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Abstract

Princeton University’s energy needs will naturally increase as its campus and community grow. By taking action to reduce its energy needs, Princeton can save money, improve its public image, and make a real contribution to the global effort to retard global warming. As the main component of Princeton University’s energy demand, improving campus buildings will be an important component of this effort. While expensive, overhaul of existing buildings will be necessary to reduce emissions and energy use. Building any new structures will set back initiatives to curtail energy use, so the University’s planned expansion must be conducted with the utmost concern for environmental impact and especially energy efficiency. Princeton University can ensure that this effort is successful by improving the process by which donors, designers, University decision makers, and University client programs interact. These adjustments can be made in ways that do not impinge upon capital contributions, architectural ingenuity, or academic need. On the contrary, improving Princeton University’s Design Standards can result in buildings that are better suited to their users, more economical for the university, more sustainable, and that contribute to the University’s public image as a leader among institutions of higher education.
Introduction: Basis for Inquiry

Simply put, Princeton University needs energy to operate. Given current technology, energy generation generally requires burning fuels which emit carbon dioxide. This has been found to be very likely the main human contribution to global warming, as this year’s Intergovernmental Panel on Climate Change (IPCC) report indicated.
 As an ethical, responsible institution with the power to change its impact, Princeton University should reduce its contribution to global warming by reducing its demand for energy. Yet Princeton’s size is increasing, so without changes to its efficiency, its impact will grow rather than shrink. If Princeton University is to fulfill its potential to lead, it must both continue to increase its activity and commence reductions in its energy needs.

Three realities inform this paper’s reasoning and determine its recommendations. First, the price Princeton University pays for energy is currently below the societal and environmental optimum, but this cost will increase in the near future to incorporate these external costs, either as a result of market forces on the price of fuel, a nationwide carbon tax, a self-imposed obligation to offset carbon emissions with carbon reducing programs elsewhere, or a combination of the three. Second, Princeton University must and will continue to expand its campus in accordance with its academic mission. Third, and mediating between the first two, Princeton University does not plan to and will not dramatically increase its district energy facilities.
Facilities and Infrastructure: Extrapolations from the Premise

In 2006, Princeton University is estimated to have released nearly 140,000 tons of carbon dioxide.
 Without a change in policy, campus floor space will increase by perhaps 15 percent over the next ten years, but carbon output may increase by as much as 70 percent.
 This carbon footprint is based almost entirely on one primary measurable source of carbon on Princeton University campus. Instead of individual building furnaces and building or room air conditioners, the University’s Facilities Plant centralizes electrical power, heating and cooling supply for nearly all the buildings on campus. The plant, which is run with a great deal of care for efficiency and cleanliness, is the recent recipient of an Energy Star award from the US Environmental Protection Agency.


While Princeton supplies itself with clean energy, this tells only part of the story. If the public utility grid is selling power for less than the cost of operating the on-campus generator, the university’s plant management will switch to purchasing electricity and scale back or shut down the cogeneration plant. At the present, the University could at most times provide itself with all the power it needs. Unfortunately, this choice is not permanently open. This has become concerning over only a few years. In 2000, Princeton University purchased 12.8 billion Watt-hours (GWh) of electricity from the grid, and sold 2.2 GWh back to the grid, demanding a net of only 10.6 GWh, while producing more than 100 GWh locally.
 By 2006, Princeton University purchased 79.8 GWh from the grid, producing only 57.8 GWh locally.


The University’s academic campus is growing rapidly, while the facilities plant is growing slowly, if at all. As the square footage of campus space to be heated, cooled, and lighted increases, the facilities plant will be less able to meet all of our needs directly and less able to insulate itself from price and demand fluctuations on the grid. This will eventually necessitate some purchases of electricity from the grid at all times, whether cost effective or not. This is a concern because at times when grid price is high, marginal power on the grid is added by the least efficient backup power plants. Resorting to the grid at these times incurs higher prices, and compels the inefficient use of non-renewable fuel. While the route is circuitous, the resulting state of affairs is a profligate emission of greenhouse gases, and responsibility for it lies with the University. The proposed offset system necessitates an accurate sense of the impact of Princeton’s purchases.

