo Sealer
250 g/L VOC content
Acoustic Panel Ceiling Finish
50 g/L VOC content
Resilient Tile Flooring Adhesive
100 g/L VOC content
Vinyl Flooring Adhesives
100 g/L VOC content
Carpet Adhesive
50 g/L VOC content
Carpet Seam Sealer
50 g/L VOC content
Water-based Paint & Polychromatic finish coatings
150 g/L VOC content
Solvent-based Paint
380 g/L VOC content
High Performance Water-based Acrylic coatings
250 g/L VOC content
Pigmented Acrylic Sealers
250 g/L VOC content
Catalyzed Epoxy coatings
250 g/L VOC content
09  20  00
Earth Plaster

Earth plasters use natural clays, recycled and reclaimed aggregates, and vibrant natural pigments. They are formulated from materials found in the United States and manufactured in the Southwest. Use of natural earth plaster contributes to the creation of a healthy and rich environment. Natural earth finishes do not provide a “home” for mold growth, nor do they emit potentially harmful gases from petroleum-based additives or formaldehydes.
09  29  00
Gypsum Board

Gypsum companies have been using recycled paper since 1950. Virgin gypsum is still widely mined resulting in dust, soil erosion, and destruction of habitat. Now, however, recycled and synthetic gypsum comprises an increasing portion of product manufacturing. Recycled gypsum board is derived from in-plant scrap and some clean construction waste. 

Synthetic, or flue-gas desulfurization gypsum (FGD), incorporates a waste product obtained from stack scrubbers that remove sulfur from coal-fired power plant emissions. To effectively reduce the problem of sulfur gases entering the atmosphere, the U.S. Congress implemented the Clean Air Act in 1990, thus putting stringent restrictions on sulfur oxide emissions. The power utilities, in order to comply with this law, now either use a high-cost, low-sulfur coal or scrub the flue gases. A few different scrubbing media are used, the most popular being lime or limestone. In this process, when the slurry is precipitated, it results in a byproduct known as Flue Gas Desulfurization (FGD) material, or synthetic gypsum. The second source of synthetic gypsum is acid neutralization. 

Although the use of synthetic gypsum board is growing, the diversion drywall from the waste stream is proving more challenging to the industry. Reclaimed gypsum board can be recycled into new gypsum panels that meet the same quality standards as natural and synthetic gypsum, but gypsum is an inexpensive material that can require significant labor to separate for recycling. Drywall face paper is commonly 100% recycled, from newsprint, cardboard, and other post-consumer waste streams, but most recycled gypsum in drywall products comes from drywall manufacture. Exceptional deconstruction operations have successfully reclaimed used drywall in good enough condition for economic reuse. 

Another issue for renovation projects is the concern that gypsum board’s paper facings may provide a medium for mold growth in conditions of high humidity and low air circulation. To counter this, some drywall is made with integral cellulose or fiberglass fibers instead of paper facing to eliminate mold risk.

09  30  13
Ceramic Tile

Recycled commercial-grade ceramic tile made from glass and other post-consumer and post-industrial wastes is available from several manufacturers. Some contain 50% or more post consumer glass, and come in a variety of earth-tone colors. Others use post-industrial waste products including fly ash and plastic fibers. Also available are environmentally friendly custom glazed ceramic tiles, offered in a wide variety of colors and in numerous sizes, shapes and trim pieces. Representative tiles are produced on either a terra cotta body or white clay body. 
Traditionally, ceramic products have been created using raw materials that require high firing temperatures and intensive processing steps. The manufacture of clay-based tiles, for example, requires firing temperatures of approximately 2200°F. A new technology has the potential to lower energy costs related to the manufacturing ceramic products by substituting raw materials with sintered (“a method for making objects from powder”) recycled glass. Research has demonstrated that products created using the new processing method are less sensitive to contaminants in the glass and can be made from either green or mixed-color waste glass, which are difficult to recycle. Firing temperatures for this new process can be reduced by as much as 37 percent (clay-based), resulting in significant reduction in energy costs, and a significant increase in recycling rate. 

09  30  13
Porcelain Tile

Porcelain is a ceramic material made by heating selected and refined materials often including clay in the form of kaolinite to high temperatures. Raw materials for porcelain, when mixed with water, form a plastic paste that can be worked to a required shape before firing in a kiln. Properties associated with porcelain include low permeability, high strength, hardness, glassiness, high durability, whiteness, translucence, resonance, brittleness, high resistance to the passage of electricity, high resistance to chemical attack, high resistance to thermal shock and high elasticity.

The processes used by many manufacturers now typically include many environmental aspects. Tiles are made of naturally occurring clays and minerals. Kilns are operated efficiently and there is a minimization of waste products during manufacturing. Water used during manufacturing is also often filtered and returned clean to its natural habitat. Finally shipping is in brown kraft paper cartons that are easily recyclable.

Porcelain tile is friendly to the indoor environment: it produces no fumes or gases, will not support mold, mildew or bacterial growth, and can be maintained without the use of harsh chemicals. It has a long durable life that results in few needed repairs or replacements.

09  50  00
Metal Ceilings

Metal ceiling panels are durable, flame-spread resistant and often contain a large percentage of recycled content (both post-consumer and pre-consumer). Panels may be painted or unpainted, and they may include a backing of fiberglass to improve acoustical performance. Metal ceilings are ideal for spaces that require assured indoor air quality and cleanability. Panels come in various styles in a wide range of sizes, colors, finishes, and patterns. In daylit spaces, the use of flexible and innovative metal ceilings, perhaps in conjunction with horizontal light shelves, may help to produce productive, healthy and easily maintainable environments.

09  51  13
Acoustical Panel Ceilings

Acoustical ceiling materials vary depending on the specific performance criteria desired (e.g., durability, light reflectance, sound absorption, washability, design flexibility, fire resistance). Specify high-recycled content materials, and obtain products from a manufacturer with an effective reclamation program for excess and used tiles. 

Mineral-fiber tiles are the most common type of suspended ceiling tiles. They are wet-pressed and made from a mixture of waste paper, mineral fiber (which may include slag, a waste product from steel-making), cornstarch, and various other mineral-based components. A number of these products have high recycled content; some, however, may contain low levels of formaldehyde. Mineral fiber panels may shred and may also support mold growth when damp. Fiberglass ceiling panels are also available with recycled content, though the percentage is typically lower than with mineral-fiber products. Most fiberglass ceiling panel products use a phenol-formaldehyde binder. 

The major manufacturers continue to improve the environmental quality of their acoustical panel products. Recently, one manufacturer announced the reformulation of more than 25 of its ceiling panel lines. Of these, eight product lines are now classified as formaldehyde-free and exceed standards set by the California Office of Environmental Health Hazard Assessment, which limits formaldehyde-free products to emissions of less than three parts per billion. Other product lines are classified as low-formaldehyde. 
Consider life cycle cost analysis, maintainability, recycled content, locally-manufactured products and light reflectivity in the selection of products. Also consider manufacturer-based recycling programs that currently exist. 

Ceilings in food service facilities or other areas with high sanitary standards typically have a PVC covering or scrubable paint finish. This may present an issue for a future deconstruction project since the incineration of PVC (polyvinyl chloride) may release furans and dioxins.

Several leading manufacturers now have a ceiling tile recycling program to reclaim used tiles. Material must be clean, dry, approved, and separated from other construction debris of any kind. Panels must not have come into contact with any hazardous material that requires special handling or disposal. Generally acceptable for recycling are ceiling panels produced by many manufacturers; primarily mineral fiber ceiling products. Not acceptable are: panels from an installation where hazardous materials have been used; foil-laminate panels; fabric- or vinyl-faced panels; or wet, moldy or weathered panels. 

09  60  00
Flooring Adhesives

Adhesives used for flooring materials must be carefully selected if indoor air quality problems are to be avoided. Many adhesives historically used contain high levels of VOCs (volatile organic compounds) and are a source of odor. Water-based adhesives have lower VOC emissions than solvent-based products. While some products are sold as multipurpose, others are specific to a particular application or product (linoleum, for example, requires special adhesives due to its linseed oil content). Many specific low- or zero-VOC, water-based adhesive products are now on the market. Some also provide antimicrobial protection to reduce the chances of mold and mildew growth. Review the available adhesive options with the flooring material manufacturer and make selections that will be justified from a long-term life-cycle perspective. 

Adhesives and sealants can be selected which have less than the current VOC content limits of South Coast Air Quality Management District (SCAQMD) Rule #1168. This will help to qualify for LEED-NC credit EQ 4.1.

09  62  19
High Pressure Laminated Flooring

A flooring alternative that offers outstanding durability (a fundamental green material attribute) and a wide range of design options is surfacing with high pressure laminate. Laminated plastic flooring is also easily installed over existing flooring and won't telegraph subfloor imperfections. The durability of the product makes it extremely wear resistant - even in high traffic areas. With regard to indoor air quality, laminated plastic flooring is a low-emitting product which will not harbor odors, mold, or mildew or other allergens.

09  62  23
Bamboo Flooring

Fast growing and long lived, timber bamboo grows to a height of forty feet with a diameter exceeding six inches and matures in five to six years. Bamboo is a “grass,” not a tree, and from an environmental standpoint, this distinction is important. Unlike traditional hardwoods, bamboo when harvested does not require replanting. Mature bamboo has an extensive root system that continues to send up new shoots for decades. Most bamboo is grown in managed forests in China. 
Despite the required transportation energy to bring bamboo here, the durability, hardness (claims to be “harder than oak”), and quick regeneration period of bamboo provide good environmental justification for using it for flooring. Bamboo flooring products are all very similar in fabrication and dimensions; they are glued together (often with urea-formaldehyde binders) in layers. Bamboo can be put to a variety of uses including: sports floors; paneling; use as veneers; furniture; countertops (including “end-grain”) and others.
Bamboo is naturally “blond” in color. However, is also available with a dark amber color which results from a heating process known as carbonization. The darkened hue of the bamboo will be permanent and cannot be sanded off.

09  62  29
Cork Flooring

Cork, a natural flooring material used for decades, is obtained sustainably from the outer bark of the cork oak without killing the tree. All production cork oak trees are grown in Mediterranean countries, primarily Portugal. The cork bark regenerates in about 10 years. 

Suberin, a mixture of fatty acids and heavy organic alcohols, is the basic substance of cork. Impermeable to gas or liquid, cork is also fire and insect resistant and unaffected by water. Beneficial qualities of cork include its warmth, durability and cushioning value. The insulating properties and acoustical properties of cork flooring help absorb sound and reduce noise. 

Cork is available in rolls, tiles, or planks. Rolls can be used as a sound control underlayment, tiles are the most common finished floor product, and planks are manufactured as a composite product. Thickness is established when the cork blocks are sliced, usually at 3/16” or 5/16”. Tiles typically come in two sizes: 12x12 inches or 24x24 inches. Planks are generally 36” long by 12” wide. More and more colors, patterns and textures of cork are available. Some cork tiles employ layers of vinyl or composite in their makeup whereas others are all natural.

Maintenance for light traffic cork areas is easy - just a vacuum and a mop. For areas needing a more durable finish consideration should be given to use of a “high wear” varnish.

09  64  00
Wood Flooring

Conventional forestry practices often damage natural habitats and leave them susceptible to disease. These issues can be addressed through the selection of FSC certified wood products. The availability of domestic hardwood from third-party FSC-certified forests makes flooring a great application. Various suppliers in the Northeast deal in FSC-certified flooring, wainscoting, and other finish pieces from over 15 species such as red oak, cherry, hard and soft maple, ash, and a variety of other hardwoods including those harvested in nearby Pennsylvania. 

Also consider the use of reclaimed wood flooring. It offers rich grain patterns, intriguing character marks, and deep colors. Reclaimed wood is stable - with most of it having been air dried for decades. Since most reclaimed wood is from old-growth trees, it tends to be clearer (i.e., fewer knots, pitch pockets, and other defects) than new lumber. Using reclaimed wood prevents the continued destruction of existing old-growth forests. This means it protects trees and forest plants, watersheds, and wildlife habitat.

Non-toxic, low VOC finishes should be utilized for all wood floor finish applications for improved indoor air quality.

09  64  10
Palmwood Flooring

Palmwood comes from plantation grown coconut palms, which are in abundance throughout much of the world. Palms produce nuts for up to 80 years, then non-producing palms are removed and replaced. Coconut palmwood can vary greatly in color and density. Palmwood flooring and palmwood plywood are made from multiple layers of palm, creating both stable and durable flooring and plywood products of great beauty.

09  64  20
Engineered Wood Flooring

Engineered hardwood flooring is a product made up of a core of hardwood, plywood or HDF and a top layer of hardwood veneer that is glued on the top surface of the core and is available in almost any hardwood species. The product thus has the natural characteristics of the selected wood species as opposed to a photographic layer. The “engineered” product has been designed to provide greater stability, particularly where moisture or heat pose problems for solid hardwood floors. Products are available with thick wear layers allowing many more sandings than the more typical 1/10-inch "veneer" layer. 
Engineered flooring can be nailed down like solid flooring, glued directly to concrete, or "floated" (gluing the planks to each other and not to the subfloor). Because they are prefinished, these products do not have to be sanded and finished on the jobsite, and are easy and inexpensive to install. 
09  65  00
Resilient Flooring, General

Resilient flooring generally includes flooring products that are available in sheet or tile form, are attached to a sub-floor with adhesives, and have some amount of “give” in their surfaces. “Resilient”, refers to the ability of these materials to deform and recover from compressive forces, such as footsteps, cart wheels or casters, or from furnishings. 

09  65  13
Rubber Tile & Sheet Flooring

Rubber tile and sheet flooring is slip resistant, durable, easy to keep clean, and has a long life-cycle. Depending upon product type and manufacturer, recycled content typically ranges from 0 to 40%. Rubber flooring is easy to maintain and does not need waxing. Attachment options include low- or no-VOC adhesives and tapes.

09  65  13
Recycled Rubber Flooring
Important advantages of rubber flooring include high recycled content, impact resistance, and local availability. Recycled rubber products are made from plentiful sources of 'used' rubber (i.e. automobile tires) with the energy required to process the used tires being lower than that used to produce other resilient flooring. 
Recycled rubber products are suitable for applications that require high levels of durability and abrasion resistance, as well as the natural cushioning qualities of rubber. Recycled rubber is an excellent material for weight training areas in gymnasiums and recreation centers. Keep in mind, however, that rubber flooring will off-gas and should be considered only where the rubber smell is not a problem and/or in well-ventilated areas. Low VOC or no VOC adhesives should be selected where available for these products. Rubber flooring should have a long useful life of 20 years or more.
09  65  16
Linoleum Flooring

Linoleum is a natural material that has readily renewable ingredients. The manufacturing process begins by mixing oxidized linseed oil with the other raw materials to form linoleum granules, which are pressed onto a jute backing, making linoleum sheets. These are then hung in drying rooms to allow them to cure and to acquire the required flexibility and resilience. Waste reduction of product is minimized since linoleum remnants are recycled back into the production process. 

Linoleum is biodegradable, formaldehyde-free, non-toxic and has inherently anti-microbial and anti-static properties. Linoleum gets tougher with time as the linseed oil cures making it extremely durable and resistant to indentation marks. Linoleum is a thermal and sound insulator, making a floor warm and comfortable under foot. Linoleum does not absorb dust and because of that the dry maintenance of a linoleum floor is easy. Linoleum does not create a risk to people who suffer from asthma or other respiratory diseases. And like cork, linoleum is a naturally fire retardant material, which does not off gas.

