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Executive Summary

Scientists are an eccentric lot. One thing they
share in common is curiosity and this curiosity sometimes
leads them to some very peculiar places. This study is a
case in point. We were curious to learn what impact a Penn
State science building (and its 123 occupants) had on the
natural world. To some this might seem like an unusual
question. What discipline does it fit into? Is it Biology?
Environmental Science? Ecology? Political Science?
Sociology? Economics? In fact, each of these fields
makes contributions to our investigation.

But why, really, would a researcher want to spend
his/her time studying something as mundane as the impacts
that a building and its occupants have on the environment?
The short answer is, becauseit isimportant. After all, what
if in the practice of their science--in addition to making
discoveries--scientists  unwittingly  bring  unnecessary
suffering into the world? What if, for example, the
buildings they inhabit, their purchasing decisions, and their
personal habits are all wasteful on a colossal scale? What if
they develop sophisticated climate change models,
document the deleterious effects of endocrine disrupters,
trace the toxic plumes of pollutants in ground water, and
map soil erosion processes worldwide, all the while
contributing to some of these very things because of the
way they work and live?

Unfortunately, for the scientists who work in the
Mueller Biology building this has been the case. Because of
its poor design and inefficient operation, Mueller has a
significant negative impact on the environment. On an
annual basis, the building (and occupants) consumes,
2,872,210 kWh of electricity and an additional 2,564,019
kWh equivalent in heating energy. This energy
consumption is linked to the burning of 2,223 tons of coal,
the burning of which releases over 5,750 tons of carbon
dioxide (CO, -- a greenhouse gas). On an annual per capita
basis the numbers are sobering: 18 tons of coal, 46 % tons
of CO..

The purchasing decisions employed by Mueller
(and PSU as a whole) are a second contributing factor to
colossal waste and environmental harm. Little effort is
made to address the life-cycle environmental impacts of
products or to purchase products containing recycled
materials or to ensure that the purchased products are highly
efficient and are produced using clean technologies. For
example, carpet covers almost 12,000 square feet of floor
space in Mueller. Mueller's carpet comes from 100% virgin
synthetic fiber (i.e., from petroleum); the backings and
adhesives associated with Mueller’s carpeting off-gas
volatile organic compounds (VOCs), some of which are
known and suspected carcinogens.

The assignment that we gave ourselves was. Cut
the ecological impact of Mueller Building in half while
creating healthier working conditions for all building
occupants. The analysis on the following pages reveals that
it is, indeed, possible to reduce significantly Mueller's
aggregate impacts in many areas. For example, there are

"off-the-shelf" solutions that can significantly reduce
Mueller's impact on the environment connected with
carpeting, furniture, paints, cleaners, toner, paper, food,
lighting, heating, . . . .in short everything associated with the
building.

The majority of environmental improvements that
Mueller could make would actually save money! For
example, by following the suggestions outlined in the
energy portions of this study Mueller building could reap
more than $45,000 per year in energy savings aone (as
detailed in Table 1). The environmental improvements sum
to approximately a half million dollars a year, if
extrapolated to the building stock in the College of Science.

Table 1. Potential Energy, Coal, and CO, Reductions
and Money Savings for Mueller Building

Energy Coa CO, Money
Savings Consumption Emission Savings
System (KW-hrs) Reduction Reduction %
(tons) (tons)

Lighting | 143,292 58.5 151 4,421
HVAC | 1,662,372 679 1,757 38,734
Computers 30,790 13 33 1,850
Printers 8,530 35 9 425
Elevators 3,627 15 3.8 85
Total | 1,848,611 755.5 1,953 | $45,515

Details of the calculations for this table can be found in the
energy and communication sections of this study.

In addition to energy savings, this study details
how Mueller building could enhance the working
environment of its occupants while it:

- Reduces water use by 100,000 gallons/year
Reduces paper consumption by two thirds and paper
expenditure by $3,000/year
Reduces computer waste, energy use, and expenditures
by $173/computer while allowing occupants the
mobility and performance of state-of-the-art laptops
Dramatically reduce waste associated with he disposal
of transparencies, diskettes, carpeting, furniture, and
printer cartridges.

The bottom line is that smart design improvements
will save money while contributing to environmental
stewardship. The broader message of this study is that
Mueller Building suffers from an aggregate of systemic
design failures, poor engineering, and inefficient
technologies that waste energy and squander money.

Yes, this study has quantified methods to curtail
Mueller’s waste but more importantly it has demonstrated
the need for the College of Science and Penn State
University as awhole, to vow that that such "environmental
embarrassments’ (and there are many "Muellers’ on
campus) never be built again. For the College of Science
this means doing everything possible to ensure that the new
Life Sciences Building requires, at a maximum, only one-
fifth the energy per square foot of Mueller. Thisis both a
reasonable and responsible goal .




|. Introduction

A Challenge for the 21st Century

Future historians wishing to summarize the
environmental history of the 20" Century will almost surely
use the graph (below) showing exponentia growth of
population, consumption, and waste on planet Earth.
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It was not only human population that increased

exponentially during the 20" Century, but also consumption
of food, cars, jet plane fuel, washing machines, computers,
VCRs, land mines, Barbie dolls-you name it. In addition,
waste generation became so great in the 20th Century that
human civilization began to significantly change the
character of the very atmosphere enveloping Earth--the
ozone layer thinned over the poles, the rain turned acidic in
many regions, and the climate warmed (due primarily to the
exponential growth in fossil fuel combustion).

As we enter the 21st Century, many exponential
"growth" trends continue unabated.  Meanwhile, the
environmental consequences of continuing on this path are
increasingly  evident. In January, 2001, the UN
Intergovernmental Panel on Climate Change released a
1,000-page report assembled by 700 scientists (including
PSU faculty) which concluded that global temperatures
could rise by as much as 10.4 F over this century. Even their
most conservative estimate of a ~3-5 degree temperature
increase would lead to arise in global sea levels threatening
to flood many parts of Florida, Louisiana, Boston, and New
York City aswell aslow lying countries such as Bangladesh
and the Netherlands. “Climate change” is perhaps too
benign a characterization for what humanity now faces;
“climate destabilization” might be a more accurate
description.

Of course, none of this is inevitable but to avoid
the grim consequences of “climate destabilization” those of
us in the industrialized world will have to dramatically
reduce our "ecological footprint." As the institutions
harboring a virtual monopoly on environmental expertise,
universities have both an opportunity and responsibility to
act. Fortunately, universities are beginning to respond. For
example, more than 265 university presidents and
chancellors have signaled their commitment to sustainable

practices by signing the Talloires Declaration which readsin
part: "We, the presidents, rectors, and vice chancellors of
universities from al regions of the world, are deeply
concerned about the unprecedented scale and speed of
environmental pollution and degradation and the depletion
of natural resources. Pollution, toxic wastes, and depletion
of the ozone layer 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.” In signing this document universities
registered a willingness to:

* Engage in education, research, policy formation,
and information exchange on population, environment, and
development to move toward a sustainable future.

* Establish programs to produce expertise in
environmental management, sustainable  economic
development, population, and related fields to ensure that all
university graduates are environmentally literate and
responsible citizens.

* Set an example of environmental responsibility by
establishing programs of resource conservation, recycling,
and waste reduction at the universities (Text from Talloires
Declaration).

The purpose of this ecological report isto illustrate,
step-by-step, how Penn State's footprint could be
significantly reduced. Our unit of study is one building,
Mueller Lab, home of Penn State’s Biology Department.
Buildings are the locus of consumption; it is here that we
use and eventually dispose of computers, paper, equipment,
furniture, energy, and so on. Insofar as the consumption
patternsin Mueller Lab are typical of Penn State as awhole,
as well as most other universities, (and we believe that they
are) the solutions proposed herein should have broad
relevance.

The Footprint Concept

We have found it useful to express the
environmental impact of Mueller using the "ecological
footprint” concept developed by Wackernagel and Rees
(1994).) A building's aggregate ecological footprint is a
measure of the productive land area needed to sustainably
support al the material input and disposal needs of that
building. Everything that the building consumes (energy,
paper, cleaning agents, etc.) has a footprint that can be
expressed in terms of land area.

Here is an example: In the year 1999,
approximately 2,872,000 kWh of electricity were consumed
in Mueller Lab. Coa (approximately 1,175 tons) was
burned to produce this electricity. This coal--highly
compacted plant biomass-is the result of past
photosynthesis. If Mueller relied not on fossil biomass--an
ephemeral resource--but, instead, on renewable biomass
(i.e., present-day photosynthesis), the building would
require an “energy plantation” the size of the entire main
campus (~500 acres) to supply just its electricity needs.



Wackernagel and Rees found that each American
citizen would need approximately 25 acres of land in
production year in and year out to sustainably supply all
his/her needs (i.e., food, fiber, energy, raw materials, etc.).
If everyone on Earth lived as we do, three Earth's would be
required to support the planet's current population of six
billion people. The challenge, clearly, is to dramatically
reduce our footprint.

Project History

This project began as a question posed to a Penn
State Ph.D. candidate during a comprehensive exam.
Professor C. Uhl asked: "In what ways is this university
(Penn State) like an ecosystem?' Uhl had some embryonic
ideas of his own on this topic and asked the question in
hopes of having his own thinking further stimulated. The
exchange that day was fruitful.

A few years later (Fall, 2000) Uhl posed a related
guestion to his Biology 450 class--namely: "In what waysis
Mueller Building like an ecosystem?' After some initial
hesitation, students began to respond. One mentioned that
everything in Mueller had its origins in the natural world.
Another observed that energy and materials were constantly
coming into Mueller and this was also true for natural
ecosystems. Uhl asked about “outputs’ and a student
observed that Mueller appears to have a large waste stream
whereas in natural ecosystems “waste” is essentially non-
existent.