Unfortunately, the exact operating regimen of grid-supplying power plants is not publicized, so Princeton cannot predict with any accuracy the cleanliness or efficiency of its grid purchases. Assuming that the grid’s annual average applies is a bad compromise. The University is not purchasing average electricity; its purchases are nearly always elective. It is therefore responsible for the marginal component of grid supply, the power plant which just barely breaks even at the current price point. Since base power levels are provided by the cheapest, and therefore most efficient plants, the ones Princeton compels to be activated are likely to be among the worst utilizers of fuel, and far less efficient than Princeton’s own cogeneration plant.
 Unfortunately, this information is not available, even to bulk purchasers that monitor the grid closely. Princeton remains largely unable to assess its single largest environmental impact, but it likely is much worse than previously estimated.

Three options exist that would address this problem. Most simply, the University could push for carbon emissions data collection and dissemination by the utility operators. If Princeton could judge how much carbon it would cause to be produced at any given instant, it could weigh the increase carbon emissions against decreased cost compared to running the cleaner but more expensive on-campus plant. Princeton University is unfortunately not a powerful enough influence, as a lobby or as a consumer to overcome power companies’ leeriness about revealing their operations. The cost of a carbon tax will be incorporated into market prices, but this will not aid Princeton in determining its offset obligation. Alternatively, the University could expand its facilities plant to match anticipated growth in demand, replacing all grid purchases with emissions-measurable local generation. While increasing local supply may eventually become necessary, doing so sooner incurs penalties of foregone technological improvements. If this option is delayed through alternatives, the plant eventually installed can reflect innovations not yet perfected or even yet conceived.

The final option comes from the other side of the equation, demand. Limiting demand for power would allow the University to purchase less electricity and emit less carbon. While behavior-based conservation offers an inexpensive source of reductions, much of the campus demand for energy is built in, simply required by the current setup of Princeton University’s buildings. This is a continuing challenge, because buildings designed today with contemporary energy prices in mind will be in use for as much as a century or more, so constructing them to optimize today’s cost structure may result in unnecessary costs in the future. Conversely, expending extra thought today may obviate great expenditures in the future, perhaps even without additional initial cost. Thus adopting green building standards for both renovations and new construction is an essential step toward moderating Princeton’s energy demand.
Recommendations: Designing Green Buildings in the Princeton University Context
Recommendation 1: Incorporate Expectations of Cost Increases


Fuel costs have been on a rising trend. Global demand is outpacing global supply, and the shortfall is increasing. American electrical generating costs have risen over and above the cost of fuel, as demand outstrips a slow-growing supply. Most recently, Consolidated Edison of New York announced plans to increase rates by 17% next year, followed by increases of 3.2 and 3.7 percent in each of the next two years.
 Simply incorporating an expectation of increased energy prices will make more improvements affordable, resulting in more efficient buildings.

It also appears that a carbon tax will be imposed within the next two years. The northeastern states, led by New York, have agreed to a carbon credit cap-and-trade system, called the Regional Greenhouse Gas Initiative (RGGI).
 Starting in 2009, the ten participating states will split amongst themselves a fixed quota of carbon emissions credits. Each state will then auction the credits to power plants of at least 25 megawatt capacity. While this exempts Princeton University’s 15-megawatt cogeneration plant, it will radically restructure the cost of energy purchases. Princeton should especially watch for the 2015 cycle, where the cap on credits will begin to be reduced. RGGI projects that by 2021, energy prices will be 10% higher than they would be without the system, and that real price increases will begin in 2015, after the cap begins to shrink.
 If the first six years do not see rising energy costs, the subsequent years certainly will.


At the same time that Princeton University will face increasing cost on the energy market, it will begin to impose on itself the cost of offsetting carbon emissions. Offsets vary in cost today, but as easier and less expensive projects are completed, the overall price of offsets will increase. Five of the most used categories of offsets are incorporated in the Regional Greenhouse Gas Initiative. A power plant can fund these offsets to reduce their obligation to purchase credits. This will cause demand and prices for offsets to increase. If offsets are a self-imposed tax, they are a tax with an automatically increasing rate. RGGI projects the cost of credits eventually settling in price at $6.50 per ton of carbon dioxide (in 2003 dollars); offsets can be safely assumed to remain less expensive than credits.
 This will make increasingly ambitious projects affordable in fewer years, as the University seeks alternatives to the cost of offsets.