09  65  19
Vinyl Based Flooring

Products include vinyl sheet flooring, vinyl tile, and vinyl composition tile (VCT), which replaced vinyl-asbestos tile. Most of these products are made with polyvinyl chloride (PVC), which may result in adverse environmental impacts during manufacture or disposal. However, at least one commercial manufacturer is producing a chlorine-free, low-VOC, durable alternative to vinyl or VCT flooring. It is lightweight, durable and flexible yet free of plasticizers. The manufacturer meets ISO 14001 standards for environmental management. Material is available in a wide range of solid colors, patterns and a variety of simulation woods. 
Low maintenance can be a very important issue for floor selection in university buildings. Vinyl-based products are now available with a high performance wear layer and a urethane aluminum oxide topcoat cured by a UV process. The result - a true low maintenance floor, eliminating the need for polish over an extended period of time.

09  65  19
Non-Vinyl Based Floor Tiles

An attractive alternative to PVC-tile flooring has made strides into the marketplace over the last decade. The material, known as Eco-Polymeric non-PVC, offers the durability of vinyl without potential environmental effects. It consists of two layers of polymers and is completely chlorine-free. No additives such as plasticizers are necessary because the material is inherently flexible. A solvent-free adhesive is used in installation. 
The leading manufacturer says the flooring is scuff-resistant and that in abrasion tests, it performed 40 times better than marble, 30 times better than terrazzo, 10 times better than linoleum, and twice as well as quality vinyl tiles. It is also highly resistant to chemical staining making it a good choice for many university and institutional environments. The product comes in a wide variety of patterns that mimic natural flooring, including solids, marbles, granites, stones, terrazzos, and woods.

Another environmental advantage is that the product does not emit volatile organic compounds (VOCs). Furthermore, because the material’s top layer is made of the durable Surlyn, it does not require the use of products such as waxes or chemical-based cleaners, many of which emit VOCs at high rates themselves. The product does, however, cost more initially than some of the alternatives.

09  65  66
Athletic Flooring

Specialty athletic flooring systems are now being developed with “green” design attributes in mind. First and foremost, however, must be performance as a sports floor. For example, about 20 years ago, the international sports community formulated a set of standards called the “DIN Standards” to measure the resilience of a sports floor. Simply put - when a floor is tested and passes the DIN standard tests, it is “DIN Certified.” The “Ball Rebound” DIN requirement for a sports floor is 90 percent. The ball rebound compares the wood floor rebound to the ball rebound of a concrete floor from the same height. Sports floors are now being developed that not only pass the DIN test but also have a durable long-lasting wear layer made of recycled material, use low-VOC adhesives, and are easy to maintain. 

09  66  00
Recycled Glass Terrazzo

Terrazzo is a long lasting material that is ideal for use in many spaces in universities, colleges and other high-use buildings. It consists of marble, quartz, granite, glass or other suitable chips, poured with a binder that is cementitious, chemical (epoxy) or a combination of both. Terrazzo is cured, ground and polished to a smooth surface or otherwise finished to produce a uniformly textured surface. 

The “green” variety of terrazzo now available from several manufacturers uses about 75% post-consumer recycled glass rather than marble mined from the earth. Terrazzo made with recycled glass provides a durable, odorless, zero VOC-producing, naturally chemical and bacteria-resistant hard surface system that requires no harsh chemicals to maintain. Recycled glass terrazzo is also used for countertops, pre-cast panels and decorative surfaces.

Tiles made of “recycled” glass terrazzo tile are manufactured from natural-marble aggregates in a cement matrix. Standard products include tiles, treads and risers, cove and flat base, and wainscot panels. Recycled content for these tiles is commonly about 60%.

09  68  00
Nylon Carpet

Carpeting is an excellent material for many flooring applications due to its durability, ease of maintenance and good appearance. The vast majority of commercial and institution face fiber used today is nylon, with an ever-increasing amount of it Type 6 Nylon recycled. Nylon type 6 is both recycled and recyclable, although the fiber composition tends to have inferior appearance retention properties to that of type 6,6. 

Type 6,6 nylon has a fiber composition that resists soils while scattering light to reduce visibility of soil, enabling carpet to retain its appearance in superior resistance to liquid stains. The recycling of nylon type 6,6 fiber is under development). Traditionally, carpet with a higher face weight was thought to be better (and was more expensive). However, studies and long-term tests have shown that carpets with a reduction in face weight through shorter height fibers retain their appearance and resist crushing, thereby providing a longer lifespan.
The use of carpet tiles result in less overage (waste during installation) compared to roll goods. Most carpet tiles use a polyvinyl chloride (PVC) backing system. Consider the use of alternate backing systems or recycled PVC to reduce environmental impact. Biomimicry-based carpet tile patterns (where various colors are used and the overall pattern is random) have the advantage of less overage needed for installation and the ability to remove and replace a tile without the new tile standing out from the field when replaced. 

When selecting carpeting, consider life-cycle cost analysis, maintainability, recycled content, light reflectivity, and the ability to reuse or recycle the product in the future. Some manufacturers now offer carpet lease programs as well as reclamation programs for old carpets. 

09  68  50
Wool Carpet

Wool carpet is made of 100% natural material. No harmful chemicals are used at any stage of manufacturing that would affect indoor air quality through the off-gassing of volatile organic compounds (VOCs). Naturally pigmented wool fibers are used for coloration as opposed to the use of chemical dyes. The primary backing is generally made of a combination of hemp (used for its durability, strength, and mold and mildew resistance) and cotton. Wool yarns are locked into place with a natural adhesive that is completely biodegradable and non-toxic. 
Infestations by carpet beetles, moths and other insects have been known to very occasionally attack a natural wool carpet under the “right” - correction “wrong” -environmental conditions.

09  69  00
Access Flooring/Underfloor Air Distribution (UFAD)

Access flooring is simply a raised flooring system (usually 8” to 16” high) that is placed on top of the structural floor. The “plenum” space that is created provides a fully accessible area to house building services for power, communications and data. The use of access flooring can also greatly simplify the reconfiguration of office spaces (often over the weekend), dramatically reducing "churn" costs.
Raised access floors are now commonly also utilized as part of an underfloor air distribution (UFAD) systems. Since the 1950s, UFAD systems have achieved considerable acceptance in Europe, Africa and Japan. Now UFAD systems are catching on in the United States as well - and are featured in new federal GSA courthouses and office buildings. This technology uses the underfloor plenum to deliver conditioned air directly into the occupied zone of the building. Air can be delivered through a variety of supply outlets located either at floor level (most common), or as part of the furniture. UFAD systems have widely-espoused advantages over traditional overhead HVAC supply systems, including improved thermal comfort, improved indoor air quality, and reduced energy use. 

Access flooring materials with low VOCs and recycled content such as carpet tile are available. The use of access flooring is typically a key component of achieving LEED credit EQ 2, Increased Ventilation. Among those leading the research into underfloor air distribution systems has been the Center for the Built Environment (CBE) based at UC Berkeley. 

09  72  10
Wall Coverings
Vinyl which is the typical wallcovering material in commercial buildings has a long, useful life. Unfortunately (from the air quality point-of-view), vinyl also has a low permeability and is prone to trap moisture and potentially lead to mold and mildew growth - a serious problem, especially in more humid climates. On a more positive note, many leading vinyl wallcovering manufacturers are now actively recycling to minimize waste related to their products.

Various wallcovering alternatives to vinyl with other environmental advantages are also available. One attractive alternative is a woven polyester wallcovering where the polyester fibers are 100% recycled (about 60% pre-consumer of the total product weight), and includes non-toxic antimicrobial and stain-resistant additives. Wall coverings are also now made from recycled content or all natural materials. Natural grass cloths, cork, sustainable fabrics, bamboo tambours, and reclaimed wood panels add warmth, texture, and color while maintaining a healthy indoor air quality. 

09  72  20
Cork Wall Coverings

Cork wall covering is available in sheets (which can be attached to backer boards) or tiles of various thicknesses. The material is tackable, self-healing, durable, and naturally resistant to moisture, rot, mold, and fire. 

Cork fabric, (or “cork leather” as it is sometimes called), is a high quality fabric produced from thin cork shavings obtained directly from the bark of the cork oak tree. Cork fabric is: environmentally friendly; easily cleaned and long lasting; durable as leather yet versatile as fabric; and waterproof and stain resistant. Cork fabric is available in a unique assortment of natural textures, patterns, and designs and is produced with different backing materials dependent on final use. The material is usually supplied in long rolls. 

09  72  30
Bamboo Wall Coverings

Bamboo wall covering is available unfinished in both its natural cream color, and carbonized (amber). It is sold in sheets and has a Class “A” fire rating which makes it appropriate for commercial and institutional use. See 09 62 23 for other information on bamboo.

09  80  00
Cotton Acoustical Panels

Acoustical panels for wall or ceiling mounting are now made of recycled (fiberglass-free) cotton in various thicknesses, sizes and colors. Panels can be Class A material (per ASTM E-84) and are suited for various applications around the campus including auditoriums, classrooms, music rooms, computer rooms, and multi-purpose rooms. 

09  90  00
Painting

For a paint to be considered environmentally and occupant friendly, its solvent must contain a low amount of volatile organic compounds (VOCs). The solvent in a paint holds the pigment and resin in solution when the paint is applied. As the paint dries, the solvent slowly evaporates into the surrounding air. VOCs, such as benzene, formaldehyde and toluene, have historically been added to the solvents to help the paint dry and cure faster. When VOCs evaporate, they contribute to the formation of smog, are responsible for the easily recognizable “new paint smell,” and can be potentially harmful to individuals with certain allergies and other conditions. Some evidence also suggests that VOCs may be carcinogens. Selecting low-VOC paints can bring a major improvement of indoor air quality compared with higher-VOC level paints. A LEED credit can also be earned.

Because of the reduction of health-related risks and the unpleasant odor, low- or no-VOC paints can allow facilities to maintain normal activities during a painting project. This is especially important for university buildings where it would often be impractical for all occupants to vacate a major facility.

The amount of VOCs a low-VOC paint can contain is determined by the nature of the paint and its intended use. But because of the way some paints are labeled and marketed, establishing whether paint is truly low-VOC can sometimes be tricky. Many paints say that they contain a maximum 250 grams of VOC per liter of paint, and that could mean anything from 25 to 249.

Green Seal certifies interior flat paints that contain a maximum of 50 grams of VOCs per liter of paint and interior non-flat paints that contain a maximum of 150 grams of VOCs per liter of paint. In addition to the low-VOC requirements, paints must meet other performance-based criteria such as scrubability or abrasion resistance, hiding power and washability to be eligible for Green Seal certification.

It is also important to be aware that low-VOC paints can take longer to dry and cure. Because much of the VOC-containing drying and curing agents are removed, low-VOC paints are sometimes referred to as self-coalescing, meaning that they take longer to form a cohesive film. Low VOC paints shall be selected in accordance with NJDEP standards. Low VOC, or no VOC epoxy paint, is allowed on "high use" surfaces. Consideration should be given to paints with higher reflectivity in appropriate areas. 

09  91  00
Recycled Paint

The Paint Product Stewardship Initiative of the Product Stewardship Institute - a consortium of paint manufacturers and recyclers, governmental representatives, and other interested parties - partnered with the environmental certification standards organization Green Seal to develop a recycled-content latex paint standard addressing product quality, performance, volatile organic compound (VOC) content, and additive and recycled-content levels. Released in August 2006, the standard, which includes paints made with both pre- and post-consumer recycled content, should encourage demand for recycled-content paint products and reduce the annual disposal in the U.S. of as many as 130 million gallons of paint. 

Recycled-content latex paints awarded the Green Seal certification - which may be either consolidated (containing at least 95% post-consumer paint with no more than 5% secondary industrial or virgin materials) or reprocessed (containing at least 50% post-consumer paint, with no more than 50% secondary industrial or virgin materials) - will meet the same performance standards that the Master Painters Institute (MPI) requires of virgin paints. Certification will be awarded only if a number of measures are met, including specific collection and sorting requirements; documentation of MPI performance testing; not more than 250 g/l VOC and not more than 1.0% aromatic compounds; and zero tolerance of a dozen specified chemical compounds, including several ethanes and chlorinated materials, benzenes, phthalates, ketones, and heavy metals. Manufacturers must also agree to factory inspections and independent product testing. The new standard also establishes environmental guidelines for packaging.
09  96  46
Intumescent Coatings

Under the action of heat, intumescent fire retardant coatings expand to form a thick porous charred layer that insulates the substrate (usually steel) and protects it from fire for a rated period of time. There are two distinctly different types of intumescent coatings. The first one is the traditional chemical intumescent fire retardant coatings with chemical fire retardant mechanism - not a friendly environmental option either in manufacture or during a fire occurrence. The second one is a new type of physical intumescent coatings containing expandable graphite with a physical fire retardant mechanism. The development of these coatings is focused on improving the fire retardant efficacy and weather durability of the products, and reducing the emission of smoke and volatile organic compounds (VOC) as well as toxic gases to provide safe and environmental-friendly products for end-users. 

The chemistry of these coatings is complex - but the environmental implications of their production and possible activation during a fire deserve careful attention if intumescent coatings are to be used - especially on a public building such as a university project. 

09  97  00
Special Coatings

Paint is a generic term typically used to identify a wide range of surface coating products, including conventional solvent-borne formulations, varnishes, enamels, lacquers and water-based systems. Traditionally, major constituents of these paints are solvents. However, non-liquid paints such as powder coatings and high solids paints have also been developed. These newer materials have led to the use of the term coating instead of the term paint. 

In general, the function of all paints and coatings is to provide an aesthetically pleasing colored and/or glossy surface, as well as to help metal, concrete, masonry and other substrates withstand exposure to both their environment and everyday wear and tear. While it is true that paints for most typical architectural purposes are today low-VOC (see 09  90  00 above), a variety of special coatings are still sometimes needed including the application sealer to concrete and masonry to improve water resistance and repellency. Clear finish sealers are also available for such applications as brick walls, concrete foundations, stucco, stone, and most unglazed tiles. Many manufacturers now produce sealers that contain low to zero VOC and are odor free. However, other less environmentally-friendly choices for special coatings are still in the marketplace and should be selected only when necessary and applied with proper ventilation.

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 10
Specialties

PART 1
GENERAL

Division 10 includes a number of diverse products that do not fit or would get lost within other Divisions of these Guidelines. The reason why the 10  00  00 items are included herein is to spark curiosity for the ever emerging offerings of exciting environmentally-preferable products.

· Photoluminescent guidance strips

· Interior water features

· Visual display surfaces

· Operable partitions

· Toilet partitions

· Exterior sun control devices

· Photoluminescent Stair Nosings

1.1
Key Environmental Issues

A. Use of environmentally-preferable materials.

B. Control of solar heat gain and enhanced entry of daylight.

C. Flexible use of space.

1.2
LEED Applications

The following products and work of Division 10 are related to credits in the LEED Green Building Rating System (Version 2.2). EA refers to Energy & Atmosphere. MR refers to Materials & Resource. EQ refers to environmental quality.