As the discussion developed, Uhl introduced the
concept of "ecological footprinting” and asked the class to
consider the possibility of reducing the environmental
impact of Mueller Building by half. Slowly a class project
began to take shape. Each student took one “input”
category (e.g., paper, cleaning products, carpeting, etc.) and
determined: i) Mueller's annual consumption of that input;
ii) the environmental impacts of that consumption; iii) low-
impact alternatives; and iv) footprint reductions if
alternatives were adopted.

Although these Bio 450 students had only five
weeks to work on this project, they did a remarkable job of
“blocking out” the problem, gathering data, and presenting
preliminary results. Overall, their findings suggested that it
might be possible to reduce Mueller's footprint, but much
data collection and analysis still lay ahead.

During January-May 2001, Austin Mandryk,
Dennis Matalavage, Christie Vischer, Loren Byrne, Sara
Eisenfeld, and Joshua Pearce took up the work initiated by
the Bio 450 class and, under C. Uhl’ s guidance, developed it
into this report. Mandryk played a pivotal role in the data
collection phase while Pearce took the lead in the synthesis
phase of the work.

Reducing Mueller's Ecological Footprint
Materials are constantly moving into Mueller
Building. All these materials -- paper, computers, toners,
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coal (viaelectricity), carpeting, etc. -- originate in the natural
world and, in one form or another, return to the natural world
(Figure 1). Both choice of materias and the manner in
which materials are used affect building “footprint” size.
Here we consider concrete ways of reducing Mueller's
ecological footprint in the realms of: i) energy use, ii)
communications and computing, iii) furnishings and
renovation, iv) maintenance, and v) food.

Figure 1. Inputs to and outputs from the Mueller
Building.

Inputs Outputs
Energy Energy
Steam Waste heat,
Electricity CO,,SO(,NO;
Solar Ash, Sludge,
Bodv heat Particul ates
Comm. Comm.
Paper Education,
Overheads Peer
Computers Reviewed
Printers Science
Toner Solid waste
Diskettes

Renovations

Renovations
Used

Furniture Furniture,
Carpeting Solid waste
Paints

Maintenance

Maintenance Liquid Waste,
Cleaners Toxic Waste,
Pest Control Organic
Landscaping Waste

Food Food

Coffee Liquid Waste,
Cookies Solid Waste
Pizza




Who is the Audience for this Report?

The messages of this report have great relevance for
people who care about buildings -- students, building
designers, operations and purchasing personnel, and decision
makers. Here is what you can expect to learn from this
report:

i. Students: The buildings we inhabit have lessons to
teach. Penn State undergraduates did theinitial work for this
Report. These students learned how to gauge the ecological
impact of abuilding. The report offers atemplate for how to
reduce the ecological footprint of university buildings and
by extension schools, churches, offices and private homes.

ii. Purchasing Department Personnel: This report
tells exactly where to go (i.e., phone numbers/websites) to
purchase products (e.g., paper, computers, toners, paints,
cleaners, furniture, carpets, food) that minimize the
environmental impacts of offices and buildings.

iii. Building Designers: This report emphasizes that
much of the building stock on university campuses and
throughout the country is poorly designed. This results in
much unnecessary waste. The report makesit clear that it is
now possible to construct cost-competitive buildings that are
at least five-times more efficient than Mueller.

iv. Physical Plant Personnel: University physical
plant personnel will nod knowingly as they read this report
(especially the energy section). These professionals know
that our buildings are tremendously inefficient. Given the
mandate and the funds, physical plant personnel are ready to
transform existing buildings from energy guzzlers to energy
misers.

v. University Decision Makers:  University
administrators are charged with carefully watching the
"bottom line". This means eliminating waste and
seeking greater efficiency whenever possible. Thisreport is
a tale of waste--wasted money, wasted energy, and wasted
opportunity. At the same time, the report offers a blueprint
for ensuring that there will be no more "Muellers’ in Penn
State's future.

1. Wackernagel, M. and W. Rees. 1994. Our Ecological
Footprint. New Society Publishers.
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I1. Reducing the Ecological Footprint of Mueller Building

A. Reducing Mueller's Energy Footprint

1. Energy--An Ecological Profile

The past hundred years has been characterized by
growing fossil fuel dependency worldwide. At Penn State,
the expansion of building space, the increased use of
electronic devices, and a growing university population have
led to a significant increase in the use of fossil fuels over the
last three decades.

At present rates of consumption, global supplies of
fossil fuel energy will be exhausted, for al practical
purposes, within the next few centuries (much sooner for
some sources, like petroleum). However, before dwindling
supplies limit our use of fossil fuels, the negative health and
environmental impacts of our current unsustainable patterns
of energy use may provoke a reduction in our use of fossil
fuels. The adverse effects of fossil fuel combustion such as
air pollution, acid precipitation, and global warming are
avoidable. As a research ingtitution, especially one with
strong colleges of Engineering, Earth and Mineral Science,
and Science, Penn State has an opportunity to be a leader in
the design and implementation of highly efficient and
environmentally benign energy systems.

2. The Mueller Connection — Overview
Mueller Laboratory is an academic center for the
teaching and research of biology. The Mueller building uses
energy in the form of steam (for heating) produced on
campus and electricity purchased from Allegheny Power.
Virtually al of the energy consumed at Mueller is derived
from fossil fuels, principally coal. Electricity, whether for
lighting, computers, research equipment, chilling units,
autoclaves, air conditioning, ventilation fans, centrifuges, or
incubators, is a necessity for Mueller's daily operations.
However, there are many strategies that can be utilized to
reduce the electricity consumption of Mueller Laboratory
while improving the work environment of its occupants.
Mueller's annual electrical consumption has risen
substantially over the last decade (Figure 1). The total
amount of electricity used in 1999 was more than twice that
used in 1990 (2,872,210 kWh vs. 1,393,840 kWh).! Thus,
on average, a Mueller resident? consumed 23,350 kWh of
electricity in 1999. To provide this energy for each resident,
9.6 tons of coal were burned, emitting nearly 25 tons of CO,
(a greenhouse gas), 134 pounds of SO, (main cause of acid
rain), and 136 pounds of NO, (major cause of smog). In the
process, approximately 14,688 gallons of water were used.?
Although it is difficult to determine exactly why such alarge
increase in demand has occurred, suspected factors include:
1) atotal air-conditioning (AC) retrofit completed during the
years 1993-1995; and 2) the purchase of energy demanding
research equipment.* The possibility that climatic
conditions contributed to the dramatic rise in electricity use
was ruled out by the lack of correlation between energy

consumption and average temperatures during the months
commonly associated with AC use.”

Figure 2 illustrates the breakdown of Mueller's
electricity use. The heating, ventilation, and air conditioning
system (HVAC) is the primary consumer of electricity at an
estimated 64% (1,838,214 kWh)*, followed by the lighting
system (10%). The amount of electricity drawn by the 15
walk-in coolers inside the building comprises approximately
3% of tota energy usage® Plug in devices (including
research equipment) use roughly 20% of Mueller's
electricity, with computers and printers accounting for
another 3% of Mueller's total electrical demand. The two
elevators found in Mueller consume less than 1% of the
building’s electricity.

Figure 1. Electricity Consumption in
Mueller Building (1990-1999).
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Figure 2. Estimated Breakdown of Mueller
Electricity Consumption.
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Reducing Mueller’s energy consumption by half
may seem like a daunting task but we will show how this
could be accomplished.

3. Mueller Lighting — A Case Study

Artificial lighting often constitutes a significant
portion of a building’ stotal energy usage. In fact, the United
States currently spends more than $37 billion annually, or
approximately 25% of the nation’s total electricity budget,
on lighting. Retrofitting of antiquated lighting with highly
efficient lighting devices and fixtures can help cut lighting
costs 30% to 60%, while simultaneously enhancing lighting
quality and reducing environmental impacts. ’

The Mueller Lighting Connection

The lighting system within Mueller consists of 701
T-12 fixtures,?® 197 T-8 fixtures, 22 compact fluorescent, and
19 incandescent fixtures. These lights consume
approximately 290,887 kWh of electricity per year,” or
approximately 10% of the building's total energy input
(based on 1999 total energy consumption data)." Annually,
the electricity needed for the lighting system in Mueller
requires the combustion of 119 tons of coa which, in turn,
results in the release of over 308 tons of CO, (a greenhouse
gas) into the atmosphere.® Per each building resident, this
amounts to ~1 ton of coal and 2.5 tons of CO, gas.

The Mueller Lighting Solution

A 50% decrease in the energy consumed by
Mueller's lighting system can be achieved without
compromising the research, teaching, or administrative
activities of building residents. To achieve such a reduction
in lighting-related electricity use, the following steps would
need to be taken: 1) use artificial lighting only when
necessary, which can be accomplished through either:
Option A, increased mindfulness of persona habits
pertaining to light use, or Option B, the use of occupancy
sensors; and, 2) upgrade existing light fixtures with more
energy-efficient models.

Step 1: Avoid using lights unnecessarily.

All roomsin Mueller were sampled at four different
times of the day (morning, noon, afternoon, and evening)
over the course of aweek to determine room occupancy and
levels of illumination. These surveys revealed that lights
were on in unoccupied offices and |abs approximately 14%
of the time and in unoccupied bathrooms 60% of the time
(Table 1).