If the minimum plant size is reduced to cover Princeton’s cogeneration plant, this will only increase the incentive to develop green buildings on campus. The RGGI rules allow green building construction as an offset.
 Additionality is not a concern, because the savings of avoided credit purchases would result in separate calculations, with identifiable resulting increases in building efficiency.


I thus recommend that Princeton University make long-term projections for energy costs, and use these projections to inform decisions about energy efficiency and infrastructure projects. Doing so is the best way to ensure Princeton University’s long term financial interests while reducing greenhouse gas emissions.
Recommendation 2: Energy Self-Sufficiency


Princeton University’s exemption from the Regional Greenhouse Gas Initiative is a windfall for the University. Being free of a mandate to purchase credits will substantially reduce the cost of running Princeton’s cogeneration plant relative to purchasing electricity from credit-burdened plants. At low-demand times, when mostly nuclear and hydroelectric plants are operating, the University may still find it cost effective to purchase energy, but at peak times the University will feel a real constraint to save power. Depending on rules under the cap and trade system, Princeton may actually have a financial incentive to sell power back to the grid at a profit. Since it is both more efficient than the grid average and exempt from the tax, Princeton’s cogeneration plant might become among the least expensive generators in the region.


As mentioned above, the use of grid power poses an epistemological challenge to a University carbon neutrality commitment. Without accurate assessments of the grid’s instant marginal carbon output, Princeton cannot account for its carbon footprint and purchase the proper offsets to compensate. More accurate carbon emissions data will be available under the new Initiative, because measurement will be necessary for enforcement. This will likely not help the University, however, because at any moment the grid supply’s composition will still remain unknown.


Fortunately, there is an alternative to “going off the grid” completely, made possible by the price advantage Princeton can expect. Princeton can go “grid neutral,” returning as much power to the grid as it withdraws. If Princeton draws power at low demand times and returns it at high demand times (as the present facilities would enable), it can assume conservatively that the marginal power demanded and marginal power obviated were of the same carbon intensity. This would allow the University to use the grid as a storage battery, as it currently does with thermal storage. From an accounting perspective, this acts as an energy savings account, banking power when Princeton has a surplus and draining it when running a deficit is desirable. Instead of calculating grid efficiency, Princeton can simply measure its own emissions and offset those.

The relative costs of operating local power generation and grid purchases remains to be determined, but the change is certain to be in favor of local operation. Princeton should continue to balance its energy supply with cost for the time being, but once it adopts a carbon offset commitment, I recommend that Princeton University adopt a grid-neutral policy. It is convenient, financially beneficial, and ethically compatible with offsets.
Recommendation 3: Incorporate Sustainability in the Pre-Staging of Projects


Princeton University’s Design Standards encapsulate the process by which buildings are designed. In this system, energy efficiency and environmental sustainability are treated as building details, rather than as part of the building’s purpose. While the technical drawbacks of this method are discussed below, simply by reducing sustainability to this footing the University reduces its opportunities.


Project selection and prioritization is an important process, and one in which sustainability and energy are not considered. At some level, the University must decide which academic needs require new buildings or renovations. Without a central control, this process is driven by a combination of individual or group initiative within the University and donor availability to underwrite projects. This has the disadvantage of disconnecting campus growth from academic need and practicality for the University’s infrastructure. Projects get built too soon and fill slowly, using power to heat, cool and light underused rooms, while other projects that could replace inefficient or inconvenient older buildings go uncompleted.

I recommend twofold solution to this problem. First, Princeton University should formalize and publicize the process by which it identifies and initiates projects. Within this process, demonstrated academic need and potential for sustainable design should be among the main criteria. Second, Princeton should green its capital donation process. If alumni or other donors wish to contribute to a specific program or initiate a building project, these projects should not automatically be accepted. While the University’s capital budget is flexible, its operating budget is constrained, especially for facilities. Princeton should not simply reject projects as undesired, but can redirect donors from white elephants toward projects that would better serve the University’s mission.
Recommendation 4: Incorporate Sustainability in Setting General Goals for All Projects

Princeton has hired its architects for high-style design, and has given them goals for sustainability as a concern that comes second both in priority and chronology to excellence of architecture. This has produced aesthetically and functionally successful buildings, but it is undeniable that these designs have sacrificed both efficiency and cost. To require more stringent efficiency standards raises concerns that architects will be constrained, that to build very energy efficient structures is to build exceedingly plain ones. Fortunately is possible to produce pleasing, accommodating designs that fulfill all of Princeton’s standards for quality while also achieving greater energy savings.