A. Visual Display Surfaces

· MR 6 Rapidly Renewable Materials 

B. Operable Partitions

· MR 4 Recycled Content 

· MR 6 Rapidly Renewable Materials 

C. Toilet Partitions

· MR 4 Recycled Content

D. Exterior Sun Control Devices

· EA 1 Optimize Energy Performance 

· EQ 8 Daylight & Views

PART 2
PRODUCTS

10  00  00
Photoluminescent Guidance Strips

Non-electrical photoluminescent guidance strips are now available to facilitate emergency path finding within a building in the event of a total power loss. Strips are available for routing systems, stair treads, stair nosings and railings to provide a highly visible path for many hours after a loss of power. The relatively bright illumination is provided by having a photoluminescent material (e.g., strontium aluminate) absorb and store light in the period before a power loss. The photoluminescent material will charge with as little as 2 foot candles of light. Thirty minutes of light at about 10 foot candles will allow the strips to glow safely for 2 hours or more. See Exit Lights in Division 26 for more on photoluminescent devices. 

10  00  00
Interior Water Features

When an interior water feature is part of a design it is possible to specify component materials that provide outstanding environmental performance. Design options can include: the use of various levels of pre-consumer and post-consumer recycled glass; 100% recyclable stainless steel or copper; engineered stone that is a composite of recycled and low emissions materials; natural stone that is a non-emitting, non-toxic material; and low-emitting or non-toxic adhesives. Interior water features can also be specified with a water purification system to help clear the surrounding air of harmful pollutants. 

10  11  00
Visual Display Surfaces

Cork is the traditional, natural solution for vertical tackable surfaces, and it remains an excellent green option (also see 09  72  20). The substrate for some tackboards is made from recycled paper and paraffin.

Bulletin board material is also manufactured as a colored, 1/4"-thick, granulated linoleum-cork composite sheet product for use as tack panels, or as a decorative finish for furniture, doors, or other surfaces. The material is self-healing, durable, washable, low-glare, will not warp or crumble, and is available in a variety of solid colors.

10  20  00
Operable Partitions

Operable partitions allow spaces to be easily reconfigured using pre-built and pre-finished panels. Products are available which are manufactured for recyclability, use recycled content, certified wood, natural fabrics, and low- or no-VOC content. Partition frames are available in recycled-aluminum, powder-coat-finished frames that can stand alone or be attached to drop, flush, or concrete ceilings. Many panels have full wiring capabilities, and are Class A fire rated.

Institutions like universities may also consider investing in heavy duty operable partition tracks (even if not needed initially) so as to save time and minimize disruption in the future if partition systems need upgrading.

10  21  13
Toilet Partitions

Toilet partitions are available in three styles; floor-mounted, floor-to-ceiling, and ceiling-hung. Exercise caution in selecting the correct style for each on-campus location with particular attention given to the hardware. Many toilet partitions now offer environmentally-preferable content in doors, panels, and pilasters. 

For example, some available powder-coated metal toilet partitions and screens are manufactured from material containing approximately 50 percent recycled steel. Other stainless-steel toilet partitions typically contain approximately 75 percent recycled material. Some available solid plastic toilet partitions are made from marine-grade polypropylene, a material with post-industrial content. 

10  21  13
Corner Guards

Corner guards, particularly in heavily trafficked university buildings, increase the life of wall coverings and reduce repairs and cleaning. Most typically these corner guards have been made of PVC. Corner guards are now also available as a non-PVC product, which is made from 100% post-industrial recycled high-density polyethylene (HDPE). 

10  71  13
Exterior Sun Control Devices/Lightshelves 

The use of exterior sun control devices is an excellent way to prevent unwanted solar heat gain from entering conditioned spaces. Some shading devices can also function as reflectors, called light shelves, which bounce natural light for daylighting deep into building interiors and help reduce window glare.

The design of effective exterior sun control devices will depend on the solar orientation of a particular building facade. Fixed overhangs, for example, are very effective for the shading of south-facing windows in the summer when sun angles are high (about 73 degrees altitude in New Jersey area). However, the same horizontal device is ineffective at blocking low afternoon sun from entering west-facing windows during peak summer cooling periods. Of course operable, seasonally adjustable shading devices are available, but are more expensive.

Exterior shading devices and/or lightshelves are generally made of aluminum (with recycled content possible) with all the typical aluminum finishes for high reflectivity possible. Lightshelves have also been employed on a variety of projects that use translucent acrylic surfaces. 

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 11
Equipment

PART 1
GENERAL

Division 11 covers equipment used for industrial, commercial, and residential processes. It does not include equipment for heating, ventilation, and air conditioning, or lighting (see Divisions 23 and 26).

Perhaps the most significant construction aspect of Division 11 is in the area of laboratory fume hoods. Laboratory fume hoods can be very significant energy users in many university buildings. In fact, laboratory buildings can sometimes put such a drain on the need for campus services (particularly cooling energy) that plant expansions are entertained that could perhaps be avoided if greater attention were given to the source of the problem itself.

1.1
Key Environmental Issues

A. Select energy efficient models of equipment, such as computers, copiers, faxes, mailing machines, printers, scanners and water coolers. 

B. Choose energy efficient and environmentally-preferable laundry and food service equipment. 

C. Where applicable, control equipment such as vending machines so that energy is not wasted when they are not in active use. 

D. Design laboratory fume hoods to be energy efficient. 

1.2
LEED Applications

The following products and work of Division 11 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisite. MR refers to Materials & Resource. EA refers to Energy & Atmosphere. 

A. Collection and Disposal Equipment

· MR Pre-1 Storage & Collection of Recyclables 

B. Dock Bumpers

· MR 4 Recycled Content 

C. Laboratory Fume Hoods

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance

1.3
ENERGY STAR Program - Equipment
ENERGY STAR is a joint program of the U.S. Environmental Protection Agency and the U.S. Department of Energy helping to save money and protect the environment through the promotion of energy efficient products and practices. One of the important areas in which ENERGY STAR can assist a college or university is equipment.  This includes everything from food service, office equipment, and HVAC items, to campus traffic signals (see Part 2 below). Also see the section, Process & Strategies, for more information on other aspects of the ENERGY STAR program that can be very beneficial to a higher learning institution.
PART 2
PRODUCTS

11  13  13
Loading Dock Bumpers

Loading dock bumpers are made by various manufacturers from post-consumer recycled rubber material.

11  28  00
Office/Classroom Equipment

Equipment regularly used by administration, teachers and students such as computers, copiers, fax machines, and printers can have a significant impact on electricity demand, indoor air quality, and cooling loads. When buying new computer equipment, look for US EPA's ENERGY STAR logo. Office equipment that has earned the ENERGY STAR helps eliminate wasted energy through special power management features. For example, when equipment is not in use, it automatically enters a low-power "sleep" mode. An ENERGY STAR qualified computer in sleep mode consumes about 80% less electricity than it does in full-power mode. Overall, ENERGY STAR qualified office products use about half as much electricity as standard equipment. 
Copiers emit gases such as ethanol, methanol, and other VOCs; printers and copier supplies emit ammonia, benzene, carbon black, ozone, terpene, and many others; computers and VDT's emit cresol, ozone, phenol, toluene, and many others; and copy paper emits formaldehyde and other chemicals (VOCs). VOC emissions from the equipment itself diminishes over time, but emissions from supplies reach a level related to the use of the supplies. Ideally this equipment is kept in reproduction rooms with dedicated exhaust ventilation - a consideration for a LEED credit. Many major manufacturers now also offer reusable toner cartridges and refillable inkjet cartridges.

A. The following equipment types are available with ENERGY STAR designations and will likely appear in various spaces around the campus. See the ENERGY STAR website for detailed equipment information.

· Commercial Clothes Washers 
· Commercial Solid Door Refrigerators and Freezers 

· Commercial Fryers 

· Commercial Hot Food Holding Cabinets 

· Commercial Steam Cookers

· Vending Machines 

· Light Commercial Unitary Air Conditioners and Air-Source Heat Pumps 

· Geothermal heat pumps 
· Commercial & Industrial Transformers 
· Exit Signs 
· LED Traffic Signals 

· Computers & Monitors 

· Printers, Fax Machines & Mailing Machines 

· Scanners 

· Copiers 

· Water Coolers

B. ENERGY STAR in Higher Education: Colleges and universities may obtain significant reductions in energy bills by changing purchasing policies to specify ENERGY STAR qualified products. The table below presents a typical group of ENERGY STAR qualified products - monitors, mini-fridges, vending machines, and exit signs - typically found at Higher Education facilities. These products are estimated to save over $300,000 in electricity costs and prevent 3,766 tons of carbon dioxide emissions over their lifetime compared to conventional products. For detailed information go to the ENERGY STAR purchasing and procurement web site (www.energystar.gov/purchasing). Information on the web site helps to locate ENERGY STAR products by brand and model number, understand the differences between ENERGY STAR and non-ENERGY STAR products, and determine savings.

[image: image4.png]Simple Steps to Significant Savings at a Typical Higher Education Facility

Life-Cycle
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: Energy Savings | Reduction
Savings (Tons) rone)
Use ENERGY STAR power
management to enable low-power
sleep setting network wide on 2,000 $48,800 2 S176500 2108
monitors (17° CRT)
Use 300 ENERGY STAR qualified $1400 1 $10000 5
compact refrigerators in dormitories
Replace 50 conventional vending
machines with ENERGY STAR $8.800 89 $93,400 1247
versions
Replace 100 incandescent exit signs
with the ENERGY STAR type $4.800 % $40.100 8
Totals $63,700 654 $320,100 3766

(1) Figures obtained from calculators on the Purchasing & Procurement Web page; savings have been rounded to
the nearest hundred for simpicity. Calculators may be downloaded (right-clck) or used from the Web (ieft-click).





11  53  13
Laboratory Fume Hoods 

Laboratory buildings have very high energy intensities. The primary objective in the design of HVAC systems for laboratories is providing a safe environment for all personnel. Conditioning of the make-up air to be exhausted by fume hoods uses most of the energy beyond what is required for technical apparatus and lighting. Fume hoods have long been used to protect workers and student researchers from breathing in harmful gases and particles. Because they are often on 24 hours a day and pull air through the open window-like face (the sash) at around 100 fpm, fume hoods can be very energy-intensive devices. 

ASHRAE Standard 110-1995 is the most widely used test method for evaluating a hood's containment performance. It recommends three types of tests, but does not stipulate what is "safe." The three tests are: face velocity, flow visualization, and tracer gas testing. Face velocity measures the average velocity at which air is drawn through the face to the hood exhaust. Various regulating bodies do not agree on a specific number for face velocity, although most specify a minimum of between 80 and 100 fpm.

Conventional fume hoods rely on pulling air through the hood's open sash from the laboratory, around the student/researcher, and through the hood workspace. The generally accepted "face velocity" is about 100 fpm, depending on hazard level. Computer modeling shows that eddy currents and vortices form inside conventional hoods, reducing the hood's effectiveness. The most common energy-efficient modifications to traditional fume hoods are based on the use of outside (auxiliary) air or VAV control techniques. 

Advanced fume hoods offer many features to provide safe containment while reducing airflow, and/or to reduce the size and duration of time that sashes are open. Research, conducted at Lawrence Berkeley National Laboratory (LBNL), has led to an improved fume hood that provides better protection to the user at less than one-half the energy use. Installation of these hood will cut energy costs, improve user safety and allow building designers to "right-size" the facility's HVAC system, thus reducing initial capital cost.

PART 3
EXECUTION

3.1
Recycling Collection and Disposal

Designate an area for collection and storage that is appropriately sized and located conveniently (LEED-NC MR Pre-1). Identify local waste handlers and buyers for glass, plastic, office paper, newspaper, cardboard and organic wastes. Instruct occupants on building recycling procedures. Consider employing cardboard balers, aluminum can crushers, recycling chutes and other waste management technologies to further enhance the recycling program.

END OF DIVISION
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DIVISION 12
Furnishings

PART 1
GENERAL

Division 12 covers a variety of finished products that are typically placed, mounted or installed in a building shortly before occupancy. These products include window treatments, casework, countertops, mats and furniture. The primary issues involved with products of this Division are source materials, impact upon indoor air quality (IAQ) and manufacturing processes. 

Off-gassing of formaldehyde and other volatile chemicals has been an important issue when new furnishings are installed. Many manufacturers are now pre-testing their products to minimize the amount and duration of emissions which may ultimately impact indoor air quality in university buildings. LEED includes credit for alternative Construction IAQ Management Plans that assures clean air in a newly finished and furnished building prior to occupancy.

1.1
Key Environmental Issues

A. Use natural fabrics whenever possible. When synthetic fibers are used attempt to use recycled material.

B. Select furnishings in order to safeguard indoor air quality. 

C. Be sure that window treatments are “tuned” for the orientation.

D. Choose furniture that is durable enough to survive campus life yet has features that make it sustainable. 

E. Encourage bicycle use. 

1.2
LEED Applications

The following products and work of Division 12 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resource. EQ refers to Environmental Quality. 

A. Window Treatments

· MR 4 Recycled Content 

· MR 6 Local Materials 

· MR 7 Certified Wood 

B. Casework

· MR 6 Local Materials 

· MR 7 Certified Wood 

· EQ 4.1 Low-Emitting Adhesives & Sealants

· EQ 4.4 Low-Emitting Composites 

C. Countertops

· MR 4 Recycled Content 

· MR 6 Local Materials 

· MR 7 Certified Wood

D. Mats

· EQ 5 Pollutant Source Control

E. Educational Furniture

· MR 3 Resource Reuse 

· MR 4 Recycled Content 

· MR 6 Local Materials 

· MR 7 Certified Wood 

· EQ 3.2 Construction IAQ Management Plan

· EQ 4.1 Low-Emitting Adhesives & Sealants 

F. Bicycle Racks

· SS 4 Alternative Transportation 

· MR 4 Recycled Content

PART 2
PRODUCTS

12  05  13
Sustainable Fabrics

Fabrics with environmentally-preferable qualities suitable for upholstery, wallcovering, panels, drapery and cubicles may exhibit the following: 

A. High recycled content (often 100%).

B. Non-detrimental to indoor air quality.

C. Solution-dyed (throughout).

D. Leather alternative using no heavy metals and producing no off-gassing. 

E. Manufactured with reduced energy processes.

F. Fabrics produced from recycled yarns. 

G. Fabrics containing no harmful chemicals and designed to safely recycle into new fabric with no hazardous by-products. 

12  12  00
Window Shades

The first step in window (really glass) treatment should be the selection of the window itself. Glass selection should be made not only for thermal reasons (see Division 08), but also for glare control and to admit natural daylight. A window’s fenestration, including the possible incorporation of sun control devices or horizontal light shelves may also sometimes eliminate the need for additional window treatments.

Often, however, some degree of control of solar heat gain and glare control is warranted. One of the most flexible and effective approaches is to use fabrics that can be put in place either manually or via automatic controls. Most window shades are polyester or fiberglass yarns, in a wide variety of weaves, patterns, colors and densities designed to fit the daylight transmittance of the glazing and the glazing orientation. 
12  21  00
Window Blinds

Venetian blinds (which can be thought of as being a lot of very little horizontal light shelves) are also used for sun control. Consideration can then also be given to the use of blinds with a mirrored or reflective surface to bounce daylight deeper into a building.