Option A: If a strategy of manually turning-off
lights in unoccupied rooms s followed by Mueller residents,
~$819,'° 35,153 kWh of electricity™, ~14 tons of coal, and
greater than 37 tons of CO, emissions could be saved per
year®. The habit of turning off lights when leaving a room,
even if only for a short time, can have additive effects saving
significant amounts of energy over time. Any decrease in
energy consumption prevents the combustion of fossil fuels
and extends the longevity of fixturesand bulbs, resulting in a
decrease in both the number of bulbs and fixtures that need
to be produced as well as light fixture waste sent to landfills.

7

Option B: The installation of occupancy sensors
could also decrease levels of unneeded lighting (note: a zero
level is virtually impossible for practical reasons due to
delays in the amount of time the lights stay on after no
motion is detected (adjustable within each individual
sensor)). Based on information provided by the Office of the
Physical Plant (OPP), ceiling-mounted |InfraRed/UltraSonic
sensors placed in all the bathroomsin Mueller at atotal cost
of $1,240 would pay for themselves in approximately 19
years (based on 60% unoccupied rate and associated
2,692kWh per year savings).”? As with Option A, Option B
(installation of sensors) in Mueller bathrooms would prevent
the combustion of ~1 ton of coal per year, and reduce CO,
emissions by ~3 tons’. Though the concept of sensors may
be attractive, the environment can be negatively impacted by
the manufacture, installation, and disposal associated with
these devices. It is apparent in Table 1 that the savings from
personal habits are both larger and pay for themselves faster
than technical fixes.

Summary

It is clear from Table 1, that either behavioral
change - Option A) or technical innovations - Option B
would have a significant effect on Mueller’s energy use. If
Option A or B where implemented in bathrooms as well as
in offices and labs, electricity consumption used for
illumination could be reduced by approximately 35,000 kWh
or ~12% and save approximately $800/year.

Table 1. Savings and Payback Associated with
Eliminating Unnecessary Illumination in Mueller
Bathrooms, Offices and Laboratories™
Only Use
Building Status When Occupancy
Area Quo Needed Sensors
(Option A) (Option B)
Bathrooms:
Unnecessary | 60% 0% 5%
[llumination
Pg;i?rt:gls 0 $66/year $63/year
Payback NA I nstantaneous 19 years
Offices/Labs:
Unnecessary | 14% 0% 5%
[llumination
FLent ;'S 0 | $7s3year | $715iear
Payback NA Instantaneous | 20-40 years*
Potential Savings for
Bathrooms and Labs $819/year $778
* Payback varies depending on the number of fixtures per
occupancy sensor.™ Calculations assume that the lights
are currently turned off at night, when thisis not the case,
the payback period decreases significantly.




Step 2: Upgrade existing light fixtures with more
efficient models.

Initiative I: Replace all incandescent bulbs with
compact fluorescent bulbs. The incandescent light bulbs
invented by Thomas Edison are now completely antiquated
— the mgjority of electrical energy that they use is lost as
waste heat (which results in additional draw on AC
systems). A much more efficient illumination device is the
compact fluorescent light (CFL) bulb, which uses ¥ of the
energy of a standard incandescent while providing an equal
amount of illumination. Please note: the quality of
illumination is also comparable when ‘ soft white’ CFL bulbs
are utilized. Mueller building contains 19 incandescent light
bulbs, which could be replaced with CFLs. This retrofit
would save 5,130 kW-hrs of electricity every year,™® enough
to prevent 5.4 tons of CO, from entering the atmosphere.®
These upgrades would save electricity, as well as decrease
electrical demand.’® In addition to energy savings, using
CFL bulbs will prevent the land-filling of 84 incandescent
bulbs every year, because CFL bulbs last 13.3 times longer
than incandescent bulbs.

There is a tendency to avoid CFL bulbs because of
the greater initial purchase price, $9.74 compared to $0.24
for an incandescent bulb. Even though the CFL lasts longer
than the incandescent, it is still more expensive than 13
standard bulbs needed for 10,000 hours of illumination.
However, once energy savings are taken into account the
CFLs are significantly more economical. The retrofit of
CFLsin Mueller will save $752 and theinitial investment of
$185 will be recouped in 0.68 years, with the next 2.1 years
representing free money (Table 2). Please note this is a
conservative estimate because the cost of labor to
continually change the incandescent light bulbs was not
taken into account.

Table 2: Results of Replacing Incandescent
Bulbs with Compact Fluorescent Light Bulbs®®
Retrofit savings (kwWh/yr) 5,130
Cost of retrofit $185
Savings ($/ year) of retrofit $271
Estimated payback time (years) 0.68

Initiative 11: Mueller's T-12 fluorescent lighting
fixtures could be retrofitted with T-8 fixtures with no
compromise in light quality. On average, a 2-bulb T-12
fixture with a magnetic ballast draws 82W of power, while a
2-bulb T-8 fixture with electronic ballast requires only 60W
of power.”* The retrofit cost is $39.79 per 2-bulb fixture,
including labor and disposal.™® To retrofit 3-bulb and 1-bulb
fixtures the costs are $50.77 and $33.97, respectively.
Electronic ballasts are superior to magnetic ballasts because
they: eliminate flickering and noise, are more energy-
efficient, and reduce fixture temperatures and the rate of
ballast failures. '°

The economic and environmental benefits of
retrofitting old T-12 fixtures with T-8 fixtures within the
Mueller Building would be considerable (Table 3). If all T-
12 fixtures in the building were replaced with T-8 fixtures a
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Table 3. Results of Replacing T-12 with T-8 Light
Fixtures in Mueller Building.
Hallways | Remainder Total
Stairwells | Building
Current 100% 76% 78%
%T-12 fixtures™
Retrofit Savings 14,840 49,421 64,261
kWh/yr*
Retrofit Savings $500 $2,400 $2,900
$/yr 20
Cost of Retrofit"” |  $3,064 $24,829 | $27,892
Estimated 6.1 10.35 9.6
Payback Time years years years

savings of over $2,900 would be realized per year. These
retrofits would pay for themselvesin 6 years in the hallways
and 9.6 years if the entire building were retrofitted.”’

T-8 Fixtures, however, are not the state-of-the-art.
Mueller's T-8 fixtures could be retrofitted with
direct/indirect T-5 fixtures with an increase in illumination
quality. Direct/indirect fixtures use 70% up-light and 30%
down-light in order to provide uniform illumination in the
work plane and reduce glare on computer monitors and
shadowing.? A well-designed lighting system using T-5
fixtures uses fewer fixtures per areathan adirect T-8 system.
A system design using 15 T-5 fixtures replacing 20 T-8
fixtures would reduce the W/ft® from 3.36 to 1.97 (or
41%).#* However, replacing T-8 with T-5 lighting systems
would not be asimple 1 to 1 retrofit and thus would require
redesign of a rooms lighting layout and for optimization
involve the expense of highly reflective ceiling tiles.

Initiative 111: Many rooms in Mueller are flooded
with sunlight at various times of the day, depending on the
season. Thus, substantial savings on lighting electricity
usage can also be realized in Mueller through half-lighting.
Fractional lighting allows occupants to control the amount of
light in anindividual room by manipulating light-switches to
obtain desired illumination levels. With this option, a 2-bulb
lighting fixture can illuminate either 1 or 2 bulbs, or a 3-bulb
fixture can utilize 1, 2, or 3 bulbsfor light. Half-lighting can
reduce electrical consumption by up to 50%, depending on
the situation.” If used in Mueller 50% of the time, half-
lighting would save 56,831 kW-hrs of electricity annually
(2% of 1999 total electricity usage and $1,324/yr)* and
would result in an overall reduction in light-related
electricity use of approximately 20%. Some rooms in
Mueller aready have Y2 lighting mstalled and it is of course
important that occupants use this function in order to reap
energy savings. Occupant exertion could be eliminated with
daylight controls that detect natural illumination levels and
adjust artificial lighting appropriately at greater expense.




Lighting Summary

If behavioral changes and technical upgrades were
adopted in Mueller, lighting-related electricity consumption
could be reduced by over 140,000 kWh per year (i.e. a 50%
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reduction as seen in Table 4 ?). This transates to a yearly
savings of over $4,421 and prevents the combustion of 59
tons of coal, in turn, preventing the release of approximately
151 tons of CO, into the Earth’s atmosphere.

Table 4. Economic and Environmental Benefits of Improvements to the Mueller Lighting System?

Behavioral Changes Only
A. B C. Total Behavioral
Savings Lights off Lights off % lighting changes:
restrooms only | lab/offices only only A+B + C(1-0.14%)
Energy Saved (KW-hrs per year) 2,834 32,319 56,831 84,028 KW-hrslyr
Pounds of coal saved per year® 2,316 26,409 46,439 68,663
Zvogiré%zogerc ;)éa??s emissons 5,992 68,332 120,160 177,659
Dollars saved per year 66 753 1324 $1,958
Technical Upgrades Only
) Motion Motion T-8 T-8 "
Savings CFL Sensors Sensors Retrofit Retrofit Lighting
only Restroom Lab/Office Hallways | remainder only
only only only only
Energy Saved kW-hrslyear 5,130 2,692 30,703 14,840 49,421 56,831
Pounds of coal per year® 4,192 2,199 25,089 12,126 40,389 46,439
Pounds of CO, gas per year® | 10,846 5,621 64,915 13,376 104,490 120,157
Dollars saved per year 271 63 715 500 2,400 1,324
Total Savings from Behavioral and Technical improvements to lighting system:
143,292 KW-hrs/year or $4,421 lyear

4. Mueller’s HVAC System

The Mueller HVAC system consumes about two-
thirds of the building’s energy. Mueller's HVAC system
contains many different components including: air
conditioning fan coil units (120 total in building),
compressors and condensers, multiple exhaust fans, chilled
water pumps, heat exchangers, and hot water pumps.®* Al
of these devices require the use of electricity in order to
operate. In addition, Mueller's heat is derived from steam
generated primarily through the burning of coal.®® The steam
is piped underneath the campus and into the ground floor of
Mueller where it is converted to hot water through heat
exchangers and then distributed to the rest of the building. In
1999, Mueller required 7,721,000 Ibs. of steam
(approximately 8,751 Mbtu®®) to fulfill its heating
requirement, trandating to the combustion of roughly 336
tons of bituminous coal .’