The Princeton University Design Standards specify that a Sustainability Charrette be held in the Pre-Schematic Design phase of a project.
 This meeting brings together the building’s occupant, the University’s Project Manager, and the design team of architects and engineers. Here they establish sustainability goals that are deemed attainable on the specific project, including a level of energy efficiency. By this point, the architect has been selected, and he or she will have a detailed aesthetic vision in place, a site selected, and funding largely secured.

This hinders sustainability, because fundamental features that strongly influence efficiency have already been determined. A building must fit the site if one has already been picked, and the configuration is set in the architect’s mind. These limit flexibility to improve orientation and massing. These features can account for as much as a 40% variation in heating and cooling load, because north-south aligned buildings absorb more heat.


Rather than the current project-specific goals, which are developed in an exploratory manner, Princeton University could adopt a guiding principle for determining goals, and then commit to achieving them. I propose that Princeton adopt two guiding principles. First, Princeton should determine the maximum passive efficiency a building can achieve. This would include site selection, building configuration and alignment, which have essentially no cost but which can determine a large part of a building’s energy demand. Second, Princeton should determine how much energy can be saved through measures that also reduce costs. This process would involve studying the physical demands of a potential new building, and determining the maximum efficiency that could be affordably achieved. The resulting energy efficiency target will be ambitious but attainable. It is the maximum that can be attained without sacrificing cost.

This has the additional advantage of being a flexible standard. A building with laboratories and high-energy computers will never be as efficient as a simple office, but any structure can reach its own passive and profitable optimum.

If this ideally cost and energy efficient building were to be constructed, it would be exceedingly plain. Passive efficiency is best achieved with monolithic forms and an unbalanced window arrangement to avoid solar heating. Rather than require sacrifices, Princeton should simply mandate an equivalent level of energy efficiency. Using a standard, the design team can be allowed to attain that level by any means. If an architect prefers to have high ceilings that increase heating and cooling costs, or a heat-trapping glass façade, he or she should be permitted to include those features. The energy inefficiency can simply be made up elsewhere in the design with cost-positive features. Instead of standard insulated glass, the designer might specify expensive but highly insulated glass, to reduce the solar load. If a design cannot meet energy efficiency goals, on-site renewable energy generation might be integrated, through a photovoltaic roof, or micro-wind turbines along the eaves.

I recommend that Princeton University establish efficiency standards that come entirely prior to the project. Project goals will follow from these standards, but specific design elements will not, enabling the most cost efficient combination of design flexibility and ensured energy efficiency.
Recommendation 5: Adjust the LCCS System for Transparency, Predictability, and Results


As part of its Sustainable Design Guidelines, Princeton University has committed to using Lifecycle Cost Comparison Studies (LCCS) to make determinations about projects. Lifecycle costs include purchasing, operating and disposal expenses of every item in a project. Where energy efficiency is concerned, lifecycle costs generally weigh a higher initial price against lower operating expense.


In LCCS, the design team hired by Princeton will examine several alternatives for one aspect of the project. For example, better insulated windows will cost more, but save money over time. This stream of savings over time has been discounted, because Princeton has opportunity costs. If it spent that money elsewhere, or invested it, the University would gain revenue. This passed up opportunity is especially high for Princeton, because the Princeton Investment Company (Princo) has a very high rate of return. In 2006, Princo returned 19.5 percent on the University endowment.


By using this or any similar discount for opportunity cost, nothing appears to be affordable. Savings as few as five years away are not affordable, because investing instead will double the money in that time, and any savings late in the project’s life are essentially worthless. This approach is clearly not the one Princeton has used, but it demonstrates in an exaggerated manner the pitfalls of misapplying accounting principles to energy savings.