12  30  00
Casework

The diverse activities on a campus will require various types of casework. Metal casework is typically required in wet locations and scientific areas and products with recycled content are available from some manufacturers. To be considered green, wood casework needs to be manufactured from FSC-certified or salvaged wood, or demonstrate other green attributes (i.e., formaldehyde-free particleboard or MDF). Such use of formaldehyde-free material is particularly well advised for all locations where there is concern about indoor air quality. Various “green” options now exist for formaldehyde-free substrates which range in durability, cost and their ability to hold hardware. Choose the substrate carefully based upon use and budget accordingly.

12  36  00
Countertops

A variety of environmentally-preferable countertops are now being produced. The following product types may be suitable for many on-campus applications.

A. Wood: A number of butcher block products include countertops from FSC-certified domestic and exotic hardwoods. Species offered include bamboo, hard rock maple, Oregon white oak, Pacific madrone, cherry, myrtlewood, and machiche.

B. Cement-based: A cement-based, precast lightweight composite containing fly ash and post-industrial recycled polypropylene fiber waste from carpet manufacturing. Available in a wide variety of colors and mix designs, the product is more resistant to chipping and cracking than conventional concrete, tile, or stone and has a workability more akin to wood than cement-based materials. Applications of this high-end product include countertops, table tops, tiles, fireplace surrounds and landscape elements.

C. Recycled Glass Terrazzo: Made with a high percentage (typically about 75%) of recycled glass and white Portland cement or epoxy. The product, which is available from several manufacturers, is available in many standard colors, based largely on the color of the recycled glass used in the product. The cement matrix can also be pigmented.

D. Cement: Reinforced with cellulose fibers, and available in a range of solid colors. The product also has applications as flooring and furniture.

E. Acrylic polymer: More than 30 years ago a leading chemical company introduced a now popular solid surface material that is an advanced blend of natural materials and pure acrylic polymer (a petrochemical that is energy-intensive to produce). Over the years this product has proven its durability and long-term performance. The product is non-porous and does not support the growth of mold, mildew or bacteria. At room temperature, the product is non-toxic, with virtually no "off-gassing" of volatile organic compounds (falling well below standards set by the U.S. Environmental Protection Agency).

F. Bamboo: Solid bamboo sheets are harder than maple, making them a durable alternative for many applications, from countertops to bookcases. Sheets are constructed using crossband laminates to keep them flat and true. The bamboo countertop surface can be easily maintained by sealing it with a natural finishing product like mineral oil.
G. Recycled polymer sheets: This product results from the transformation of 100 percent post-consumer HDPE (High density polyethylene) into elegantly designed engineered panels.
H. Natural Quartz: An extremely durable countertop material that serves as an alternative to marble.

I. Aluminum scrap: Made from recycled industrial aluminum scrap molded into a polyester resin to form solid surfacing. This product has a modern and unusual look with strength and durability.
J. Stainless steel (100% recyclable): Steel is North America's Number 1 Recycled Material
12  48  00
Floor Mats

The most common materials used for floor mats are petrochemical based. Therefore, they carry with them issues of fire resistance and indoor air quality. Mats are also available that are made from durable natural fibers available in a variety of natural dyes, styles and weaves. Common natural fibers for matting include sisal (often used in wall coverings), jute (used to make rope and burlap bags), and coir (from coconut husks). Natural-fiber mats generally do not have backings nor chemical treatments. Although durable, these mats may shed broken fibers, requiring periodic sweeping or vacuuming of the surrounding floor area.

Entry mats are also integrated with recessed metal grates at vestibules and lobbies to reduce tracking of dirt through buildings. This is part of a consideration for a LEED credit.

12  56  00
Educational Furniture

All aspects of furniture from fabrics, foam cushions, stains, adhesives, finish coating materials, substrates, support members, and even packaging, should be reviewed for their environmental qualities. Review campus purchasing policies to reduce quantity of packing material whenever possible. A wide choice of furniture is now available with one or more of the following sustainable attributes:

A. Committed to closed-loop manufacturing. For example, recycled aluminum materials and nylon parts that are 100% recyclable, woods from sustainable forests, and their stains that are becoming 100% water-based. 
B. Made by manufacturing processes that closely monitor potentially hazardous off-gassing for elimination. 

C. Most waste generated in manufacturing processes are being recycled such as foam into carpet padding, sawdust into fire logs and wood off-cuts into energy generation.
D. Committed to sustainability on many levels including a new LEED Silver certified wood manufacturing facility.

E. Use of environmentally friendly materials - sustainable and recycled, including dye-free textiles, hemp fiber, recycled tires, wheatboard and recycled glass. High recycled composition and rapidly renewable materials.
F. Frames are made from quality sustainably grown hardwoods from well managed American forests which are FSC certified (Forest Stewardship Council).

G. Natural hemp or jute covering for our steel base springs and tight back springs, then a sturdy layer of 100% natural latex foam rubber, several layers of pure organic cotton and wool batting for cushioning.

H. All furniture meets their own recycle content requirements, such as 30 to 100% recycled MDF content and some fabrics from 100% recycled soda bottles.
I. Non-toxic natural based glues and safe low VOC wood finishes. Upholstered without glue so they can be steam-cleaned and/or reupholstered in the field.
J. Post-consumer materials used in internal parts. 
K. Cushioning is made from 100% natural latex foam rubber.

L. All the components of their products and workstations meet California and Washington indoor air standards, which are higher than the US EPA's standards. 

M. Furniture buy-back, trade-in and leasing programs available.

N. Use innovative packaging.
O. Durability - it’s not really sustainable if it doesn’t last

PART 3
EXECUTION

3.1
Locating Bicycle Racks

One of the LEED-NC credits is to provide secure bicycle storage with convenient changing/shower facilities. A wide range of commercial bicycle racks are available including those made of recycled plastic, recycled metal, or plastic lumber. Guidelines for locating bicycle racks on campus include:

A. Visibility: Cyclists should be able to easily spot racks when they turn off from the street. Highly visible rack locations discourage theft and vandalism. 

B. Access: Provide bike paths on campus to connect up to off-campus roads. Racks should be convenient to building entrances, but away from normal pedestrian and auto traffic. Avoid locations that require bicycles to travel over stairs. 

C. Lighting: Rack and pathway areas should be well lit for theft protection, personal security and accident prevention. Racks should allow for the locking of bikes.

D. Weather Protection: Protect bike racks from the weather. Employ canopies, covered walkways, and roof extensions whenever possible.

END OF DIVISION
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DIVISION 13
Special Construction

PART 1
GENERAL

As it pertains to “green” buildings, earlier MasterFormat versions of Division 13 contained information on construction/installation methods for equipment using renewable energy sources for heating, lighting, and powering buildings. Under MasterFormat 2004, these topics have been dispersed into other Divisions (i.e., Active Solar Heating - Division 23; Daylighting and Photovoltaics - Division 26). 

The use of renewable energy helps to conserve natural resources, increases the nation's energy security, and helps to meet federal goals for cleaner energy production. With the uncertain future cost for oil, renewable energy has the ability to provide greater price stability. Implementing photovoltaic or wind generated energy production can greatly benefit colleges and universities by providing more power for peak-use periods. Since electricity charges for large structures are based on peak energy demand, reducing this component of energy use can yield significant long-term energy and dollar savings. 

New Jersey's 1999 electric restructuring legislation provides for investments in energy efficiency and renewable energy through a "Societal Benefits Charge" (SBC) collected from all customers of electric public utilities. In March 2001, the New Jersey Board of Public Utilities (BPU) approved funding for renewable-energy programs, including a customer-sited renewables rebate program for homes, businesses, institutions and non-profit facilities. Eligible technologies include fuel cells, photovoltaic (PV) systems, small wind-energy systems and/or sustainable biomass-energy technologies. See State and Federal Programs for details.
1.1
Key Environmental Issues

A. Consider the use of renewable energy forms such as windpower.

1.2
LEED Applications

The following products and work of Division 13 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisite. EA refers to Energy and Atmosphere; EQ refers to Environmental Quality,

A. Wind Energy

· EA 2.1-3 Renewable Energy
· EA 6 Green Power

PART 2
PRODUCTS

13  50  00
Wind Energy

Some of the earliest renewable energy systems used worldwide have been wind energy systems.

Wind turbines convert the kinetic energy in wind into mechanical power that runs a generator to produce clean electricity. Their blades are aerodynamically designed to capture the maximum energy from the wind. The wind turns the blades, which spin a shaft connected to a generator that makes electricity. There are numerous environmental advantages to using wind generated energy. Wind energy is a clean, free and a renewable resource that poses no threat to the environment. 

The Wind Technology Center at the National Renewable Energy Laboratory (NREL) is a valuable source for further information regarding wind energy. (www.nrel.gov/wind/)The wind energy potential for a particular site is expressed in classes from 7 to 1. Areas designated class 4 or greater are suitable for advanced wind turbine technology under development today. Class 3 areas may be suitable for future generation technology. Class 2 areas are marginal; and class 1 areas are unsuitable for effective wind energy development. Most of New Jersey is classified as having Class 3 or Class 2 wind energy potential. Coastal New Jersey offers the best potential for wind turbines in the State.

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 14
Conveying Equipment

PART 1
GENERAL

In busy university buildings, elevators can account for about 5% of a building's electric energy use. Until recently, low-rise elevators of up to five or six stories were almost always hydraulic. Today, however, an ever-increasing segment of the elevator industry is embracing the machine-room-less (MRL) technology by using gearless, permanent-magnet motors and variable-speed, variable-frequency drives. These relatively small energy-efficient motors are directly installed in the elevator hoist way eliminating the need for an overhead penthouse to house the motor (in the case of traction elevators), or a ground-floor machine room (in the case of hydraulic elevators). Electrical service requirements are reduced greatly, and the system yields a smooth and very quiet ride. Energy savings of 50% or more are to be expected by employing an MRL elevator.

The MRL design has been utilized in Europe and Asia for about twenty years with over 100,000 installations now in place. Product acceptance was initially slow in the U.S. market because of its initial cost, limited applications, inability to meet U.S. code requirements and the limited number of manufacturers from which to choose. In the past few years, however, the acceptance and economic competitiveness of the MRL concept has grown with more manufacturers having joined the market. In addition, local code officials have become more receptive to the technology; including those in New Jersey. 

1.1
Key Environmental Issues

A. Evaluate the possible use of machine-room-less elevators. The gearless motors with variable-frequency drives are two to three times more efficient than hydraulics, and 30 to 50% more efficient than standard geared elevators.

B. Elimination of potential hydraulic fluid leaks into the ground is another big benefit. 

C. Hydraulic elevators also require heaters to maintain the fluid at a constant temperature around the clock, even during periods when the elevator is rarely if ever used.

D. In the case of overhead traction elevators, the roof penetration for the penthouse machine room is a notoriously difficult detail to insulate and air-seal effectively. Avoidance of the machine room can, therefore, reduce heating energy use. 

1.2
LEED Applications

The following products and work of Division 14 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisite. EA refers to Energy & Atmosphere.

A. High Efficiency Elevators

· EA Pre-2 Minimum Energy Performance

· EA 1 Optimize Energy Performance

1.3
Code Issues

Several years ago the MRL elevator technology was not as readily accepted in this country as it was in Europe and the Far East. Now, however, most jurisdictions have approved the use of MRL elevators - including the State of New Jersey. For elevator safety regulations, see Standard A17.1 from the American Society of Mechanical Engineers (ASME).

PART 2
PRODUCTS

14  20  00
Machine Room-Less (MRL) Elevators

Various companies are producing elevators with high-efficiency machines located within the hoist way. This equipment is aimed at the low-rise end of the market with goals of saving energy and space. Such elevators are limited in rise to a maximum of 6 to 10 floors. These elevators travel a maximum speed of about 150 feet per minute - comparable to a fast hydraulic elevator, and slow compared to a traction elevator. But in low-rise buildings (such as many university buildings), acceleration and deceleration are more important than maximum travel speed. The capacity of this equipment is about 2,500 lbs. for a center-opening door configuration - not a large elevator for many on-campus applications. However, more robust systems are in development. For example, one of the leading manufacturers has introduced a new technology platform that eliminates the need for counterweights in elevators. Elevators using this technology can have cabins as much as one-third larger than traditional elevators designed for the same hoistway space. As a result, 6- or even 8-passenger elevators can be installed where previously only a 4-passenger unit would have been possible. In addition to increasing an elevator’s capacity, the new technology increases cab spaciousness, passenger comfort and improves access for wheelchairs.
Other innovations include the use of a steel honeycomb construction for the walls of the elevator cab and the use of fiber ropes that weigh one-tenth as much as the steel cables they replace. The Kevlar fiber are more flexible than steel, allowing some designs to use a small-diameter rope-sheave, which allows the entire motor and drive mechanism to fit in the hoist way under the elevator without need for an overhead structure. All loads that carry the elevator are on the hoist way floor. 

The MRL elevator eliminates the cost and environmental concerns associated with a buried hydraulic cylinder filled with hydraulic oil. Over the years hydraulic elevators have come under greater scrutiny relative to environmental concerns due to the buried hydraulic cylinder. Because the MRL elevator is a traction elevator with all its components above ground, this is not a concern for this equipment.

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 22
Plumbing
PART 1
GENERAL

Many university buildings use large amounts of water for kitchens, laundries, bathrooms and showers. As a result, architects and facilities managers are receptive to solutions that can reduce water use in these areas and others. 

Major reductions in building water use began to take effect after the enactment of the Environmental Policy Act of 1992 - which, for example, required that all new toilets manufactured for U.S. installation flush no more than 1.6 gallons. For several years after passage of the Act, only a few models’ performance were considered satisfactory by many designers and facility managers. As a result, there has been a perceived reluctance by campus managers to utilize even more water conserving fixtures and products.

But toilet technology has moved forward, and manufacturers have refined their products to use less water or employ “dual-flush” toilet technologies (which have actually been available in Australia for over twenty years). Non-flushing toilet technologies such as composting toilets are also available for use when appropriate. 
See Division 32 - Exterior Improvements for water-related information on irrigation and innovative wastewater technologies.

1.1
Key Environmental Issues

A. Manage water use for showers including energy used to heat water.

B. Ensure that water use for hand washing is not excessive.

C. Decrease water used in toilets to remove liquid waste.

D. Reduce strain on the capacity of municipal sewage systems.

E. Limit wasteful commercial kitchen and laundry appliances

1.2
LEED Applications

The following products and work of Division 22 are related to credits in the LEED Green Building Rating System (Version 2.2). WE refers to Water Efficiency.

A. Water Use Reduction

· WE 3.1 20% Reduction

· WE 3.2 30% Reduction
1.3
US EPA Program - WaterSense

WaterSense is a voluntary public-private partnership program sponsored by the U.S. Environmental Protection Agency. Its mission is to protect the future of our nation's water supply by promoting and enhancing the market for water-efficient products and services. Saving water is easy - many products are already available for use, and it does not require changing the way most of us live or do business. By choosing products labeled through the WaterSense program, universities will be saving water for future generations. See the State and Federal Programs Section for more information.
PART 2
PRODUCTS

22  00  00
Recycled Content

Materials in Division 22 are not considered in the calculation of LEED Recycled Content in credits 4.1 and 4.2 of LEED-NC 2.2.
22  40  10
Showerheads

University buildings with gymnasiums, exercise rooms and other showering facilities (including those to encourage bicycle use under LEED) can use a lot of water - and energy to make hot water. Typical showerheads use 2.5 gallons of water per minute (gpm). Over the years, many attempts to introduce “low-flow” showerheads into the marketplace (including those that simply block part of the openings with disks) have met with resistance. Now there are some new approaches: 

Water Motion: New showerhead technology that controls water shape, velocity and thermal dynamics claims to create a warmer, more luxurious spray that blankets the body and gives the feeling of a high-flow shower with less water. Larger water droplets offer a more massaging and consistent shower experience. There are no moving parts. This system delivers 1.6 gallons of water per minute that actually feels like 2.5 gallons per minute resulting in a 36% decrease in water usage compared to a conventional flow system. It is also less noisy than a conventional shower.