The electricity (1,838,214 kWh') used by Mueller's
HVAC system in 1999 required the combustion of 751 tons
of coal, resulting in the release of nearly 2,000 tons of CO,
gasinto the atmosphere.®

The Mueller HVAC Solution

Step 1. Energy Star Tune-up. Mueller should
undergo an Energy Star building “tune up”. Penn State has
joined the EPA Energy Star program. Buildings that undergo
tune-ups often achieve a 30% reduction in energy use. A
tune-up consists of installing or upgrading an “energy

management system”. This means, among other things,
evaluating and sizing of fan systems and upgrading them, if
necessary, with more efficient motors and variable speed
drives. Among other possible improvements the Energy Star
program may include: ventilation air heat recovery, lab hood
heat recovery, eliminate lighting above IES standards to
reduce cooling load, operable windows for cooling
feasibility, running fan coil units at lowest effective fan
speed, and chiller retrofits.

Finally, the Energy Start Tune-up will eliminate
simultaneous heating and cooling. Currently, the heating
and AC systems in some of the rooms in Mueller actually
work against one another because some of the air
conditioning and baseboard heaters are run from two
separate controllers. These controls were not integrated and
existing piping systems were not modified during past
renovations of the building.

The overall goal is to reduce the building heating
and cooling load enabling a shift to smaller, less expensive
replacement HVAC system components. If the Energy Star
program is able to reach its 30% goal for Mueller, 551,464
kW-hrg/ year in eectricity alone would be saved.®

Step 2. Temperature Adjustments. Raising air
conditioning settings by one degree Fahrenheit can cut
roughly 5% off cooling energy use”® Similarly, during
winter athermostat lowered 1 degree Fahrenheit will reduce
normal heating energy use by approximately 3%.%

Temperature surveys taken in Mueller during
March 2001, showed the average daytime and nighttime



temperatures of the building to be 71.2 and 70.7 degrees
Fahrenheit, respectively.®® From these data it appears that
nighttime temperature set backs are not being utilized.®
Table 5a and 5b show the benefits of lowering (during
winter) or increasing (during summer) the nighttime
temperatures in Mueller.®* It can be noted that even amodest
one-degree decrease in temperature during the winter can
produce significant benefits. A larger setback (4 degrees)
could save over 55,148 kWh of electricity,® 22.5 tons of
coal, 58 tons of CO, gas emissions,® and $1,200 over the
course of a year'™® (as seen in Table 5a). On the other hand,
even larger savings are possible during the summer by
reducing AC loads (as seen in Table 5b). A one degree
increase in temperature can save $535 and 22,977 kW-hrs of
electricity a year while a 4 degree shift can save over
$2,000/yr. If Mueller optimized its temperature settings to
follow the maximum/minimum OPP recommended
standards (78 degrees during the cooling season and 72
degrees during the heating season) sizeable economic and
environmental benefits would incur. These benefits could
also be multiplied substantially by utilizing nighttime
temperature setbacks or increases depending on the season.
If Mueller occupants dressed appropriately for the seasons —
the temperature settings would be comfortable year round
while making enormous savingsin energy.

Table 5a.
Benefits of Temperature Setbacks during Winter.

With One .

Savings Per Year Degree With Four Degree

Change

Change

Electricity (kWh)® 13,787 55,148

Tons of coal’® 5.6 225

Tons of CO, gas® 14.6 58.3

Dollars™® $321 $1,284
Table 5b.

Benefits of Temperature Increases during Summer.

With One .

Savings Per Year Degree With Four Degree

Change

Change

Electricity (kWh)> 22,977 91,908

Tons of coal’® 9.4 37.6

Tons of CO, gas® 24 97

Dollars™* $535 $2,140

Step 3. Ceiling Fans. Ceiling fans could be
environmentally friendly alternatives, or supplements, to
Mueller’ s air-conditioning system. Properly installed ceiling
fans (those placed no more than 8 to 9 feet above the floor)
can save up to 40% of summer cooling costs by creating a
wind chill effect within a room. Because evaporative
cooling is enhanced when a ceiling fan is in operation; a
room with an ambient temperature of 75 degrees F will feel
like 71 degrees F. This, in turn, will save air-conditioning
costs by allowing thermostats to be raised.®
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Celling fans are more efficient than air-
conditioning systems. On average, a ceiling fan run on high
speed will consume less than 100W of eectricity. If only
used during the 12 hours of occupancy they would draw
64,625kW-hrs/yr to reduce temperatures by 4 degrees and
reducing the AC electrical load by 91,908 kW-hrs.*® Ceiling
fans would thus save 27,283 kW-hrglyr if used as a
supplement to the current AC system and save $636/yr in
Mueller's electrical rate. However, the added electrical
demand would cost $2,728. It is therefore inadvisable to add
ceiling fans to Mueller building on economic grounds alone
unless Mueller residents were willing to do without all AC.

If they were and 300 ceiling fans were installed in
Mueller and operated constantly on high speed for 6 months
during the * cooling seasons’, they would only draw 129,600
kWh of eectricity.®* In comparison, the air-conditioning
system of Mueller consumed an estimated 1,148,884 kWh of
electricity in 1999.% Therefore, if Mueler was cooled
entirely by ceiling fans over 1,019,000 kWh of electricity (or
$23,757)* could be saved per year, equaling approximately
35% of Mueller's total 1999 electricity use®® At first,
completely replacing Mueller’s air conditioning with ceiling
fans appears unviable. However, two points should be made:
i) 15 years ago Mueller occupants functioned well without
AC, and ii) AC isreally only necessary 20-30 days ayear, in
which case desk fans could be supplemented for AC.

An added benefit of celling fans with operable
windows might be increased air-quality because greater
amounts of fresh air would be allowed to enter the building.
Additionally, ceiling fans can be used during winter to
decrease heating costs by up to 10%. By reversing the
rotation of fan blades so they operate in a clockwise
direction warm air will be pushed-up against the ceiling and
down the walls, effectively circulating warm air without
creating awind chill effect®’. In new buildingsit is advisable
to add ceiling fans in the beginning so that AC units can be
down-sized. In this way the new building would realize
demand savings rather than demand costs.

The combination of these three steps (namely:
Energy Star Tune-up, temperature adjustments, and ceiling
fans) could halve Mueller sHVAC use.

5. Mueller Elevators

Although the electric motors powering the two
elevators in Mueller building are relatively large (10hp),
they represent only a small portion of Mueller's total
electrical usage because they are only in use intermittently.
Nevertheless, the operation of the two elevators consumes
~3,600 kWh per year*. This largely represents an
unnecessary waste of energy (and another 3.8 tons of CO, in
the atmosphere and 1.5 tons of coal) because the majority of
the elevator use is due to non-physically handicapped
individuals.

The elevator is a relatively inefficient device. A
single trip to the 6™ floor of Mueller building on the elevator
requires 0.093 kWh or 80 Calories (the number of Calories
in a medium apple). For a single trip the elevator generates
49 liters of CO, and consumes 35 grams of coal. On the
other hand, your body could get itself to the 6" floor using



only 5 Calories™
than the €levator.

—afactor of sixteen times less energy used

The Mueller Elevator Solution

By avoiding elevators and using stairs Mueller
residents can conserve energy while improving their own
health. When walking up stairs, both the most important of
the 22 muscles connected to the pelvic girdle (gluteus
maximus and the anterior of the leg (quadriceps) are
sequentially flexed and relaxed.*? This results in increased
cardiovascular activity. Benefits of increased cardiovascular
fitness include®:

Lower risk of heart disease

Lower risk of cancer

Lower incidence of depression

Greater capacity for physical activity (endurance)

Lower blood pressure

Beneficial changesin blood lipids (specifically a

lowering of triglycerides and an increase in HDL

cholesterol ("good" cholesterol)

Enhanced circulation and cardiac output

Enhanced utilization of body fat stores for energy

needs

Enhanced digestion and bowel regularity
By avoiding elevators and using stairs Mueller residents can
conserve energy while improving their own health.

The experience of climbing stairs could be further
enhanced through art installations commissioned from Penn
State students. Conversely, the elevators would continue to
receive no amenities

6. Other Energy Reduction Opportunities

Whenever an energy-consuming device is misused
or left on while not in use, or an inefficient or poorly
engineered device is used, energy and money are being
wasted and unnecessary pollution is created. If Mueller
residents made an effort to be mindful in their energy use
and to adopt the most efficient technologies available, they
could easily cut the energy use of Mueller Building by more
than 50%. Although technical improvements can greatly
enhance the energy efficiency of Mueller building, optimum
performance can only be realized with the cooperation of
Mueller’s occupants.