Using a discount rate at all is not a clear necessity. Princeton University indeed has an opportunity cost for operating expenses, since those moneys could be returned to the endowment. Capital funds used for building projects however are largely the result of project-specific donations. It cannot be safely asserted that these donations would have funneled into the endowment had a project not been initiated. 

The LCCS process itself has flaws that reduce its utility. The Sustainability Guidelines specify conducting at least six comparison studies, with at least one studying building envelope design and one studying building energy systems.
 The other four must be divided among six other categories, ranging from the electrical system to the interior design. No more than three studies can be in any one area.


This overlooks the importance of siting and massing, one of the eight categories and the single most influential component of building energy use. Indeed, this scheme seems to encourage frivolous studies rather than those with the most potential savings. Most interior furnishings and building materials have been researched by third parties, and their impact on building energy is well established. While sustainability director Shana Weber confirms that studies are not conducted to replicate this information, the Sustainability Guidelines do not mention the availability or use of third party studies.


LCCS also foregoes the benefit that could be gained from use of modeling instead of comparison. Comparing three discrete options out of a continuum does not guarantee the optimum choice, while computer modeling can.
 

I recommend that the LCCS rules be revised in three ways. First, these rules should require a lifecycle cost study of massing and siting along with the two specific studies already mandated. Second, the rules should specifically encourage use of third-party data to expedite or replace the more minor analyses. Third, the rules should specifically encourage the use of modeling to augment discrete comparisons where options are continuous. The combination of these modifications will make the intent and method of the process clearer to design teams, enabling better design choices to result.
Recommendation 6: Seek Outside Certification of Projects Through LEED


While the University has developed its own standards for efficiency and sustainability as an outgrowth of its design standards for contractors, third-party institutions have been developing guidelines specifically for “green” buildings. Among these the most famous are the LEED standards. Leadership in Energy and Environmental Design (LEED) was first created by the US Green Building Council in 1999, and has since become the most widely recognized means of acknowledging an institution for its commitment to energy efficiency. The standards take the form of a checklist; a project can be assessed easily for most items, only a few require calculations or detailed inspection. Tallying the number of criteria met yields a point value. Different ranges are assigned names, ranging from merely “Certified,” through “Silver,” “Gold” and “Platinum.” The list of qualifying buildings is publicized by the Green Building Council, and the certification nomenclature is intuitive for the public, even if they are not familiar with the criteria behind the ratings.

Unfortunately, Princeton University has had difficulty obtaining LEED recognition. The initial LEED standards were focused on individual building projects, especially commercial construction of offices. Princeton’s centralized facilities confounded the original criteria, which presupposed that every building would have its own heating and cooling equipment. As Princeton Vice President for Facilities Michael McKay has noted, “LEED criteria, however, do not adequately respond to both the advantages and challenges of a college campus setting.”
 If ordinary projects were built with the efficiency of Princeton’s facilities plant, they would receive at least six extra LEED points. Princeton Sustainability Director Shana Weber has noted that eight points is the difference between not even obtaining the lowest “LEED Certified” award and obtaining the “LEED Silver” rating.

Happily, the US Green Building Council has been receptive to this criticism from many institutions with district power systems. In October of 2005, they released an adapted set of LEED criteria specially suited to campuses with district power systems. Under these criteria, Princeton can harness the credit for its excellent facilities plant. With these criteria, a new building designed to satisfy existing Princeton University standards and announced intended policies would almost certainly qualify for “LEED Silver” rating and would definitely qualify for “Certified” status (see Appendix I).

Some experts object to LEED certification, because it fails to sufficiently differentiate the weights of different aspects of sustainability. For example, making a building’s operation five percent more energy efficient might save more energy than recycling a half of the building waste, but they both earn one LEED point. Indeed, if LEED is used to direct building design, it will result in the cheapest and easiest criteria being satisfied, not necessarily the most sustainable building. This should not be a hindrance to Princeton University’s intended use of LEED. Princeton would continue to use its own design criteria, and submit for LEED certification after the fact. Point-seeking would not be the design process, but Princeton should continually review the LEED criteria for alterations or updated evidence that make newly desirable some points Princeton does not currently seek. As the study of building health improves, some more expensive features LEED accredits may be found to have benefits besides energy efficiency that make them worth including.