Venturi Effect: Showerheads are available that have a small hole on the side of the throat that generates a vacuum, pulling air into the showerhead. This aerates the water, boosting the pressure. This venturi-induction technology increases the shower intensity 2.5-fold. Various models are available which can deliver 1.5 gallons per minute (gpm) at 60 pounds per square inch (psi) of water pressure.
22  40  20
Faucets

Various innovative technologies are now available including:
Hydropower Generator: Sensor-activated faucets use a tiny hydropower generator to keep the capacitors that power its sensor and solenoid valve charged with a battery offering back-up recharging after periods of non-use. It does not require hardwiring to the building's electrical system. The faucet uses 0.5 gallons per minute during a maximum cycle of 10 seconds which is well below the federal standard. With an average use cycle of approximately five seconds, this faucet consumes 0.04 gallons of water per use, 83% less than the LEED baseline (or 67% less if used for the maximum 10 seconds).

Photovoltaic Powered: This approach employs photovoltaic (PV) cells permanently embedded in the top of the spray head of lavatory systems to power the solenoid valve and adaptive infrared sensors for water activation. The PV panels are protected for vandal resistance. No electrical connection is needed. A minimum of 37 footcandles of natural or artificial light is required for an average 50 cycles per hour. A power-saving mode will allow the unit to work for up to five days by functioning only when lights are turned on. This system is most appropriate for well-lit applications.
22  40  30
Urinals

Waterless urinals are beginning to be installed into an increasing number of construction projects. Waterless urinals greatly contribute to a building’s water reduction while requiring minor maintenance (including cleaning the urinal enclosure occasionally since water no longer flows over it). In all of these urinals, a lighter-than-urine fluid provides the "trap" that keeps odors out of the restroom.
Advances are also being made in conventional urinals. Now available are urinals with a proximity flush system that detects the presence of an object without physical contact and can work off of a low voltage power supply. Water consumption is a low 0.5 gallons per flush.

22  40  40
Toilets

Toilets can be considered to be water conserving if they offer at least 20% water savings, compared with the federal standard of 1.6 gallons per flush (gpf). They also must perform their waste removal function satisfactorily. The generally accepted Maximum Performance (MaP) standard for the performance of toilets requires a minimum rating of 65 grams of test media removal per liter of flush volume. Notable product approaches include:

A. Flush Valves: Handle is pushed down for solid wastes or pulled up for liquid wastes and paper. In the low-flush mode, the flushometer reduces water use by 30% - reducing a standard 1.6-gallon flush to about 1.1 gallons. Of great importance, this valve can be retrofit onto not only new flushometer valves but most older, industry-standard models as well. When installed on a 3.5-gpf toilet, for example, the low-flush option will save more than 1 gallon per flush.

B. Pressure-Assist: Pressure assisted flushing mechanisms are essentially a tank within a tank. The inner tank is pressurized with a layer of compressed air at the top of the tank. This system provides the pressure needed to evacuate waste while conserving water. This system uses 1.1 gallons per flush (gpf). 
C. Dual-Flush: Several manufacturers produce toilet products that respond to the need for flexible flushing options for different types of human waste - and resultant use of water. These toilets have separate buttons or mechanisms to respond to either a #1 o #2 flushing need and then provide either 0.8-1.0 gpm or a full 1.6 gpm, depending on the flush. 

PART 3
EXECUTION

Not Used

END OF DIVISION
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DIVISION 23
HVAC
Heating, Ventilation,
and Air Conditioning
PART 1
GENERAL

Our society cannot significantly reduce our dependence on fossil fuels without optimizing HVAC, hot water, process utilities, controls and energy management systems in buildings. The first step in HVAC system design is to reduce heating and cooling loads and to determine to what extent a new building can run on sunlight or meet occupant needs in a passive manner. Having minimized the need for mechanical systems, life cycle economic analysis can help decide the appropriate systems for a building. Fuel type is critical, as is the selection of high efficiency heating or cooling equipment of the right size. Certain types of campus facilities, such as laboratory buildings with substantial ventilation requirements, deserve special attention in design. Opportunities for heat recovery and distributed generation should also not be overlooked. 

1.1
Key Environmental Issues

A. HVAC mechanical work shall be in accordance with the Design Standards referenced in 1.3 below. These Standards, however, should be considered minimums for energy performance. The very essence of the high performance design process is to exceed minimums when appropriate including the use of additional thermal insulation. Evaluate the use of ENERGY STAR rated HVAC equipment.

B. Coordinate with the project architect to minimize use of glass in exterior walls without compromising spatial quality or daylight contribution.

C. Evaluate an efficient combination of day lighting and controlled artificial light. Use of automatic dimmers on artificial light in the presence of adequate daylight is strongly encouraged. Automatic dimmers reduce energy costs and can be considered to reduce the heat load on the building (on bright sunny days), allowing for the cooling system to be downsized. 

D. All HVAC systems should be “right-sized” for the loads they are being designed to meet. In particular, equipment such as boilers and chillers should be selected to meet the loads with reasonable factors for pickup and safety. Smaller equipment which is not unnecessarily oversized is less expensive initially, may take up less space, will operate more efficiently, and will generate less pollution.

E. Institutions of higher education have many large spaces with fluctuating occupancies that can use carbon dioxide sensors to control ventilation rates. 

F. Locate outside air intakes well above grade and away from elements such as boiler exhaust stacks, cooling tower air discharges, vehicular exhaust, and parking areas loading docks.

G. Use refrigerants that are not only CFC-free but also good choices when it comes to Global Warming Potential and Ozone Depletion Potential.

H. Consider alternate HVAC systems when they are shown to be cost effective. Systems such as hybrid chiller plants, fuel cells, mini- co-generation systems, and phase or load shift technology such as thermal storage should be encouraged.

I.  HVAC system decisions should not compromise indoor air quality. 

J. Active solar collectors can provide “free” heat if well-sited, matched to building loads, and particularly when installed with the benefit of economic incentives.

1.2
LEED Applications

The following products and work of Division 23 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisite. EA refers to Energy & Atmosphere. EQ refers to Indoor Environmental Quality.

A. HVAC Performance

· EA Pre-2 Minimum Energy Performance

· EA 1 Optimize Energy Performance

B. Refrigerants and Atmospheric Issues

· EA Pre-3 CFC Reduction in HVAC&R Equipment

· EA 4 Ozone Depletion

C. Controls & Comfort

· EA 5 Measurement & Verification

· EQ 1 Carbon Dioxide Monitoring
· EQ 6.2 Controllability of Systems: Thermal Comfort

· EQ 7.1 Thermal Comfort: Design

· EQ 7.2 Thermal Comfort: Verification

D. Commissioning

· EA Pre-1 Fundamental Commissioning of the Building Energy Systems 
· EA 3 Enhanced Commissioning

1.3
Design Standards

A. Ventilation: All conditioned buildings shall be equipped with a mechanical air supply and exhaust ventilation system which will provide, during periods of occupancy, standard tempered outdoor air supply and mechanical exhaust. Outdoor air ventilation shall be controlled at the rate recommended by ASHRAE Standard 62.1-2004 “Ventilation for Acceptable Indoor Air Quality,” and as recommended in the chapter on Educational Facilities in the latest edition of the ASHRAE Applications Handbook. The ASHRAE 62.1 Standard is under continuous maintenance and is upgraded approximately every 6 months.

B. Energy - New facilities, additions and major renovations shall be designed to the standard at minimum to satisfy the LEED Prerequisite ASHRAE 90.1-2004. 

Enhanced performance that also qualifies for LEED credits may then be earned by applying ASHRAE 90.1-2004 Appendix G, and subjecting the analysis to rigorous energy modeling simulation.

1.4
HVAC System Selection
The selection of the HVAC system is the responsibility of the Design Consultant who will address energy efficient systems most appropriate for the project. In the Program Phase, evaluate a minimum of three concept schemes against a base scheme. These are ‘quick’ studies with basic design narratives for the major building envelope and MEP systems. Life-cycle analysis, energy modeling, and comparative energy consumption estimates will help identify the scheme to be further developed.

1.5
Computer Modeling

On major projects, the design process shall include a DOE-2, EnergyPlus, eQuest, Trane/TraceTM 700, Carrier HAP-E20 II or another approved hourly load and energy-modeling software tool. Typical options to be studied as an example shall include:

· Alternate building envelope thermal resistance values

· Geothermal heating and cooling 
· Heat recovery (enthalpy wheels)

· High efficiency DX cooling

· Humidity reduction (desiccant system)

· Gas engine driven chillers

· Small, multiple cogeneration units

· Thermal storage

· Phase shift technology

· Controlled daylighting

· Other creative solutions appropriate for the project
1.6
Active Solar Collection Systems

The idea of collecting “free” solar heat is always appealing. However, it must also be practical and economically feasible if it is also to be a good option for a particular university campus. The investigation for a potential active solar collection system should begin with the following:

· A review of “solar access” on the site. Will the collectors be unshaded, at a minimum, on a daily basis from 9 AM until 3 PM solar time?

· A quantification of the need for heat and or hot water load for the building year-round. The needs for energy must be matched well to the available collection array if a cost effective installation is to result.

· A review of the cost for energy for the non-solar system operation. This analysis should also include projections for future energy costs.

· An understanding of any governmental incentives that may be available including tax credits.

There are two basic types of active solar heating systems based on the type of fluid - either liquid or air - that is heated in the solar energy collectors. (The collector is the device in which a fluid is heated by the sun.) Liquid-based systems heat water or an antifreeze solution in a "hydronic" collector, whereas air-based systems heat air in an "air collector."

Both of these systems collect and absorb solar radiation, then transfer the solar heat directly to the interior space or to a storage system, from which the heat is distributed. If the system cannot provide adequate space heating, an auxiliary or back-up system provides the additional heat. Liquid systems are more often used when storage is included, and are well suited for radiant heating systems, boilers with hot water radiators, and even absorption heat pumps and coolers. Both air and liquid systems can supplement forced air systems. 

Solar collectors should normally be thought of as pre-heaters, since back-up auxiliary heat will normally still be required. Passive solar design is an energy conserving approach that is based primarily upon the building design itself (i.e., building orientation, specification of glazing, interior finishes with heat storage capacity, and integration with HVAC design).

PART 2
PRODUCTS

22  00  00
Recycled Content

Materials in Division 23 are not considered in the calculation of LEED Recycled Content in credits 4.1 and 4.2 of LEED-NC 2.2.
23  00  10
HVAC General

A. Work with architect and other appropriate consultants to evaluate benefits of daylighting and HVAC design implications.

B. Provide a separate cooling system for all computer rooms in buildings where year round cooling is not provided. These units should be equipped to control lower and upper humidity levels.

C. Air from exhaust hoods should not be re-circulated to other areas under any circumstances.

D. Restrooms and janitors’ closets should have negative pressure when compared to surrounding rooms. Exhausts adjacent to toilet rooms should be separate to prevent sound transmission. Spaces in university buildings such as kitchens, science labs, shops and maintenance storage areas should be isolated with either negative pressure or separate system (s). 

E. Outside air intakes are to be protected with rainproof louvers with bird screens (1/2 inch stainless steel mesh).

F. Major items of HVAC equipment should be sub-metered, have DDC points, and be circuited to panels separate from other systems’ electrical circuits.

23  09  00
Controls

A. Individual room temperature control is highly preferred for most applications. Building system(s) shall be designed to allow temperature control based on each space function and hours of operation (day, night, etc.).

B. Consider providing CO2 sensors on the return airside of ductwork or in unit ventilators. These sensors are ideally matched with large educational spaces (i.e., meeting rooms, classrooms, cafeteria, auditorium, etc.) with occupancies that fluctuates.

C. Where applicable, provide close coupled electronic damper/valve operators. Outside air (OA) dampers shall be minimum leakage type (four CFM/SF or less at 1-inch differential pressure).

D. Where applicable, provide an electronic sensor (not an adjustable thermostat) in each zone to modulate the terminal box air valve associated with its area. Provide both direct and reverse action for changeover from heating to cooling and vice versa. 

E. Controls should allow adjustment of operating conditions in the event that future operational policies regarding energy consumption require higher temperatures (and humidity) in the summer and lower temperatures in the winter.

F. When using natural ventilation and operable windows, be sure to have interlocks between windows and the HVAC system and/or annunciation system.

23  30  00
Air Distribution

A. HVAC main and branch ducts shall be galvanized sheet metal fabricated and supported per SMACNA Sixth Edition. Fiberboard duct shall not be used. Flex duct may be used to connect outlets to branch duct but shall be limited to no more than five foot lengths. 

B. Exhaust ducts within the building should be maintained at negative pressure relative to surroundings to prevent duct leakage in the event of duct perforation due to corrosion.

C. Require duct testing where appropriate.

D. The use of enthalpy exchanger/desiccant dehumidifiers shall be considered whenever the application is promising.

23  33  00
Acoustics

A. Design and specify the HVAC air distribution system to have a sound power rating of NC30 or lower. Specify that sound measurements shall be required to verify compliance. Permissible sound levels in educational facilities shall comply with ANSI Standard S12.60-2002, which functionally limits background noise from HVAC systems to 35 dBA (when justified, 40 dBA shall be considered). The background noise level limit of 35 dBA is generally not achievable with most types of unitary HVAC equipment (e.g. unit ventilators, fan coil units, rooftop units, cabinet mounted ground source heat pumps), and effectively requires the use of central station air handling systems. 

B. Where potentially noisy HVAC equipment such as a heat pump is located in or near classrooms, an analysis by an acoustic consultant should be conducted.

23  40  00
Filtration

A. Adequate filtration is necessary to provide acceptable indoor air quality for the occupants and also protect the HVAC equipment so that it can continue to provide requisite fresh air ventilation quantities and air cleanliness. NJPOSHA now recommends the use of 65% efficient filters (as tested by the ASHRAE Dust-Spot filter test method) for new school construction. 

B. Evaluate the possible incorporation of ultraviolet C light into the return air duct in front of the filter banks. Some of the new Ultraviolet C systems emit plasma that will kill viruses and bacteria, such as legionella spp. and E. coli. In addition, the high output is reported to vaporize particulate matter down to 0.1 micron. This includes dust mites, dander, fine hair, etc. This is a relatively new technology. 

23  60  00
HVAC Equipment

A. Where electric chillers are specified, consider chillers that operate at high efficiency at full and anticipated part load. Model overall chiller efficiency based on seasonal ton-hours at likely load profile. Consider use of variable speed chillers.