7. Ecological Footprint Reduction

Whether in the past or during the present, the
importance of energy to Mueller Building should not be
understated. Almost forty years ago (1963), massive
amounts of energy were needed to create and transport the
materials used during the construction of Mueller.
Additionally, human energy was expended to accomplish
such tasks as laying bricks. In 2000 Mueller broke the 3
million kWh mark and in 2001-02, immense quantities of
energy continue to be used within the confines of Mueller.
Computers, elevators, lights, air conditioners, heating, and
many different types of research equipment all contribute to
the electricity budget of the Mueller Building.
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This section has shown how the amount of electricity
used by the HVAC, lighting, and other Mueller systems
could be significantly reduced. Simple, “common sense”
upgrades or behavioral changes can conserve substantial
amounts of electricity as well as prevent fossil fuels
combustion. Overall, the suggestions presented in this
section (and the potential energy savings from computer and
printer use in Section 11C) could prevent 1,954 tons of CO,
emissions every year.* This represents a reduction of 64%
from current emissions of over 3,000 tons of CO,. In
addition Mueller building’'s ecological footprint could be
reduced by 164 acres.*®“°

8. Model Energy Policy for Mueller
Mueller Laboratory, through its commitment to
environmental  stewardship, seeks to reduce the
environmental impacts of its energy use. In order to
accompllshthls goal, the following steps will be taken:
Artificial lighting will only be used when
necessary. This can be accomplished either through
individual actions or the installation of occupancy
SENsors.
All incandescent light bulbs will be replaced with
compact fluorescent bulbs.
All T-12 fixtures will be replaced with more
energy-efficient T-8 and in cases where it is
warranted T-8 or T-12 fixtures will be replaced
with T-5 fixtures.
% lighting controls will be installed for all fixtures
and may be further enhanced with daylight
controls.
Mueller will undergo an Energy Star tune-up.
HVAC system will be programmed to decrease
temperatures during the night in the winter and to
raise them at night during the summer.
Thermostats  will be manually adjusted to
environmentally friendly levels (78 in the cooling
season and 72 in the heating season).
Ceiling fans will be installed and used in place of
the current AC systems to the extent possible.
Mueller residents will utilize the stairs as much as
possible.
Unnecessary lighting and other heat generation
equipment, including computers, will be turned off
when not in use.
Computer upgrades will be followed according to
section 1B of this document.

9. Energy Conclusion

Of course, the electricity conserved through upgrades
and retrofits will cost money to accomplish. All too often
this is the primary reason improvements are not made to
buildings. However, it should not be overlooked that the
improvements will pay for themselves by reducing the
amounts that are spent on purchasing electrical power. In
fact, the total energy savings that can be realized in
Mueller through both behavioral and physical changes
is over $45,000 per year.



There has been a tendency at Penn State in the past
to greet this kind of revelation with a sense of resignation
(e.g., "We are stuck with an antiquated steam system and
old leaky buildings."), but in this time of climate
destabilization this response is no longer acceptable.
Underlining the need for Penn State to take action 40 Penn
State Professors that research the causes and effects of
global climate change (including seven from Biology)
recently signed the following statement:

"We are Penn State scientists who are familiar with the
causes and effects of climatic change as summarized
recently (January, 2001), by the United Nations
Intergovernmental Panel on Climate Change. We endorse
this report and observe that the further accumulation of
greenhouse gases commits the Earth irreversibly to further
global climatic change and consequent ecological,
economic and social disruption. The risks associated with
such changes justify preventive action through reductions
in emissions of greenhouse gases. Our familiarity with the
scale, severity, and costs to human welfare of the
disruptions that the climatic changes threaten leads us to
introduce this note of urgency and to call for Penn State to
take a leadership role in early actions to reduce its
greenhouse gas emissions via the most cost-effective
means."

The energy solutions presented in this section offer a
concrete plan for greenhouse gas reduction whileincreasing
the quality of the Mueller environment. These actions are
not just for Mueller. They could be adopted throughout
Penn State and in the Commonwealth, as awhole.

1. FASER Report, University Park, PA, Mueller Building
Electricity Usage, 2000.

2. 123 persons, including: faculty, instructors, staff, and
graduate students based on the 2000/2001 Dept. of
Biology Directory.

3. Union of Concerned Scientists, “How Coal Works’,
http://www.ucsusa.org/energy/brief.coal .html

Calculations based on 500MW coal plant producing 3.5

billion kWh/year.
number of KW-hr/year 1
tons pounds

coal burned 4.09E-04 | 8.17E-1
carbon dioxide 1.06E-03 | 2.11E+00Q
sulfur dioxide 2.86E-06 | 5.71E-03
nitrogen oxide 2.91E-06 | 5.83E-03
particulates 1.43E-07 | 2.86E-04
hydrocarbons 6.29E-08 | 1.26E-04
carbon monoxide 2.06E-07 | 4.11E-04
ash 3.57E-05 | 7.14E-02
sludge (from scrubber) 5.51E-05 | 1.10E-01
pounds of arsenic X 6.43E-08
pounds of lead X 3.26E-08
pounds of cadmium and

other heavy metals X 1.14E-09
gallons of water 6.29E-01 | X

Other useful conversions:
1BTU = 0.000293 kW-hrs, 1kW-hr = 3112.142 BTU
1 kW-hr = 859845 cal, 1 cal= 1.163E-6 kW-hrs
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1 cal =0.003968 BTU, 1BTU = 251.9958 cdl
1000cal = 1kcal or 1Cal (the Calories used on food
labels)

4. R. Kessinger, Personal Communication (University
Park, PA, February, 2001).

5. Annua avg. temperatures for Pittsburgh, PA
http://www.nws.noaa.gov/er/pit/histemp.htm

6. The cold rooms contain R-12 refrigerants, which are
harmful to the Earth’s ozone layer. The coldrooms
consume approximately 86,000 kWh of electricity each
year, requiring the consumption of 35 tons of coal.

7. U.S. Dept. of Energy, Energy Efficiency and Renewable
Energy Network (EREN): EREN Fact Sheets
http://www.eren.doe.gov/erec/factsheets/eelight.html

8. The number after the T indicates the total width in 8"
of aninch, so T-12 equals 1.5 inches.

9. Based on assumption that all lights, excluding hallways,
stairwells, and lobbies (which are illuminated 24 hrs/day
all year), are ‘on’ 12 hrg/day, 25 days/month, or 3600
hours annually.

Total energy use for lighting =T-12 lightsin Hallways

[77 fixtures x 82W/fixture x 8760hrs/yr x 1kW/1000W

= 5.5310E4 kW-hrglyr] +
T-12 lights in remainder [624 fixtures x 82W/fixture

x 3600 hrslyr x 1kW/1000W = 1.8420E 5kW-hrs/yr]+
T-8 lights[ 197 lights x 60W/fixture x 3600 hrs/yr x

1kW/1000W = 4.2552E4 KW-hrs/yr] +
CFL lights[22 fixtures x 25W/fixture x 3600 hrs/yr x

1kW/1000W = 1.980E3 kW-hrs/yr] +

incandescent lights [19 fixtures x 100W/fixture x 3600
hrs/yr x 1kW/1000W = 6.84E3 kW-hrglyr] =
2.90887E5 kW-hrslyear

Percent of Mueller total electrical usage = 2.90887E5

kW-hrslyear / 2872210 kW-hrslyr = 10%

10.Mr. Doug Donovan, Personal communication,
(University Park, PA, April 2001). Price for electricity
avoidance is $0.0233 per kWh saved; electrical demand
savings = $7.58 kVA (note: electrical demand savings
apply only when retrofits to more efficient devices are
completed).

11. Unoccupied room calculations:

Hallways must be illuminated 24 hrs/day.
Restrooms electrical savings from eliminating
unnecessary illumination:

8 rooms x 2 fixtures/ room x 3600 hrs/year x
82W/fixture x 1kW/1000W x 0.60 unoccupied =
2834kW-hrslyr

Monetary savings: 2834kW-hrs/yr x $0.0233/kW-hr =
$66

Lab/offices electrical savings:

The energy used by T-12 for lighting excluding
restrooms and hallways:

(624 fixtures - 16 in restrooms) x 82W/fixture x
1kW/1000W x 3600hrs/yr = 1.795E5 KW-hrs/yr

Thus the potential energy savings from lab and offices by
eliminating unnecessary illumination is:

(T-12[1.795E5] + T8 [4.255E4] + CFL [1.98E3] +
incan. [6.84E3]) x 0.14 = 32319 kW-hrslyear
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L ab/offices monetary savings. 32319 kW-hrslyear x
$0.0233/kW-hr = $753
Total energy conserved by eliminating unnecessary
illumination:
lab/offices32319] + restroom[2834]=35153kWhrs/ yr
Total monetary savings = restroom [66] + lab/office
[753] = $819/yr
Percent of Mueller total electrical usage for lighting =
35153 kW-hrg/ yr / 2.90887E5 kW-hrslyear = 12%
With occupancy sensor savings would be approximately
5% less:
Restrooms: 2834 x 0.95 = 26921kW-hr/yr
$66 x 0.95 = $63/yr
Lab/office:
32319 x 0.95 = 30,703 KW-hrs/yr
$753 x 0.95 = $715/yr
Total:
35153 x 0.95 = 33395 kW-hrglyr
$819 x 0.95 = $778/yr
12. Cost for materials and labor per ceiling-mounted
IR/UltraSonic occupancy sensor is $155.00.
Calculation for sensor payback time: $155.00 * 8
bathrooms = $1,240 total for sensors for Mueller
bathrooms. Payback time for sensor in restrooms:
Cost of sensor [1240]/ savings [66] = 19 years.
Payback time in labs and offices will depend on the
number of fixtures per sensor. For details see:
(http://energy.opp.psu.edu/engy/ECOS/Lighting/LtgAn
al2.htm).