The cost of certification is another reason to be hesitant about LEED status. Fortunately, this concern should be a minor one. Certification costs for buildings under 50,000 square feet are flat at $2,250 for non-member institutions, with a rate of 45 cents per square foot applying on buildings between 50,000 and half a million square feet.
 Considering that University projects routinely measure their final costs in the hundreds of dollars per square foot, this is a trivial component of cost. This minor burden can even be converted into an opportunity for donor recruitment. Alumni groups such as the graduating classes could easily raise a contribution in this range. Donating the certification costs of a building could be commemorated with plaques in visible locations in the building, in the same way that minor gifts have resulted in dedicated entryways to buildings.

In exchange for this cost nominal cost, Princeton University will get four benefits. These are derived directly from the certification of buildings to LEED standards, not from the physical improvements that could be accomplished with or without certification. Even if Princeton does not alter its designs to suit LEED, the present practice is opaque to public scrutiny, and more publicity would give a more accurate impression of the University’s commitment.

First, concerned outsiders will know that Princeton is committed to building very efficient and sustainable buildings. This constituent pool includes prospective students, faculty, and donors. Top-caliber students and scholars will become increasingly environmentally-conscious as climate science confirms the danger of global warming. While this is a small factor in an average student’s choice of school, there will be some who look specifically for a University that takes up leadership on energy sustainability. This category will include some very talented, passionate young leaders, exactly the types Princeton University seeks. Faculty in certain fields, especially the biological science, will be similarly receptive to an institution that takes efforts to align itself with the recommendations of their discipline. To have these groups consider Princeton as a first choice among our peer institutions is an ideal to be pursued through many routes, and providing high-profile physical evidence of Princeton University’s institutional commitment is one method.

Second, if attracting students and scholars were not enough, building green will encourage the University’s donors. Existing donors with lingering qualms about the waste of resources will have those concerns allayed if Princeton commits to building green. Potential but inactive donors may also be encouraged to commence or resume donations thanks to the positive publicity. And a small but growing group of environmentally-conscious alumni will be spurred to give significant gifts in furtherance of a Princeton commitment to only building green.

Third, LEED standards can be a learning tool for architects who are not experts in green building design. This is especially true of the established and world-renowned ones Princeton prides itself on attracting. Princeton University having an internal design mechanism without a well-recognized adjunct like LEED reduces the pool of experienced colleagues to whom an architect can turn for assistance. Only a few dozen firms have worked on Princeton University campus under the current sustainability guidelines, but thousands of architects now focus their practices exclusively on green buildings designed to qualify for LEED. LEED can help talented but unfamiliar architects get up to speed before they get into the details of a project. This might result in a smoother design process, with less need to go back and ensure sustainability goals have been met, and might very well result in the design of more efficient buildings.

Lastly, Princeton University can confirm its own assessment of its buildings if it seeks LEED certification. The designers and project team may be confident that a building will be highly efficient and sustainable, but only an impartial outside opinion can confirm this with transparency and accountability.

Reflecting all of these benefits, I recommend that Princeton University seek LEED certification for future projects, but that it make designs without a focus on the LEED criteria.
Conclusion

It would be easy to say that concerns over carbon emissions detract from our institution’s primary goals of education and research. Princeton is in a race to be the best University it can be, and expense or concern over this issue might be seen by some as an inconvenience or a distraction. But energy sustainability is not something Princeton must seek at the expense of the University’s research and teaching missions. It is in fact a part of our mission as a steward of the public interest and a training ground for future leaders. This will become increasingly clear in coming years, as leadership by example becomes expected of universities throughout the United States. Through the recommendations above, Princeton University can take on that leadership role in combating global climate change, improve its operations, and further its mission to be “in the nation’s service and the service of all nations.”
References
Alley, Richard, et al. Climate Change 2007: The Physical Science Basis: Summary for Policymakers. Paris: IPCC, 2007.
Benner, Kate. “U. Power Plant Wins Award for Efficiency.” The Daily Princetonian. March 9, 2007.
Borer, Edward T. and Schwartz, Jon. 2006 System of the Year Award Submittal. 2006.

Borer, Edward. “Campus Energy Production, Use and Opportunities.” Woodrow Wilson School, March 27, 2007.