B. Consider the use of modular chillers and boilers.

C. Select chillers to operate at high efficiency at both part and full load. Consider variable speed drive chillers.

D. Consider alternative type chillers, e.g., gas fired with heat recovery, absorption or engine driven.

E. Double wall units shall be provided, so insulation will not be exposed to conditioned air. 

F. For water cooled condensers, consider rejecting heat into the ground.

G. Evaluate heat recovery for all sources and incorporate those strategies that offer a payback acceptable to the owner.

H. Consider solar hot water systems.

I. Where applicable, consider wind-driven ventilation.

23  61  00
Refrigerants
CFCs are halogenated substances that, when inevitably released to the atmosphere, cause ozone depletion. Historically, virtually all mechanical cooling equipment in buildings used refrigerants containing chlorofluorocarbons (CFCs). This has changed, however. Under the Montreal Protocol, CFC production in the U.S. ceased in 1995. Consequently, specification of non-CFC building equipment is now standard and CFC-based refrigerants are no longer available in new equipment. 
Hydrochlorofluorocarbons (HCFCs) are the primary alternative to CFC refrigerants. Although HCFCs are more environmentally friendly than CFCs, with ozone depletion potentials one-tenth or less than those of CFCs, they still cause significant ozone damage. As a result, all HCFCs will be phased out in the United States by 2030. The most damaging HCFCs began to be phased out first, starting in 2003. Halons are used in fire suppression systems and fire extinguishers. Since 1994, halon production has been banned in the U.S. because of its very high ozone depletion potential which is many times greater than those of CFCs or HCFCs. 

Therefore, a new or “third” generation of refrigerants is needed which is still under development. One prime possibility is hydrofluorocarbons (HFCs) which do not have chlorine atoms and, therefore, have an ozone depletion potential which is essentially zero. Unfortunately, HFCs still have significant global warming potentials (like CFCs) and are somewhat less thermodynamically efficient than CFCs or HCFCs. 

PART 3
EXECUTION

3.1
Commissioning/Coordination

As part of the required full building commissioning, a commissioning agent is responsible for the balancing, testing, and adjusting of the HVAC system. The Commissioning firm should be experienced, possessing calibrated instruments, qualified engineers (at least one of whom must be a registered professional engineer), and trained technicians to perform the required tests. The final balancing operation shall be periodically observed and approved by the project-consulting engineer. Three sets of the final balancing report shall be provided. Further information can be found in ASHRAE Guideline 1-1996. 

Coordination between the design disciplines shall begin at or before the Program Phase and continue through the Construction Administration Phase and beyond. Items to be coordinated include the following:

A. Clearance needed for ductwork, piping, electrical conduit, light fixtures, sprinkler heads, ceiling diffusers, grilles, speakers, etc. 

B. Large mechanical piping should be carefully coordinated with the general construction as required to assure proper support, clearance and accessibility.

C. Piping (plumbing) and electrical switch gear location.

D. Louvers, equipment, supports, and other items serving mechanical systems but furnished in general construction (coordinate with vehicular exhaust: cars, buses, trucks, and kitchen exhaust.

E. Rough-in requirements of equipment Not in Contract (NIC).

F. Site utilities interface with building mechanical systems.

G. Adequate space for chillers, boilers, fire pumps, air handlers and other MEP equipment.

H. Insulation of ceiling and exterior wall cavities so that water piping in ceiling and exterior wall cavities is protected from freezing . 

I. Power quality standards must be coordinated for all electronic control and monitoring equipment. This includes all building systems such as mechanical, electrical, telephone/data, security, fire safety, and solar systems. The proper power and equipment must be consistent, clean, dependable and compatible with equipment such as building control systems, fire/life safety systems, transformers, voltage regulators, emergency generators, and photovoltaics.

3.2
Building Management System

The building management system (BMS) shall be Direct Digital Controlled (DDC) and run over the building fiber optic/cabling backbone. Monitoring/Control points with electric actuators, where applicable, shall be provided on all major equipment. All systems shall be designed for future Internet (Ethernet interfaces) Web Access monitoring/tracking and remote control of systems. It is critical that the BMS system maintain extreme simplicity and compatibility for future operations. See Division 25.

END OF DIVISION
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DIVISION 25
Integrated Automation

PART 1
GENERAL

Building management systems (BMS) can be used to evaluate whether equipment is operating as designed, track its impact on the environment, and show where energy consumption is greatest. Such data provides the needed information for an operator to “tweak” the system to make it operate more efficiently.

The control information presented in this Division is representative of typical conditions in most university buildings. The Design Team shall always explore the best, most efficient manner of using automated and integrated controls to achieve green objectives and, when applicable, LEED credit. 

1.1
Key Environmental Issues

A. Building management control has a great impact on IAQ and energy savings.

B. Proper training is essential for the personnel and staff that will be operating the automation systems. 

1.2
LEED Applications

The following products and work of Division 25 are related to credits in the LEED Green Building Rating System (Version 2.2). EA refers to Energy & Atmosphere. Pre refers to Prerequisite. EQ refers to Environmental Quality.

A. Energy Performance

· EA Pre-2 Minimum Energy Performance

· EA 1 Optimize Energy Performance

B. Controls

· EA 5 Measurement & Verification

· EQ 1 Carbon Dioxide Monitoring

· EQ 6.1 Controllability of Systems: Lighting

· EQ 6.2 Controllability of Systems: Thermal Comfort
PART 2
PRODUCTS

25  00  00
BMS Performance Format

A. Define the goals and extent of the Building Management System (BMS). 

B. Complete an economic analysis on the proposed BMS design. Set goals for the equipment that the BMS should manage based on the facility’s design standards and staff capabilities. 

C. Provide proper DDC points, hardware, software, and interface for all equipment to achieve control, tracking, and monitoring.

D. Track all readings for water, natural gas, electric and fossil fuel usage for major components in building systems. 

E. Provide backup power for Building Management System (BMS). 

F. Allow for local manual control if the BMS malfunctions. 

G. All software, diagnostic tools, wiring diagrams, and manuals become the property of the facility and shall be of generic type where the software, diagnostic tools, wiring diagrams and manuals are available on the open market. 

H. Alarms shall be provided for equipment malfunction, security breaches, and fire/life safety conditions.

I. All systems shall use Ethernet interfaces (internet protocols).

J. Design the system to a level of complexity that is appropriate for the staff who will be supporting its use. 

K. Require training for the staff that will be accessing the system. 

PART 3
EXECUTION

3.1
HVAC Controlled Equipment

A. Controlled equipment must include all major system components such as:

· Chillers 

· Cooling towers 

· Air handlers 

· Compressors 

· Fan coil units 

· Unit ventilators 

· VAV boxes, with or without reheat

B. Temperature, humidity, pressure and CO2 to be monitored will include:

· Indoor room temperature and relative humidity by zone or room 

· Outdoor temperature and relative humidity 

· Supply and return air temperature 

· Chilled and hot water supply and return 

· Status and temperature of outside fresh air (economizer) intakes 

· Static pressure on both sides of filter banks 

· Monitor BTUH of the solar radiation available outside above roof level 

· Provide CO2 sensors and return air in classrooms (and other large spaces with variable occupancy) to control outside fresh air

3.2
Lighting

A. Control artificial lighting when the amount of daylighting available outside is inadequate:

· Provide manual override 

· Allow for lighting control in every regularly occupied space 

· Control other major spaces using daylighting 

· Monitor electric consumption in all spaces and zones

3.3
Security

A. Shall be defined by the project team and should involve a representative from the campus Security Office. Monitor and Controls relate to the following:

· Motion detectors 

· Open and closed doors (exterior doors and selected interior doors) and windows 

· Closed circuit security cameras. If used: provide remote control and adjustment

· Security alarm system

3.4
Fire and Life Safety Systems

A. Monitor systems by zone or smaller areas:

· Smoke/fire detectors 

· Fire suppression systems 

· Fire pump (if needed) 

· Emergency generator 

· Other

B. Monitor and track:

· Temperatures of kitchen coolers and freezers 

· Monitor readings including water, natural gas, electric, and fossil fuels

3.5
Building Management System (BMS) Description

A. Controls and the equipment within the facility shall comply with the following:

· Require non-proprietary interfaces between all equipment and systems, including monitoring. 
· Provide multiple levels of log-on security. 

· System shall be run over building fiber optic and category 6 cabling on the building network with connection to the Internet. All software and hardware interfaces shall be non-proprietary, using common open standard protocol. System shall be Windows® based, such as BACnet with open protocol.

3.6
Facilities Management System (FM) Description

A. Allows for remote Web-based Internet access to all building management systems. Systems must maintain generic compatibility and interoperability. 

B. Access to building management systems through the facilities management system, must be password protected, and have multiple levels. 

C. Monitoring and control shall be password protected with multiple levels of access. 

D. Allow for future incorporation of a facilities management system using CAD plans for additional information and improved operations and maintenance.

3.7
Testing, Training, Operations, Maintenance, and Warranties

A. Provide complete testing and commissioning of the entire BMS.

B.  Provide on the job training and certification, where appropriate, for all personnel and staff that will be operating the systems. The training shall be provided at multiple levels of complexity appropriate for the staff who will be supporting its use. 

C. The BMS contractor or vendor shall provide the O & M manuals for the specific systems designed. Operations and Maintenance (O & M) for the BMS shall be coordinated with the O & M manuals provided by the equipment manufacturers. 

D. Maintenance Contracts shall be provided for a five year term for the complete BMS including routers, servers, fiber optics, cabling, termination devices, all software, etc. (computers and other peripheral devices are not included). A five year Maintenance Contract shall be provided for the entire telephone system, including all hardware and software, and to the public interface. The actual telephone instruments are not included. 

E. Extended warranties on all hardware and software related to the management systems shall be provided. Telephone help and support shall be provided at no additional cost, for a period of five years after formal acceptance of the management systems.

F. All software, diagnostic tools, wiring diagrams, and manuals become the property of the institution. and shall be of generic type where the software, diagnostic tools, wiring diagrams and manuals are available on the open market.

END OF DIVISION
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DIVISION 26
Electrical

PART 1
GENERAL

Electrical equipment, particularly lighting and fan motors, use a significant amount of energy in most university buildings. Reductions of these loads can be accomplished through the use of various types of controls. Another major energy conservation focus of a design team on a high performance university project should be to integrate artificial lighting with natural lighting. When adequate daylight is available - controls should turn artificial lighting down or off to save energy for both lighting and cooling energy. When daylighting is well executed, unwanted solar heat gain should be controlled, and glare avoided. There is also evidence that daylighting of classrooms improves student performance. Societal benefits of daylighting include reductions in electrical usage, which can alleviate seasonal strains on the utility grid and reduce the production of air pollutants at power plants.

Photovoltaics convert sunlight into electricity using specially designed cells or surfaces. Typically, an array of panels are hooked up to battery storage and an inverter to change the direct current from the sun into the alternating current commonly used in buildings. Various applications of building integrated photovoltaics (BIPV) where panels replace other architectural elements are also under development and BIPVs are being incorporated into many progressive green buildings. 

New Jersey's 1999 electric restructuring legislation provides for investments in energy efficiency and renewable energy through a "Societal Benefits Charge" (SBC) collected from all customers of electric public utilities. In March 2001, the New Jersey Board of Public Utilities (BPU) approved funding for renewable-energy programs, including a customer-sited renewables rebate program for homes, businesses, institutions and non-profit facilities. Eligible technologies include fuel cells, photovoltaic (PV) systems, small wind-energy systems and/or sustainable biomass-energy technologies. See State and Federal Programs for details.
1.1
Key Environmental Issues

A. Consider allowable lighting power densities (LPD) in codes and standards to be maximum thresholds.

B. Ensure that integrated design is practiced, including the use of daylighting. 

C. Utilize daylight controls on lights in the perimeter zones and in other natural lighted areas. 

D. Provide DDC points for monitoring electrical energy consumption.

E. Evaluate the use of photovoltaics (solar electricity). 

1.2
LEED Applications

The following products and work of Division 26 are related to credits in the LEED Green Building Rating System (Version 2.2). Pre refers to Prerequisites. EA refers to Energy & Atmosphere, SS refers to Sustainable Sites and EQ to Environmental Quality.

A. Energy Performance

· EA Pre-2 Minimum Energy Performance

· EA 1 Optimize Energy Performance

B. Lighting

· SS 8 Light Pollution Reduction

· EQ 6 Controllability of Systems

· EQ 8 Daylight and Views
C. Daylighting Controls

· EA Pre-2 Minimum Energy Performance 

· EA 1 Optimize Energy Performance 

· EQ 6 Controllability of Systems 

· EQ 8 Daylight and Views 
D. Photovoltaics & BIPV

· EA 2 On-Site 

· Renewable Energy

1.3
Standards

A. All electrical work shall be in compliance with all applicable codes.

B. Electrical installations shall conform to requirements of the following:

· ANSI/NECA 1-2000, Standard Practices for Good Workmanship in Electrical Contracting.

· IEEE 241, Recommended Practice for Electric Power Systems in Commercial Buildings

· IEEE 1100, Recommended Practice for Powering and Grounding Electronic Equipment

· IESNA Lighting Handbook, Latest Edition

· Requirements of ANSI/IESNA RP-3-00, Lighting for Educational Facilities shall be included.

C. Energy - New facilities, additions and major renovations shall be designed to:

1. Require energy consumption to comply with ASHRAE Standard 90.1 - latest adopted edition. 

2. Require energy consuming equipment to conform to ASHRAE Standard 90.1 - latest adopted edition.

D. Light Pollution Reduction
LEED-NC 2.2, SS Credit 8 - Light Pollution Reduction: The primary components to this credit are:

1. limit light levels by meeting or providing lower light levels and uniformities than the IESNA Recommended Practice; Lighting for Exterior Environments (RP-33-99)

2. reduce skyglow by requiring luminaires with a lumen output greater than 3500 to be full cutoff; 
3. reduce light trespass by requiring luminaires within two-and-a-half times their mounting height from the property line not to produce light across that property line. 
PART 2
PRODUCTS

26  00  00
Recycled Content

Materials of this Division 22 not considered in the calculation of LEED Recycled Content in credits 4.1 and 4.2 of LEED-NC 2.2.

26  22  00
Energy Efficient Low Voltage Transformers
The U.S. Dept of Energy  (U.S. DOE) has established a new standard for energy efficient transformers used to step down the primary voltage (480/277) coming into a building to the voltage used (208/120) at the outlets throughout the building. Current, dry transformers achieve maximum efficiency (97+)% at 35-50% loading of the transformers and are UL approved for 5% non-linear loads.  The new transformer standard requires these transformers be capable of a 100% non-linear load and achievement of maximum efficiency (98.5%) at 15% -20% loading. 

The US DOE Standard is known as CSL-3.  Reduction in both heat and energy load will result from the installation of Energy Efficient transformers. Inclusion of these in the design will reduce heat load for HVAC systems, reduce energy loads with the reduction of energy needed to energize the core and energy used by matching the maximum efficiency of a transformer with the actual loading.  

A. Maximum No Load Losses --  No load losses shall not exceed: 15kVA - 50W, 30kVA - 90W, 45kVA - 120W, 75kVA - 170W, 112.5kVA - 250W, 150kVA - 310W, 225kVA - 430W, 300kVA - 530W, 500kVA - 800W.

B. Efficiency at 15% loading -- Efficiency at 1/6 load shall meet or exceed: 15kVA - 97.3%, 30kVA - 97.6%, 45kVA - 97.9%, 75kVA - 98.2%, 112.5kVA - 98.4%, 150kVA - 98.5%, 225kVA - 98.6%, 300kVA - 98.7%, 500kVA - 98.8%, 750kVA - 98.9%.