13. Calculations of incandescent and CFL bulbs were based
on manufacture performance ratings and prices of bulbs
at State College Wal Mart: Incandescent - $0.24 per
bulb, lifetime=750 hours, 100W; CFL - $9.74 per bulb,
lifetime=10,000 hours, 25W.

CFL bulbswill last 2.78 yrs assuming they are used for
3600 hrglyr (10,000hrs/ 3600hrs/yr). A CFL bulb lasts
13.3 times as long as an incandescent bulb. Replacing
all the incandescent bulbs with CFL bulbsin Mueller
will result in a savings of bulbsto landfills of:
19 fixtures x 13.3 - 19 bulbs = 234 bulbs every 10,000
hours or 234/2.78 = 84 less bulbs/yr

Total Savings over 10,000 hours = cost of bulbs +
energy rate savings + energy demand savings:

Cost of bulbs: incandescent [19 fixtures x 13.3
changes x $0.24=$60.65

Savings for energy rate: 10,000hrs x 75W x
1kW/1000W x $0.0233 x 19 fixtures = $332

Savings for demand: 2.78yrs x 12 x $7.58 x 19
fixtures x 75 W x 1kW/1000W = $360

Total savings: $60 + $332 + $360 = $752

Total Savings per year: $752/2.78yrs =$271/yr

Electrical savings per year: ($360 + $332) / 2.78 yrs
= $249/yr or in kW-hrs: [19 fixtures x 75W x
1kW/1000W x 3600 hrs/yr] = 5,130kW-hrs/year

Payback: (retrofit cost [19 fixtures x $9.74/fixture=
$185]) / (rate [3600hrs x 75W x 1kW/1000W x 19 x
$0.0233/kWhr = $120] + demand [12 x $7.58 x 19 x

75W x 1kW/1000W = $130] + incan [19 x 5 changes/yr
x $0.24 = $23] = 0.68 yrs
Free money = 2.78 - 0.68 = 2.1 yrs

14. Ballasts control the electricity used by the lighting unit,
and are required for starting the lights and circuit
protection

15. PSU OPP Energy Webserver, Lighting Energy

Conservation Opportunities,
(http://energy.opp.psu.edu/engy/ECOS/Lighting/LtgAna
12.htm).

16. D. Donovan, Personal communication, (University Park
PA, Feb., 2001).

17. At present, Penn State requires a payback on investment
of less than five years before adopting energy saving
measures (D. Donovan, personal communication).

18. T-12 to T-8 retrofit calculations: 701 T-12 fixtures (77 in
hallways on 24hrs/day x 365 days/yr = 8,760 hrs/yr per
fixture and 624 in the rest of the building are on 12
hrs/day, 25 days/month, or 3600 hrs/yr per fixture.
Costs were determined from footnote 10. The fixtures
were assumed to have 2 bulbs.

19.77 Hall light fixtures x 22W x 8760 hrs/yr / 1000
kW/W=14,839kWh/yr; 624 Remaining light fixtures x
22 W x 3600hrs/yr / 1000 KW/W = 49,421kWh/yr

20. Hall: 77 x 22W/1000 x $7.58 x12 + 14,839%kWh x
$0.0233/kWh = $499.84 savings; Remaining = 624 x
22W/1000 x $7.58 x 12+ 49,421kWh/yr x $0.0233/kWh
= $2,400.21savings

21. Cacka, John, Direct/Indirect Laboratory Illumination,
An Analysis of Lighting Quality and Energy
Consumption.

22. To calculate the energy saved for ¥z lighting, lightsin the
hallways and restrooms were excluded leaving:
total [290,887] - hall [5.53E4] - restroom [ 14 x 2 x
3600 x kW/1000W x 82W = 8265] = 227,322kW-hrs/yr
227,322kW-hrslyr x savings during [0.5] = 1.1366E5
kW-hrslyr
Approximating ¥ lighting would be used 50% of the
time (more on south and East sides less on the north and
west sides of the building) the total savingsis:
1.1366E5 kW-hrs/yr x 0.5 = 5.6831E4 kW-hrs/yr
Savings: 5.6831E4 kW-hrslyr x $0.0233/kW-hr =
$1,324
Percent of total electricity: 56831/2872210 = 2%
Percent of electricity used for lighting: 56831/2.9E5 =
20%

23. To caculate total energy savings from lighting the
savings from each initiative cannot be simply added
together linearly. For the total calculation the behavior
savings were accounted for first and then the savings for
retrofitting were calculated for the decreased usage
(86% of CFL retrofit, 40% restroom T-8 retrofit, finally
for the T-8 retrofit in the labs/offices the values for the
restroom was subtracted from the total and multiplied
by 86% and 75% to account for both ¥ lighting and
unoccupied savings).

Total energy savings for lighting (units: kW-hrs):
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% lighting [56,831] + unoccupied restroom [2834] +
unoccupied lab/office [32319] + CFL [0.86 x 5,130=
4,412] + T8 restroom [0.4 x 22W/1000 x 3600hrs/yr x 8
x 2=507] + T-8 lab/office [0.86 x 0.75 x (49,421 - 507)
= 31550] + T8 hall [14,840] = 143,293 kW-hrs/yr

Percent savings: 143,293 kW-hrs/yr / 2.90887E5
kW-hrslyear = 0.4926 ~50%

Monetary savings (units: dollars):
¥ lighting [1,324] + unoccupied restroom [66] +
unoccupied lab/office [753] + CFL [0.86 x 249= 214] +
T8 restroom [0.4 x 22W/1000 x 3600hrs/yr x 8 x 2 x
$0.0233 + 12 x 7.58 x 8 x 2 x 22W/1000= 44] + T-8
lab/office [0.86 x 0.75 x (2400-44) = 1520] + T8 hall
[500] = $4,421/yr

24. Penn State Univ. Office of the Physical Plant Records,
PM Inventory for Mueller Building.

25. PSU OPP Energy Webserver, West Campus Steam Plant,
http://www.opp.psu.edu/divisions/ops/us/steam/wcsp.ht
m

26.18,554 Mbtu =est. total energy (electricity and steam)
used by Mueller in 1999 derived from 1997-98 data
(http://energy.opp.psu.edu/engy/Consumpt )18,554
Mbtu —[(2,872,210 kWh * 3,413 btu/kWh)/10°] = 8,751
Mbtu.

27.[(8,751 Mbtu * 10°) / 13,033 btu per Ib. bit. coal ] / 2000
= 336 tons bit. codl.

28. To caculate the Energy Star tune-up 30% reduction
only the HVAC electrical use was taken into account of:
1,838,214 kW-hrs/yr x 0.3 = 551,464 kW-hrglyr
To calculate monetary savingsit is assumed that only
generation charges are saved in the calculations
(although there would surely be both electrical demand
savings and savings from reduced steam which would
be quite substantial). If it assumed that only the
generation charges can be saved Mueller would save:
1,838,214kW-hrs x 0.3 x 0.0233%/kW-hr=
$12,849/year.

29. D. Hayes, The Official Earth Day Guide to Planet
Repair, (Washington D.C.: Island Press, 2000).

30. Temperatures were recorded at 20 different
locations on all floors and faces of the building during
both afternoon and early-morning hours.

31. Nighttime refersto 12 hours (half of a day).

32. Year arbitrarily divided into 6 months of summer (AC
used) and 6 months of winter (heat used).

33. Savings determined by the following calculations:
[(total kWh used for HVAC = 1,838,214)/(2)] =
919,107
919,107 kWh/(2 )] = 459,554 kWh = the total nighttime
kWh for summer or winter
459,554 kWh x 0.03 = 13,787 kWh saved per degreein
one winter (0.5 year)

Monetary savings: 13,787kW-hrs x $0.0233 = $321/yr

55,148kW-hrsx $0.0233= $1,284/yr
Temperatures were recorded at 20 different locations on
all floors and faces of the building during both
afternoon and early-morning hours.

34. Savings determined by the following calculations:

35.

36.

37.

38.

39.

40.

41.
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459,554 kW-hrs x 0.05 = 22,977 kKW-hrs/yr

4 degree: 4 x 22,977 = 91,908 kW-hrglyr

Monetary savings:

22,977kW-hrglyr x $0.0233 =$535/yr

91,908kW-hrglyr x $0.0233 = $2140/yr

If both winter and summer night time temperature
alterations are made by 4 degrees [91,098 + 55,148 =
147,056kW/hrs] will be saved a year or [147,056 x
0.0233 = $3,426].

Hunter Fan Company, Ceiling Fans,
(http://www.hunterfan.com/showroom/fans.html ).
Also, newer fans are more reliable than older models,
and some require no oiling or other maintenance
(models like the Hunter Original utilize an oil-bath
[ubrication system that keeps the primary motor
bearings lubricated at al times).

Calculations for ceiling fans:

(300 fans x 100W/fan x 24 hours/day = 720 kWh) x 180
days (6 months) = 129,250 kWh. (A very large
overestimate of realistic use.)

If only used during the 12 hours of occupancy:
129,250/2 = 64,625kW-hrs / yr to reduce temperatures
by 4 degrees and reduce the AC electrical load by
91,908 kW-hrs.

Savings. 91908-64625 = 27283 kW-hrs/yr

Rate savings: 27283kW-hr x $0.0233 = $636/yr
Demand costs: 100W/fan x 1kW/1000W x 300 fans x
12 x $7.58 = $2,728
Assuming air conditioning is 40% of electrical budget:
2,872,210 kWh (1999 usage, see endnote 1) * 0.4 =
1,148,884 kWh.