Chan, Sewell. “Con Ed Seeks to Increase Electric Rates by up to 17%.” The New York Times. May 5, 2007.
Fairfield, Hannah. “When Carbon is Currency.” The New York Times. May 6, 2007.
Gratia, Elisabeth and De Herde, Andre. “Are Energy Consumptions Decreased With the Addition of a Double Skin?” Energy and Buildings. 39(2007) 605-619.
ICF Consulting. RGGI Electricity Sector Modeling Results. RGGI, 2005.

Katz, Gregory H. Green Building Costs and Financial Benefits. 2003.

Katz, Gregory H. Greening America’s Schools: Costs and Benefits. 2006.

LEED-NC Application Guide for Multiple Buildings and On-Campus Building Projects. US Green Building Council, 2005.
LEED-NC Green Building Rating System for New Construction & Major Renovations, Version 2.2. US Green Building Council, 2005.

Liemer, Ross. “University to Up Budget Funding in 2007-08.” The Daily Princetonian. November 29, 2006.
Nyquist, Thomas. “Development of Policy Initiatives for the Sustainable Use of Energy at Princeton University.” Woodrow Wilson School, February 13, 2007.

Princeton University Design Standards: 1.2 Sustainable Building Guidelines. Princeton University, 2006.

Princeton University Design Standards: 3.3 Energy Guidelines. Princeton University, 2006.

Regional Greenhouse Gas Initiative Model Rule. RGGI, 2007. Available Online: http://www.rggi.org/docs/model_rule_corrected_1_5_07.pdf
Register Your Project. US Green Building Council, 2007. Available Online: http://www.usgbc.org/DisplayPage.aspx?CMSPageID=65
Sartori, I. and Hestnes, A.G. “Energy Use in the Life Cycle of Conventional and Low-Energy Buildings.” Energy and Buildings. 39 (2007) 249-257.
Stevens, Ruth. “University Steps Up Sustainability Efforts.” Princeton Weekly Bulletin. June 5, 2006.

Wang, Weimin, Rivard, Hugues, and Zmeureanu, Radu. “An Object-Oriented Framework for Simulation-Based Green Building Design Optimization with Genetic Algorithms.” Advanced Engineering Informatics. 19(2005) 5-23.

Appendix I: LEED Qualification Under Attainable University Policy

Items in bold are credits that existing University practice, policy or conditions demand for new projects. Also included are projects that have not been mandated but are consistent with university policy, or which have been demonstrated to be cost negative. The largest uncertainty remains in the “Low Emitting Materials” criteria. Princeton seeks to avoid using emissive materials, but compliance with the LEED criteria is unclear. Without those four points, 29 Credits are mandated already, and several more could be obtained with practical benefit at low cost. This is equivalent to LEED “Certified” status, which requires between 26 and 32 points.
Sustainable Sites 14 Possible Points

Prereq 1 Construction Activity Pollution Prevention Required

Credit 1 Site Selection 1
This is a compliance credit, for defining the project limits in a manner that allows assessment.
Credit 2 Development Density & Community Connectivity 1
Princeton’s Campus is sufficiently dense that any project will qualify.
Credit 3 Brownfield Redevelopment 1

Credit 4.1 Alternative Transportation, Public Transportation Access 1
All of Princeton’s campus is sufficiently served by public transportation.
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1
Compliance with this credit is easy and fits with existing University initiatives for bicycling.
Credit 4.3 Alternative Transportation, Low Emitting & Fuel Efficient Vehicles 1

Credit 4.4 Alternative Transportation, Parking Capacity 1
Princeton University does not construct parking capacity as part of individual projects.
Credit 5.1 Site Development, Protect or Restore Habitat 1

Credit 5.2 Site Development, Maximize Open Space 1

Credit 6.1 Stormwater Design, Quantity Control 1

Princeton University has stated an intent to control storm water volume.

Credit 6.2 Stormwater Design, Quality Control 1
Also one of Princeton’s stated sustainability values.
Credit 7.1 Heat Island Effect, Non-Roof 1
Campus planning reduces heat islands by having more vegetation than black surface.
Credit 7.2 Heat Island Effect, Roof 1
Princeton University design guidelines specify high albedo or green roofs.
Credit 8 Light Pollution Reduction 1

Lighting guidelines should satisfy this requirement on any project large enough to potentially create light pollution.