C. DOE 10 CFR Part 430 CSL 3 Efficiency requirement, tested per NEMA TP- 2: Shall meet or exceed: 15kVA - 97.6%, 30kVA - 98.1%, 45kVA - 98.3%, 75kVA - 98.6%, 112.5kVA - 98.8%, 150kVA - 98.9%, 225kVA - 98.9%, 300kVA - 99.0%, 500kVA - 99.1%.
26  31  00
Photovoltaics and BIPV

The use of photovoltaic cells (PV) enable the direct conversion of sunlight into electricity. PV cells are wired together to produce a PV “module”. For the weather and latitudes of the United States, typical insolation ranges from about 0.3 KWh/ft²/day in northern cloudy climates to 0.6 KWh/ft²/day in the sunniest regions. Typical photovoltaic cells then convert about 12% of the incoming insolation into usable electricity.

A PV system tied to the utility grid consists of one or more PV modules connected to an inverter that changes the system's direct-current (DC) electricity to alternating current (AC), which is compatible with the utility grid. 

Some PV modules are integrated into building components, such as roofing and wall glazing - these are referred to as building-integrated photovoltaics (BIPV). Green buildings with BIPV panels can be very distinctive and productive. Most of the interest in BIPV today is with grid-connected systems - systems in which the PV-generated DC power is converted into AC and fed into the utility grid - without the need for battery storage. Many utilities have become extremely interested in such an arrangement as a way to quickly boost generation capacity without the difficulties that come with plant siting, design, and construction. Under such an arrangement PV or BIPV collectors can generate sizeable economic benefits through a “net metering” arrangement whereby the customer is billed for the “net” electricity purchased from the utility over the entire billing period - that is, the difference between the electricity coming from the power grid and the electricity generated by the PV system. Hence, the monthly reading indicates “net” customer usage. 

Solar cells are not entirely “free” and benign. Materials used in some solar systems can create health and safety hazards for workers and anyone else coming into contact with them. In particular, the manufacturing of photovoltaic cells often requires hazardous materials such as arsenic and cadmium. Even relatively inert silicon, a major material used in solar cells, can be hazardous to workers if it is breathed in as dust. Workers involved in manufacturing photovoltaic modules and components must consequently be protected from exposure to these materials. However, once deployed, few power-generation technologies have as little impact on the environment as photovoltaics which quietly generate electricity from light and produce no on site or “in the neighborhood” air pollution. 

26  50  00
Fluorescent and HID Lighting

A. Pendant-Mounted Lighting: There are two primary, appropriate types of suspended fluorescent luminaires, which are classified according to the fraction of uplight and downlight:

In a direct/indirect luminaire, the amount of uplight and downlight is roughly the same. Provide for a light colored ceiling to take advantage of the uplight. Direct/indirect lighting systems can be used with light colored wood or other materials. Darker colored ceilings reduce the efficiency of the lighting system. The suspension length of direct/indirect lighting is less critical than for indirect lighting. 

In an indirect luminaire, the amount of uplight is at least 90%. If there is any downlight from the luminaire, it is only intended to create a sense of brilliance. Most of the illumination in the room is caused by reflected light from the ceiling. Indirect lighting requires a white ceiling and a minimum suspension length of 18 in., with 21 in. or greater strongly preferred. 

B. Troffer Lighting: Fluorescent troffers are designed to replace acoustical tile in grid tee-bar ceiling systems. Two (or more) T-8 lamps are inside each fixture. The three common troffer types include lens and parabolic troffers, and basket luminaires. 

Lens troffers are those where the down-facing side of the luminaire is covered with a plastic lens. In a modern lens troffer, the interior reflector should be either high-reflectance white paint or highly polished (“specular”) silvered coating or aluminum. Silvered coating increases the cost considerably but also increases efficiency to over 85%. The lens should be an industry standard “Pattern 12” prismatic acrylic lens, with a minimum lens thickness of 0.125 in. for durability and appearance.

Parabolic troffers have the down-facing side of the luminaire enclosed by a metal louver which has aluminum blades. Parabolics tend to create a cave-like appearance that may be suitable for some types of spaces, but typically should be avoided for general use in instructional spaces. These fixtures decrease glare, which is important in low-ceiling work areas and office spaces.

In basket troffers, the down-facing side of the luminaire is partially covered by a perforated basket to hide the lamps. While parabolic troffers and basket troffers may be used for instructional spaces, lens troffers generally should be chosen because of their specific light distribution and economy. Basket luminaires are relatively expensive and have poor light distribution qualities for classrooms, although they might be used in other spaces, especially corridors. 

C. Lighting Controls: All lighting systems in spaces with daylight should be designed and circuited so that lighting can be automatically controlled in response to daylighting conditions. Depending on daylight availability and the audio/visual needs of the instructional spaces (including extensive computer work), lighting controls will vary. Lighting systems should include dimming ballasts, automatic daylight sensing and occupancy sensors, manual dimming, and manual override. If the instructional space has no special audio/visual needs, dimming ballasts and automatic daylight sensing should still be included, as well as motion sensing with a manual override. If spaces with minimum daylighting have audio/visual needs, the lighting system should include dimming ballasts, automatic daylight sensing and occupancy sensors, manual dimming, and manual override. Occupancy sensors, with ultrasonic/infrared technology, should be provided. Time controls, manual dimmers, and photo sensor controls should also be considered where appropriate.

D. In medium height spaces, consider using fluorescent systems with multiple T-5HO or T-8 lamps. Superior color, elimination of flicker, and the ability to turn lights on and off as needed are major advantages over HID systems. 

E. Metal halide high bay lighting systems tend to be appropriate when ceilings are especially tall. Long lamp life and a minimum number of luminaires help keep initial and maintenance costs down. The long warm-up and restrike periods of metal halide lighting, however, are a drawback since switching lights off regularly is not recommended for these systems. A separate downlight system using halogen lamps is, therefore, often recommended since such a system is an instant-on, instant-off system that can be dimmed inexpensively. This feature is especially important if metal halide lights may be accidentally extinguished, as they will require a five to 10 minute cool-off and restrike delay. A dimmable tungsten downlighting system can also make the high spaces more appealing for social events. 

F. Lighting quality is a crucial issue in high, long-span spaces, avoiding direct view of an extra bright light source. The use of high output lamps, or skylights, can be especially critical in sporting event spaces. Even though a luminaire may normally be out of the line of sight, it can still create a devastating source of glare to, say, a volleyball or basketball player. If HID lamps are used, ‘safety’ lamps that extinguish when the outer bulb is broken are essential.

26  51  00
LED Lighting

The use of Light Emitting Diodes (LED) is no longer limited to exit lights and equipment displays or read outs (like elevator floors). High output, environmentally sound white LEDs now produce light levels comparable to compact fluorescents - and last up to four times as long.

Light output is commonly measured in lumens. A 60-Watt incandescent bulb produces about 850 lumens. The efficiency of lighting (luminous efficacy) is the light output (lumens) produced per unit of input electrical power (Watts) - or lumens/Watt. An incandescent lamp wastes most of its power as heat, with the result that its luminous efficacy is only around 15 lumens/Watt. A fluorescent lamp is much better at roughly 85 lumens/Watt. Today’s white LEDs, at around 30 lumens/Watt, have luminous efficacies that are already better than those of incandescent lamps. Moreover, it is believed possible to increase the luminous efficacies of LEDs to as high as 150-200 lumens/Watt.

Some very attractive architectural LED fixtures (both downlights and some linear fixtures) are beginning to enter the marketplace including products by some of the leading manufacturers. Their use is of course appealing to “green” designers. However, it is important to remember that the main purpose of lighting a building is to serve the needs and tasks of the building users - not just to save energy or reduce the need for maintenance. Therefore, be sure to observe fixtures being considered in actual operation under similar conditions before committing to their use. LEDs do not fail in the same manner as other types of light sources. Rather than experiencing a complete operational failure, LED light output slowly decreases with time.

26  53  00
Exit Lights

Exit signs are designed to lead building occupants to exits, both during normal building operation and during power outages. The evolution of exit sign technologies over the past several decades is a story of new technologies. Indeed, the most common exit signs sold today, those using LED lighting, use as little as two watts - one-twentieth the electricity consumed by older incandescent models. Available energy efficient options include:
A. Compact fluorescent: Usually contains two compact fluorescent (CFL) lamps of 7 to 13-watts each. In the 1980’s CFL exit signs and retrofit kits replaced incandescent lamps and ruled the exit light market into 1990’s. 
B. Radio luminescent (tritium): Are non-electrified exit signs in which glass tubes containing the radioactive gas tritium emit light. As the tritium gas decays, beta particles are emitted that are absorbed by the lamp’s phosphor coating which in turn emits visible light - usually green, to illuminate the exit sign. They typically cost more than other types of exit signs. However, no electrical connection is required - at times a distinct design advantage. Because tritium is radioactive, the manufacture, sale, and disposal of radio luminescent exit signs are regulated by the Nuclear Regulatory Commission (NRC) in the US.

C. Light-emitting diodes (LED): in the mid-1990s came the revolution of LED exit signs. LEDs produce point-source light when electric current is passed through a specialized semiconductor material. In 2005, LED products accounted for about 80% of exit signs sold, according to the American Council for an Energy-Efficient Economy. Early LED exit signs used 5-7 watts, but newer, ENERGY STAR models use no more than five watts. The lamp life of LEDs is as much as ten times that of CFL lamps, though rather than burning out they become dimmer over time.
D. Electroluminescent: these exit lights use even less electricity than LED products (0.25 watts to 0.5 watts each) to power a luminescent material that illuminates the exit sign. A claimed advantage for electroluminescent exit signs is that the light is emitted by millions of crystals and is not bent or diffused as easily by smoke as direct-beam light, such as that emitted from other exit signs. 
E. Photoluminescent: these exit signs use “glow in the dark” technology and the advantage of not needing to be connected to a source of electricity. A serious concern about using this type of sign is placement in an area that does nor provide enough illumination to charge it dependably.

26  56  00
Exterior Lighting Fixtures: Eliminate Light Pollution

A wide variety of light fixtures are now available that can facilitate compliance with the LEED “Light Pollution Reduction” credit requirement. Definitions of basic LEED lighting categories are as follows:
A. Shielded Fixture Types: 

· Uplight = 0,
· Uplight is > 0 but <= 2% of the rated lamp lumens 

· Uplight is > 2% but <= 10% of the rated lamp lumens

B. Full Cut-Off Fixture Types:

· Allows no light above 90 degrees. 100 cd per 1000 lamp lumens at 80 degrees.

PART 3
EXECUTION

3.1
Lighting Design

Guidelines that are suitable for many types of university projects are listed below:

A. The standard fluorescent lamp for use with electronic dimming ballast is the F32T8 800 series. The standard classroom fluorescent fixture is characterized by three lamps with CBM approved electronic dimming ballast. Alternative lighting and lamps that are more efficient and cost effective should be considered. T5 HO should be considered where appropriate.

B. Each instructional space and assembly room that is illuminated with the use of high intensity discharge (HID) shall also be provided with a second source of illumination to provide illumination instantly upon activation of the circuit. All HID lamps shall be of the fail-safe type, which will permanently extinguish within 15 minutes after the outer glass of the bulb is broken. All lamps shall be provided with a glass or plastic lens to protect the bulb.

C. Metal halide may be used in areas with high ceilings such as media centers, shops and gymnasiums. 

D. Incandescent shall not be used, except for stage spotlights where halogen lighting could be utilized. 

E. In general exterior lighting should be metal halide. Be mindful of color rendering properties of high wattage, high intensity discharge lamps used widely on roads and parking areas.

3.2
Lighting Quality and Illumination Levels

A. The Lighting Designer shall pay particular attention to source-task-eye geometry. This includes consideration for glare and veiling reflection for a variety of visual tasks including but not limited to: reading, writing, viewing CRT screens with either negative or positive contrast, viewing LCD screens, viewing keyboards, viewing white boards, and viewing projected surfaces.

B. Minimum illumination levels shall be provided at the defined area of the task surface. Illumination levels shall be determined as either raw installed intensity levels, or as levels to support the task as outlined in ANSI/IESNA RP-3-00.

3.3
Design for Light Pollution Reduction

Many of the LEED light trespass and skyglow criteria are very similar to early light pollution standards put forth by the International Dark Sky Association. Meet or provide lower light levels and uniformity ratios than those recommended by the Illuminating Engineering Society of North America (IESNA) Recommended Practice Manual: Lighting for Exterior Environments (RP-33-99). Design exterior lighting such that :

A. All exterior luminaires with more than 1000 initial lamp lumens are shielded and all luminaires with more than 3500 initial lamp lumens meet the Full Cutoff IESNA Classification. 

B. The maximum candela value of all interior lighting shall fall within the building (not out through windows) and the maximum candela value of all exterior lighting shall fall within the property. 

C. Any luminaire within a distance of 2.5 times its mounting height from the property boundary shall have shielding such that no light from that luminaire crosses the property boundary.

3.4
Controls Installation

Lighting controls: All lighting systems in areas where daylighting is used shall have lighting controls to shut off or dim lighting in response to daylight in the room. Occupancy sensors, time control, and photo sensors shall be used to control light where applicable. In order to assure proper performance, all controls shall be commissioned.

END OF DIVISION
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DIVISION 32
Exterior Improvements

PART 1
GENERAL

Under the old MasterFormat, Sitework was familiarly located in Division 02. Now, however, in MasterFormat 2004, sitework including paving and planting is covered in Division 32 (Exterior Improvements), with Earthwork in Division 31. Much of the new Division 32 relates to the extremely vital topic of water. Sometimes, and in some parts of the country, water is scarce, and rain-collecting strategies can be applied. At other times on campuses, however, water is at least a nuisance, and often a very damaging force.

Campuses typically include many acres of impervious surface related to roads, parking, paths, sidewalks and pedestrian plazas. Rain often lands on these impermeable surfaces and instead of percolating into the ground, flows directly into stormwater sewers. A better approach is to view stormwater as an amenity. Improved stormwater treatment can reduce flooding, maximize groundwater recharge, and enhance the ecological value of streams and other on-campus water bodies. 

The potential for achieving improved water quality while creating valuable wildlife habitat has led to a growing interest in the use of constructed wetlands for treating and recycling wastewater. While constructed wetlands require significant land, these systems may sometimes be a good match for a large campus. Constructed wetlands can offer an effective means of integrating wastewater treatment and resource enhancement, often at a competitive cost with conventional wastewater treatment systems. With an eye towards integrated planning, the benefits of potential constructed wetlands projects on campus may even “spill over” and benefit neighboring municipalities.

1.1
Key Environmental Issues

A. Control soil erosion so as to reduce negative impacts on water and air quality.

B. Specify site furnishings (benches, etc.) that are made from recycled material. 

C. Maximize possible use of permeable paving which allows water to infiltrate, recharging groundwater, reducing runoff, and affording a reduction in the capacity of the stormwater system. 

D. Rainwater harvesting is most commonly accomplished from roofs. Use collected rainwater to provide high-quality water for irrigation, and reduce stormwater runoff and flooding. 

E. Develop natural treatment systems such as constructed wetlands and bioswales to treat the site’s storm water.

F. Practice xeriscaping and use appropriate landscape types to reduce or eliminate irrigation requirements. Use high-efficiency drip irrigation systems and utilize rainwater.