1,148,884 kwWh — 129,250 kWh (annual elec. draw of
ceiling fans) = 1,019,000 kWh saved per year.
1,019,000 x 0.0233 $/kW-hr = $23,743/yr

1,019,000 kWh / 2,872,210 (1999 usage)

=0.35, or 35%

Hunter Fan Company, Ceiling Fans,
www.hunterfan.com/support/fans fag.html

a)For asingle 45 second trip (ground to 6" floor): 7.5
kW (= 10 HP, the power of motor) x 0.0125 hr. (time of
trip) = 0.093 kwWh = 80kCal; Conversions from footnote
3 give: 0.075 Ibs = 35g and 0.197 pounds of CO, which
is49L at STP.

b)It takes 60 seconds for a person to climb the stairs to
the 6™ floor, assuming 32m climb, and 70kg body:
Energy consumed= 70kg x 9.8m/s/sx 32 m/
1000W/kW / 3600 sec/hr=0.006kW-h = 5Cal

c) Yearly totals: 750 full trips per week (assumption) *
0.075 Ibs. of coa per full trip * 52 weeks per year
=~2925 Ibs. of coal per year.

0.093kW-hrs x 750trips x 52weeks/year =
3,627kW-hrslyr

E. Darden, The Nautilus Body Building Book,
Contemporary Books Inc., Chicago, 1982.

43. www.bcbs

ga.com/services/quizzes/fitness'wellsource fithess/aero
bic.htm

44. Total Energy Conserved [kKWh/yr]= Lights (143,292) +
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Building tune-up (551,464) + Temperature setbacks
(91,908) + Computers (30,790) + Printers (8,530) +
Ceiling Fans (1,019,000) + Elevator (3,627) =
1,848,611 kWh/year

Please note: the calculations for the ceiling fans, EPA
Energy Star building tune-up and temperature setbacks
arerough estimates. A portion of the energy savings
from the temperature setbacks would not be electrical
(winter — heat from steam plants) and were excluded
here. The building tune-up would also have
considerable heat savings. However, the calculations
indicated that a large quantity of energy/money could be
conserved through optimization of the HVAC system.
Converting kW-hr to CO, prevented from footnote 3 =
1,954 tons; Percent reduction = 1954/3036 = 64%
Land area calculated for ecological footprint follows
from: M. Wackernagel and W. Rees, Our Ecological
Footprint: reducing Human Impact on Earth,
(Philadelphia, PA: New Society Publishers, 1996).
Gives conversion factor from energy to land area as
11,241 kWh/ acre: 1,848,611 kW-hrs/11,241 = 164
acres

46. Total Fiscal savings per year for suggestions: Lights

4,421) + Building tune-up (12,849) + Temp. setback
(2,142) + Computers (1,850) + Printers (425) +
Elevators (85) + ceiling fans (23,743) = $45,515

15
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B. Reducing Mueller’s Water Footprint

1. Water - An Ecological Profile

All life processes take place in an agueous
medium. It is the nature of water's hydrogen bond that gives
it many of its properties (e.g., good solvent, ability to
withstand temperature change). Humans like most other
organisms are composed mostly of water (eg.,
approximately 65% of body weight in case of humans).

Although the United States is endowed with
abundant surface and ground water, our clean water supply
is far from unlimited; careless water use and neglectful
stewardship can lead to water contamination or even
exhaustion.

The Spring Creek Watershed received enormous
rainfall (4" greatest out of 106 years on record) in 2001 yet
because of increased water use in the area the water table
levels were at a record five-year low at that time? The
necessity for efficient use of our water supplies is apparent.

In addition, buildings and the pavement
surrounding them combine to create a rather impervious
surface, with the result being a dysfunctional hydrological
regime. Water quality and water quantity are compromised,
and aquatic and riparian habitats are diminished.

2. The Mueller Connection

Mueller Laboratory contains 103 sinks (including
bathrooms and lab rooms), 14 toilets, 7 urinals, and 14
water fountains®. Mueller's water comes from the Big
Hollow and Houserville well fields* The water is treated
before it enters the Mueller Building. After leaving the
building the water undergoes biologica and chemical
(chlorine) treatment at the University Wastewater Plant
located on University Drive. Thiswater isthen sprayed onto
fields and woods just north of campus. The trees and crops
in the spray area are, in effect, fertilized with the treated
effluent. When functioning properly, thisinnovative system
strips the nutrients from the effluent for the betterment of
the trees and crops above ground while maintaining water
quality below ground.

Mueller water consumption showed a rising trend
during the 1990s (Figure 1).° In 1999 total water
consumption was 883,000 gallons, approximately 50%
greater than consumption at the beginning of the decade. Of
this total, approximately 171,886 gallons (19.5% of total
water used in 1999) were used by the sinks, toilets, and
urinals found within the building's bathrooms. The
remainder was used in Mueller's laboratories. (see
calculations for Table 1)

The Mueller Building is sits in the center of a
complex web of paving. Paving, simply by its lack of
porosity, causes ecological harm. Typical sidewalks have a
high surface runoff potential and also lose water by
evaporation. This adds to the depletion of ground water and
aquifer stores. At first the loss of water from paved surfaces
seems like a small problem, until one starts calculating the
actual area of the surfaces covered. For instance, at
University Park there are 31 miles of streets and 23 miles of

walkways®’. The walkways single-handedly account for
more than 607,000 square feet of impervious surfacing’.
Thisis over 13 acres!

Figure 1. Water Use in Mueller Laboratory (1990-
1999)
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3. The Mueller Solution

The bathrooms of Mueller consume approximately
168,850 gallons of water a year. This equates to nearly
1,373 gallons per year for each building resident? The
toilets and urinals found in Mueller consume approximately
2.0 and 1.5 gallons per flush, respectively.’ These devices
are pressurized systems and consume much less water per
flush than do the gravity-fed systems that are commonly
located in most homes® However, remarkable water
savings can still be accomplished using waterless urinals
and toilets. In addition a 40% decrease in the amount of
water used by the 103 sinks within Mueller can be achieved
with water saving faucets.

Reducing water use in the laboratories without
compromising research quality can be accomplished by
personal awareness of water use habits of the research
personnel. Additional water savings can be accomplished
by eliminating all single-pass water-cooling systems for
laboratory equipment and by replacing high-pressure water
vacuum systems with electrical pumps.

Mueller can increase its water-use efficiency
without compromising the research, teaching, or
administrative activities of building residents. To achieve
this goal the following steps would need to be taken: 1)
Upgrade water use equipment by replacing bathroom
faucets with high-efficiency models; 2) install waterless
urinals; 3) install waterless toilets; 4) increase personal
awareness regarding water-use habits; and 5) install porous
paving.

Step 1: Theinstallation of high-efficiency faucets
in bathrooms and labs. Most of the faucets currently found
in Mueller's bathrooms have a flow rate of 2.5 gallons per
minute (gpm),™ and have either standard control knobs or
ones that produce water for 2-3 seconds when pressed.



There are several ways to reduce flow rates of
faucets; the fixtures themselves can be replaced with more
efficient models, or flow control devices can be added to the
ends of the faucets.® Flow control devices that add air to
the water are called faucet aerators. These devices add air to
the water, therefore producing smaller water droplets which
tend to wet objects more thoroughly.™ Another type of flow
control utilizes laminar flow technology. These devices are
more efficient than faucet aerators because they create
many parallel streams of water without mixing the water
with air. In other words, the parallel streams created by a
laminar flow system wet objects more thoroughly than do
normal faucet aerator systems.*?

If Mueller bathroom sink fixtures were replaced or
upgraded with high-efficiency models (e.g., having a flow
rate of < 1.5 gpm) sink water could be reduced by 40%. The
ability to wet objects more efficiently would adso be a
benefit in some laboratories (decrease wash time), however,
the decreased flow rate could be detrimental (increased fill
time) so upgrades to laboratory sinks must be made on a
lab-by-lab basis. Faucet aerators are remarkably economical
and are even designed to be tamper resistant. **

Step 2. The installation of waterless urinals.
Utilizing state-of-the-art urinals will dramatically reduce
water use in urinas (100%).* Waterless (or No-flush)
urinals resemble conventional fixtures, and easily replace
them. They install to the regular waste lines, but eliminate
the flush water supply lines, flush valves, and handles. The
urinal bow! surfaces are urine repellent; urineis 99% liquid
and its drainage is effected without flush water. The daily
cleaning procedures are the same as for flushed urinals. The
conventional water-filled urinal's trap drain is replaced by a
disposable EcoTrap® inserted in the urinal outlet. It holds a
layer of the immiscible liquid floating on top of a urine
layer that block out sewer gases and urine odors from the
room.

Step 3. The installation of waterless toilets. Self-
contained toilets will also dramatically reduce water use in
toilets (100%).'® Waterless self-contained (or composting)
toilets unites the natural process of composting with modern
technology to accelerate and optimize biological
decomposition, evaporate excess liquid and exhaust odors
and water vapor without wasting water.

Nature does its own composting. In warm weather,
natural aerobic soil microorganisms digest and transform
leaves, grass and other organic debris into a hygienic
natural fertilizer called ‘compost”. Compost provides the
nutrients for new plant growth and holds moisture in the
soil. Gardeners around the world utilize this process when
they compost yard and garden wastes and use the compost
as fertilizer (as is done with Penn State's successful dining
hall composting program). The compost generated in
Mueller building could be used to increase the growth and
health of the plants in the landscaping around Mueller
without the use of chemical fertilizers.