Water Efficiency 5 Possible Points

Credit 1.1 Water Efficient Landscaping, Reduce by 50% 1
Reduced irrigation is University policy.
Credit 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation 1

Credit 2 Innovative Wastewater Technologies 1

Credit 3.1 Water Use Reduction, 20% Reduction 1

Credit 3.2 Water Use Reduction, 30% Reduction 1
These reductions were found to be cost negative by ENV ST01.

Energy & Atmosphere 17 Possible Points

Prereq 1 Fundamental Commissioning of the Building Energy

Systems Required

Prereq 2 Minimum Energy Performance Required

Prereq 3 Fundamental Refrigerant Management Required

Credit 1 Optimize Energy Performance 1–10
The efficiency of the Facilities Plant and standard University hardware garners 6 points.
Credit 2 On-Site Renewable Energy 1–3

Credit 3 Enhanced Commissioning 1

This is a compliance credit, given for projects that are inspected according to more stringent rules.

Credit 4 Enhanced Refrigerant Management 1

Princeton Buildings do not use refrigerants, and the facilities plant qualifies for refrigerant management credit.

Credit 5 Measurement & Verification 1

This is a compliance credit, meant to ensure short-term defects are corrected.

Credit 6 Green Power 1
Materials & Resources 13 Possible Points

Prereq 1 Storage & Collection of Recyclables Required

Credit 1.1 Building Reuse, Maintain 75% of Existing Walls, Floors & Roof 1

Credit 1.2 Building Reuse, Maintain 95% of Existing Walls, Floors & Roof 1

Credit 1.3 Building Reuse, Maintain 50% of Interior Non-Structural Elements 1

Credit 2.1 Construction Waste Management, Divert 50% from Disposal 1

Construction on campus averages close to this level of diversion.

Credit 2.2 Construction Waste Management, Divert 75% from Disposal 1

Credit 3.1 Materials Reuse, 5% 1

Credit 3.2 Materials Reuse, 10% 1

Credit 4.1 Recycled Content, 10% (post-consumer + 1/2 pre-consumer) 1

Credit 4.2 Recycled Content, 20% (post-consumer + 1/2 pre-consumer) 1

Credit 5.1 Regional Materials, 10% Extracted, Processed & Manufactured

Regionally 1

Brick and stone used by Princeton are regional.

Credit 5.2 Regional Materials, 20% Extracted, Processed & Manufactured

Regionally 1

Credit 6 Rapidly Renewable Materials 1

Princeton has previously used rapidly renewable materials in building interiors.
Credit 7 Certified Wood 1

Princeton has previously used certified wood for flooring.

Indoor Environmental Quality 15 Possible Points

Prereq 1 Minimum IAQ Performance Required

Prereq 2 Environmental Tobacco Smoke (ETS) Control Required

Credit 1 Outdoor Air Delivery Monitoring 1

ENV ST01 found that compliance would be cost-negative.

Credit 2 Increased Ventilation 1

Credit 3.1 Construction IAQ Management Plan, During Construction 1

Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1

Credit 4.1 Low-Emitting Materials, Adhesives & Sealants 1

Credit 4.2 Low-Emitting Materials, Paints & Coatings 1

Credit 4.3 Low-Emitting Materials, Carpet Systems 1

Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products 1

Credit 5 Indoor Chemical & Pollutant Source Control 1

Credit 6.1 Controllability of Systems, Lighting 1

Plans to include on-demand lighting are in place.

Credit 6.2 Controllability of Systems, Thermal Comfort 1

New buildings and renovations contain occupant controlled thermostats.

Credit 7.1 Thermal Comfort, Design 1

Credit 7.2 Thermal Comfort, Verification 1

Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1

Credit 8.2 Daylight & Views, Views for 90% of Spaces 1

Innovation & Design Process 5 Possible Points

Credit 1.1 Innovation in Design 1

Credit 1.2 Innovation in Design 1

Credit 1.3 Innovation in Design 1

Credit 1.4 Innovation in Design 1

Credit 2 LEED Accredited Professional 1
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