G. Investigate the possible use of an innovative biological water reclamation system that accepts sewage wastes as a food source for bacteria, algae, plants, snails, and fish. Such a system could also serve as a stimulating living laboratory that could be worked into a school’s curriculum.

1.2
LEED Applications

The following products and work of Division 32 are related to credits in the LEED Green Building Rating System (Version 2.2). MR refers to Materials & Resources. SS refers to Sustainable Sites. WE refers to Water Efficiency.

A. Site Improvements

· MR 4 Recycled Content 

· MR 7 Certified Wood 

B. Pavements

· SS 6 Storm water Management 

· MR 4 Recycled Content 

C. Irrigation

· WE 1 Water Efficient Landscaping 

· WE 3 Water Use Reduction 

· MR 4 Recycled Content 

D. Constructed Wetlands

· WE 1 Water Efficient Landscaping 

· WE 2 Innovative Wastewater Technologies 

E. Planting/Xeriscaping

· SS Pre-1 Erosion and Sedimentation Control 

· SS 5 Reduced Site Disturbance 

· WE 1 Water Efficient Landscaping 

· MR 3 Resource Reuse

PART 2
PRODUCTS

32  00  00
Site Improvements

There is a great opportunity for campuses to utilize products made of environmentally-preferable material Most commonly, these are made from either HDPE or commingled plastics. Other products are made from salvaged materials or FSC-certified wood. Fences, tiles, pavers, picnic tables, benches, waste receptacles, playground equipment, tire stops, planters and many more products are available from a quickly growing number of manufacturers.

32  10  00
Paving

Most conventional paving is either asphalt or concrete. These two materials differ greatly. Asphalt is a mix of aggregate and leftover heavy hydrocarbons (after more valuable, lighter fractions of crude oil have been extracted). Concrete is a hardened, rock-like material usually made by mixing Portland cement with sand, aggregate, and water. For some applications it is possible to avoid these conventional pavement products in favor of more natural, less energy-intensive materials using locally available aggregates and bio-based binders.

One such more natural paving material, known as Road Oyl Resin Pavement, is based on an emulsion formulated from pine rosin and pitch in water. The emulsion is mixed with crushed stone - usually decomposed granite - that includes a range of particle sizes. Ideally, the aggregate should not include organic matter or clay particles. The aggregate and emulsion mixture (proportioned as recommended by the manufacturer) is then laid down using fairly conventional paving equipment and practices. In remote areas, such as along campus trails, small-scale equipment and hand labor are often used. After compacting or rolling and several days of cure time, Resin Pavement forms a hard, durable surface that contains neither petroleum derivatives nor cement. Unlike asphalt, which hardens by cooling, or concrete, which hardens through a chemical hydration process, resin pavement hardens through evaporation of the water carrier. The compressive strength of Resin Pavement typically exceeds that of conventional asphalt by more than threefold. It is also highly water-resistant and can withstand heavy wash and even flooding.

32  12  00
Pervious Pavement 

Impervious pavement on roads, parking areas and other hard surfaces is the primary source of stormwater runoff on campus. The use of permeable paving allows rainwater to percolate through the paving and into the ground before it runs off and collects. Such an approach reduces stormwater runoff volumes and minimizes the pollutants introduced into stormwater runoff from paved areas. Permeable paving may be used for walkways, plazas, driveways, parking stalls, and overflow parking areas. In considering the performance of pervious pavement, note that a runoff coefficient of 1.0 means that all the water runs off. A runoff coefficient of 0.10 means that 10% of the water runs off and the rest is absorbed. The three major types of permeable paving are:

· Porous asphalt and pervious concrete appear to be the same as traditional asphalt or concrete pavement. However, they are mixed with a very low content of fine sand, so that they have 10%-25% void space and a runoff coefficient that is almost zero. 

· Paving stones (“unit pavers”) are impermeable blocks made of brick, stone, or concrete, set on a prepared sand base. The spaces between the blocks are filled with sand or stone dust to allow water to percolate downward. Runoff coefficients range greatly from 0.1 to 0.7, depending on rainfall intensity, joint width, and materials. Some concrete paving stones have an open cell design to increase permeability. 

· Grass pavers (“turf blocks”) are a type of open-cell unit paver in which the cells are filled with soil and planted with turf. The pavers, made of concrete or synthetic material, distribute the weight of traffic and prevent compression of the underlying soil. Runoff coefficients are similar to grass, 0.15 to 0.6. 

Each of these types of paving is constructed over a base course that doubles as a reservoir for the stormwater before it infiltrates into the subsoil. The reservoir should consist of uniformly-sized crushed stone, with a depth sufficient to store all of the rainfall from the design storm. The bottom of the stone reservoir should be completely flat so that infiltrated runoff will be able to infiltrate through the entire surface. 

Permeable pavement can be an effective tool for on-campus stormwater treatment. However, in selecting the type of pervious paving material to be used, consideration must be given to the anticipated character and intensity of use of the surface. For surfaces designed for vehicular use, this will include the type, weight and size of vehicle, and the traffic rate and frequency. For example, due to their non-monolithic character, pavers, turf blocks, and gravel can achieve significant rainwater infiltration but may not be able to withstand regular traffic loads. As such, these materials may be more appropriate for overflow parking areas and emergency or maintenance access roads. Here in the Northeast, consideration must also be given to the need for snow plowing and other maintenance activities. One approach to plows is to mount small wheels on them so that the plow itself does not come into contact with the pavement during plowing operations.

32  71  00
Constructed Wetlands

Constructed wetlands treatment systems are engineered systems that have been designed and constructed to utilize the natural processes involving wetland vegetation, soils, and their associated microbial assemblages to assist in treating wastewater. They are designed to take advantage of many of the same processes that occur in natural wetlands, but do so within a more controlled environment. Some of these systems have been designed and operated with the sole purpose of treating wastewater, while others have been implemented with multiple-use objectives in mind, such as using treated wastewater effluent as a water source for the creation and restoration of wetland habitat for wildlife use and environmental enhancement. 

These treatment systems generally fall into one of following two general categories. 


1. Subsurface Flow Systems keep the water being treated below the surface, 
thereby helping to avoid the development of odors and other nuisance problems. 
They are designed and operated in a manner that provides limited opportunity for 
benefits other than water quality improvement. 


2. Free Water Surface Systems are designed to simulate natural wetlands, with 
the water flowing over the soil surface at shallow depths. Free Water Surface 
Systems are frequently designed to maximize wetland habitat values and reuse 
opportunities, while also providing water quality improvement. Therefore, Free 
Water Surface Systems are typically the best approach for most campus 
applications.

Also worthy of mention is a unique type of constructed wetlands known as “The Living Machine”. Raw sewage and air are pumped into a series of linked large plastic tanks in which plants of hundreds of species are suspended. While the plants drink up nutrients in the sewage, countless bacteria and microbes break down pollutants. As the sewage being treated proceeds from tank to tank it becomes progressively cleaner. after passing through several tanks it is clean enough for fish and snails to also engage in the process. Finally emerging is water clear enough for irrigation, toilet flushing or other non-potable uses. 

Many of these systems are installed in elite LEED Gold or Platinum buildings. They may have an especially important educational value when utilized on campus.

32  80  00
Irrigation, Rainwater Harvesting

Cisterns and rain barrels are simple techniques to store rooftop runoff for reuse for landscaping and other non-potable uses. They are based on an approach that treats rooftop runoff as a resource that should be reused or infiltrated. In contrast, conventional stormwater management strategies take rooftop runoff, which is often relatively free of pollutants, and send it into the stormwater treatment system along with runoff from paved areas.

The simplest and most common approach to roof runoff storage involves directing each downspout to a 55-gallon rain barrel. A hose is attached to a faucet at the bottom of the barrel and water is distributed by gravity pressure. A more sophisticated technique is to route multiple downspouts to a cistern. Cisterns are partially or fully buried tanks that provide considerably more storage than barrels as well as pressurized distribution. Cisterns can collect water from multiple points (downspouts or even multiple roofs), and then distribute this water wherever it needs to go through an electric pump. 

Stored rain water can be used for lawn irrigation, gardens, and vehicle washing. When rain barrels or cisterns are full, rooftop runoff should be directed to drywells, stormwater planters, or bio-retention areas where it will be infiltrated. The stormwater volume/peak discharge rate benefits of cisterns and rain barrels depend on the amount of storage available at the beginning of each storm. 

In the area of irrigation, many universities in New Jersey can save a significant amount of water. Smart, programmable sprinkler systems and moisture sensors can be installed combined with cisterns that collect and store run-off from rooftops and other impervious surfaces. Rainwater by the way (classified as “grey water”, meaning that it does not include human waste or sewage), can also be used in many municipalities for other non-potable uses such as toilet flushing and laundries. 

32  84  13
Drip Irrigation

Drip irrigation is the slow application of water directly to the plant's root zone. Maintaining an optimum moisture level in the soil at all times results in less water lost to the sun and the wind. No water is wasted on non-growth areas, and the root zone is maintained at its ideal moisture level, combining the proper balance of water and air for a very efficient irrigation system. 

The practice of drip irrigation has its beginnings in agriculture in many parts of the world where harsh climates limit water supplies. During the 1960's farmers discovered that by using drip irrigation they could increase yields while lowering water use. Today drip irrigation is well-trusted and used extensively in agriculture, and is actively utilized in commercial landscaping. 

32  90  00
Planting, Xeriscaping

The most fundamental sustainable landscaping practice is the use of native vegetation. Native plants are well adapted to the specific climate, allowing them to thrive with fewer fertilizers and pesticides, and less water, than many non-native plants. The use of native plants benefits the environment by reducing the negative impacts associated with invasive non-native plants. The use of local plants also helps to minimize transportation costs, conserve energy, and reduce pollution. 

The term “Xeriscape” was coined in the early 1980’s to capture the idea of water conserving landscapes, but conceptually Xeriscaping involves much more. There are seven essential components of Xeriscaping: appropriate planning and design; appropriate/minimal turf areas; appropriate soil preparation and analysis; appropriate plant selection; appropriate watering methods; appropriate use of mulches; and appropriate landscape maintenance. Although this practice is currently of greater interest in the arid Southwest, the principles of Xeriscaping can be applied with great benefit in New Jersey.

In addition to using native plant materials, existing trees, shrubs and vegetation can often be preserved in place or transplanted before site improvements are made. Placing barricades around the drip line or canopy of existing trees prior to site excavation prevents fatal root damage. The site's existing and natural conditions, including soil, waterways, vegetation and wildlife, should be preserved as much as possible.

PART 3
EXECUTION

Not Used

END OF DIVISION

Appendix A - BIM
Building Information Modeling

BIM technology and its implementation process have rapidly advanced in both sophistication and use so that the business case for its adoption is no longer challenged. National government agencies such as the Government Services Administration (GSA) and Department of Veterans Affairs (VA), state governments in Texas and Wisconsin, and local governments in California for Community Colleges are requiring BIM for all of their publically funded facilities. Colleges such as University of Indiana have published BIM Guidelines for the prospective consultants wishing to win facilities projects. State agencies such as the Dormitory Authority of the State of New York (DASNY) are developing their own BIM Guidelines for its forthcoming projects. 

Building Information Modeling (BIM) is a working set of interacting policies, processes, and technologies1  generating a “(process) to manage the essential (3-D) building design and project data in digital format throughout the building’s life-cycle”
BIM Process

1 - Parametric Capability

BIM is a strategic process for the design, construction, and management of both buildings and infrastructure. BIM’s strength and uniqueness is (a) its primary use of a 3-D parametric software platform that represents the objects and components of all building systems with metrics of their actual performance properties (the “Information data”), and (b) connects these components in all their graphic representations so that changes in one view are made in all other views, including 2-D (schedules, e.g.). This capability allows multiple analyses and real time performance simulations of the building as it is developed. A building information model is a virtual building containing all relevant data that allows it to be analyzed as it would exist on a real site during the seasons and in the weather.

2 - Integrated Project Delivery

BIM as a process achieves its greatest benefit when used with Integrated Project Delivery (IPD), which is dependent on collaboration between the Owner, Architect, and Contractor. 

3 - Sustainability

BIM as a process has the analytical and simulation ability to allow Owner, Architect, and Contractor to know and understand both visually and quantitatively the conditions and environmental factors affecting a building at its unique place—its genius loci—and its performance and sustainability potential within that environment. This information influences the design, and with the mandate of energy efficiency and carbon reduction, healthy, productive, and functional environments, low operating and maintenance costs, maximized life-cycle costs, and a beautiful building, moves the design toward its form following performance.

4 - New Business Model 

BIM’s implementation changes the current business models for new construction and improvements of existing buildings and infrastructure from budget, schedule, function, and aesthetic anxiety to transparent and consensus-based decision making at all levels of professional engagement and project development. For example, the developing model provides (a) regular cost calculations based on those consensus decisions—from accurately calculated development costs to the cost of running a building from year to year, and (b) building performance analyses and simulation based on accurate metrics that can be examined, and adjusted, in the projected/actual scenarios of project goals, business requirements, and facility management demands.

5 - Facilities Management

The end goal of model development is an as-built model containing all information required to manage the building and its performance throughout its life. The expectation is linkage to the model information in a format that readily allows Operations and Maintenance (O&M) personnel to:  (a) view in real time the building performance in the interest of both maintaining and adjusting all systems and their components to ensure—and even improve—the designed performance; (b) access all building spaces to inform expansion, renovation, and program/department adjustments using readily available net-to-gross area calculations, comprehensive equipment identification and location, and all affected building systems. 

6 - Interoperability

BIM software authoring tools must be Industry Foundation Class (IFC) compliant as certified by the buildingSMART Alliance. This requirement ensures that all data and systems are interoperable over the life of the building—i.e., can communicate with one another, can readily use and exchange data, with other software, and generally work and inform one another.

7 - The Data

As the source of enumerable metrics developed during the modeling process, BIM offers the opportunity for [The Institution] and its consultants to exercise their fundamental design principles—within the inspiration of environment and program—to discover their aesthetic path, assured that the technology used and the sustainable performance it describes increases the amount of design information and validates the beautiful results being generated.

8 - The Promise

The promise of BIM is not only the promise of a quicker developed and stronger bottom line for projects, but the promise of a coalescence of technology and architecture into an “architectural science” that gives this study and its practical results a “true symbol of its time.”

BIM Team Organization for Optimum Collaboration

The BIM process can only be realized with the Team collaborating in real time as they make design decisions together to create a set of interrelated building components and systems
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Figure 1 shows a typical relational picture of an Owner/Architect/Contractor using CAD as the primary technology in the design and construction process showing the Team assembling a loosely joined set of documents. 

[image: image6.png]) ) (=) (o) =) (o)) (=




Figure 2 shows the relational picture of a collaborative BIM process in which all Team Members join to make Project decisions.

Benefits Summary of BIM

By using BIM, smart building decisions can be made early in the design process to: 

· Quickly assess impacts of design changes

· Improve integration of high-performance “green” design

· Enhance team co-operation

· Improve estimate accuracy and sensitivity

· Reduce Change Orders

· Improve Constructability

· Review schedule progress visually

· Plan site logistics

· Reduce cost preparation time

· Provide for an earlier construction start

· Facilitate true value engineering

Information courtesy of Carbon-Key LLC

Appendix B - Case Studies

See separate document.
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