Waterless toilets look very similar to conventional
toilets — except they contain a receptacle underneath for
collection of the compost. They are ruggedly constructed,
reliable and highly efficient. To use a waterless toilet one
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simply opens and closes a bow! trap rather than flushing.
The operation is sanitary, odor-free and environment
friendly. The maintenance/cleaning is similar to a normal
toilet except that the bowl is removable. The systems are
designed for easy cleaning and collection of the compost.
Composting toilets could be installed throughout Mueller
demonstrating advanced environmentally responsible
technology even in the restrooms.*’

Step 4: Increase awareness of personal water use
habits. It is obvious from Table 1 that the majority of water
use for Mueller building occurs in the laboratories. Small
increases in water-use efficiency can be accomplished by
installing water saving devices on faucets in laboratories.
However, the optimal method of increasing water use
efficiency isfor individuals to only allow water to run when
it is actively being used to complete a task (e.g. filling
beakers, washing hands, or cleaning equipment). A faucet
having aflow rate of 2.5 gpm will expel one gallon of water
every 24 seconds. Also, leaking faucets can waste
significant amounts of water. A slowly dripping faucet can
waste up to 15 gallons of water each day.'® When leaking
faucets are identified maintenance personnel should quickly
be alerted to repair them. It is impossible to ascertain the
possible savings from personal awareness, but the fact that
water use increased in Mueller by 50% in the past 10 years
indicates there is some room for improved water-use
efficiency.

Step 5. The installation of pervious pavements.
Utilizing pervious paving in sidewalks, bike lanes, and
roads surrounding the Mueller Building will have numerous
benefits. Porous pavement provides hydrological storage,
reduces peak runoff rate, and enhances soil infiltration
because it allows rainfall to percolate through it.*® Porous
pavement has already been tested at PSU at the Centre
County/Penn State Visitor Center.”® In addition recycled
materials, such as crumb-rubber from waste automobile
tires can be utilized to fabricate permeable sidewalk
surfacing (as demonstrated at the 8" Annual PSU Green
Design Conference).

Table 1. Water Consumption in Mueller Before and
After Proposed Upgrades.

Bathroom
Faucets
Alone

3,036

1,882 38%

Waterless
Urinals
Alone

32,472 0 100%

Composting
Toilets
Alone

75,680 0 100%

Bathrooms

Total 171,886

60,698 65%

Entire

Building 883,000

771,812 12.5%




4. Ecological Footprint Reduction

By implementing these five steps -- retrofitting
faucets, urinals, and toilets with more efficient water-
conserving devices, increasing personal water use
awareness, and replacing paving with permeable surfaces --
Mueller could reduce water use by over 50% and begin
assisting the recharge of local ground water.

5. Model Water Usage Policy
Mueller Laboratory, through its commitment to
environmental  stewardship, seeks to reduce the
environmental impacts associated with water usage. In
order to accomplish this goal, the following steps will be
taken regarding water relating to the building:
Bathroom and laboratory faucets will be retrofitted
with high-efficiency flow-control devices.
Flush urinals will be replaced with waterless urinals.
Flush toilets will be replaced by composting toilets.
Increase our awareness of personal water use habits.
All once-through water-cooling systems on laboratory
equipment will be replaced.
Any leaking or damaged plumbing fixtures will be
promptly repaired or will be replaced.
Paving surrounding Mueller Building will be replaced
with permeable paving.

For more information:
High Efficiency faucets:
http://www.nrgsavers.com/aerator.htm
Waterless urinals:
http://www.waterl ess.com/
Waterless'composting toilets:
www.compostingtoilet.org
http://www.envirolet.com/enwatsal .html
http://www.vipi mage.com/bio/index.htm
Pervious paving:
http://www.petrusutr.com/paving paper.htm

6. Water Conclusion

Mueller’s current high water consumption can be
markedly reduced by retrofitting existing sinks with more
efficient faucets in bathrooms and laboratories, installing
waterless urinals and toilets, and by improving personal
awareness of water use habits.

1. KanCRN Collaborative Research Network, Water
Conservation (http://www.kancrn.org ).

2. T. Giddings, The Invisible Drought Continues...,
Springs and Sinks, July 2001 pg. 2.

3. S Jenkins, Lacko, M., Mclnerney, J., and Richey,
M.; Biology 450W Ecology in Action Project: Air
and Water Use in Mueller Lab, and Their Impacts
on the Environment (Dec. 2000).

4. Penn State Consumer Confidence Report, Water
Quality Report, 1999.

5. FASER Report, University Park, PA, Mueller
Building Water Usage, 2000.
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6. OPP (Office of Physical The Plant), Summary of
Selected Data for the Pennsylvania State
University, 1997-1998,
http://www.opp.psu.edu/fact/facttbl.htm

7. 23 miles = 121,440 feet, 121,440 ft long x 5ft wide
= 607,200 ft* = 13.9 acres

8. 123 persons, including faculty, instructors, staff,
and graduate students based on the 2000/2001
Dept. of Biology Directory. 168,850/123 = 1373
gallonsg/person/year

9. R.W. Harris, Personal Communication (University
Park, PA, March 2001).

10. Flushmate Toilet Manufacturing
(http://www.flushmate.com/framemfg.html).

11. Average value taken from flow surveys of Mueller
bathroom faucets (March 2001).

12. A. Jones, Rocky Mountain Institute, High-
Efficiency Showerheads and Faucets (Snowmass,
CO: RMI, 1993).

13 . Tamper proof faucet aerators come with locking
keys and are Brass/chrome plated with a high
quality finish. Comesin flow rates of 0.5gpm,
1.5gpm, 2.2gpm with male or female threads. P/N
NS3205 Retail Price: $3.10
http://www.nrgsavers.com/prodwater.htm

14. http://www.waterless.com/

15. http://www.water|ess.com/Ecotrap.htm

16. http://www.waterless.com/

17 . A waterlesstoilet that could handle 6 people for
continuous use would cost $1,275. Assuming
occupants only expel half of their average waste at
Mueller- 14 composting toilets could handle 168
people or a 36% over capacity.
http://www.envirolet.com/enwatsel.html

18 . KanCRN Caollaborative Research Network, Water
Conservation (http://www.kancrn.org ).

19 . Novotny, V. and Olem, H., Water Quality, VNR
pub., New Y ork, 1994.

20 . http://www.psu.edu/ur/archives/intercom 2000/
Nov2/visitorcenter.html

21. For water use calculations the following
assumptions were made: 1) Undergraduate student
use of facilitieswas NOT included in calculations;
2) Building population (123 persons) was 60%
women and 40% men; 3) Women use toilets two
times per day, men use urinals two times per day
and 50% of men use toilet once per day; 4) Faucets
used 75% of the time after toilet or urinal use; 5)
Average washing time of 15 seconds = 0.625
gallons used per wash; 6) Bathroomsin use 5 days
aweek x 34 weeks in complete school year, and 5
days aweek x 15 weeks in summer x (2/3
population during summe).

Calculations:
Female use= (123 people) x (0.6 female) x (2
turns) x (2 gal/ toilet flush) = 295 gal/day



Male use= (123 people) x (0.4 male) x [(2 turns) X
(1.5 gal/flushin urinal) + (1/2 turn) x (2 gal/toilet
flush)] = 197 gal/day (49 for toilets)

Total = 492 gal/day for toilets and urinals

Total for toilets = 295 gal/day female + 49 gal/day
male = 344 gal/day (or 75,680 gal/year)

Total visits = (123 people) x (0.6 female) x (2
visits) + (123 people) x (0.4 male) x (3 visits) =
295 visits/day

Sink use = (295 visits) x (0.75 wash rate) x (0.0625
gal/wash) = 13.8 gal/day or 3,036 gal/year

Total water usein bathrooms = 13.8 gal/day + 492
gal/ day = 506 gal/day

Total water use in bathrooms/year = (5 days/week)
X (34 weeks in school year) x (506 gal/day in
toilets and urinals) + (5 days/week) x (15 weeksin
summer) x (2/3 occupancy) x (506 gal/day) =
111,320 gal/year

Waterless urinals save = (123 people) x (0.4 men)
X (2 visits) x (1.5 gal/urinal flush) = 147.6 gal/day,
32,472 gal/ year
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C. Reducing Mueller’s Communications/ Computing Footprint

1. Paper

An Ecological Profile

The thirty-year-old vision of the paperless office
has yet to see widespread redlity. In fact, paper use in the
United States increased two-fold between the mid-1970s,
when such predictions first appeared, and today, when the
use of computers, digital storage, and electronic mail in
businessis at an all-time high.

Paper is the end-product of an industry which
moves trees from forests to chip, pulp, and paper mills, then
to distributors, and finally to end-users. Not only is the pulp
and paper industry the third largest consumer of chlorine
and the second largest consumer of energy in the United
States, but it is unrivaled in its use of water per ton of
product. Furthermore, paper production contributes to air
and water pollution: to the air it adds greenhouse gases and
pollutants, such as nitrous and sulfur oxides, acetone,
methanol, and carbon monoxide; and to the water it adds
many noxious chemicals, including deadly but avoidable
dioxins, furans, and chloroform.*

The Mueller Connection

Mueller Building occupants consume, collectively,
approximately 5.3 tons of paper (i.e, over one million
sheets) per year.? Approximately 8.4 acres® of temperate
forest land (or 2 acres of southern pine plantation) are
necessary to supply the pulp for Mueller's annual paper
consumption. The "Penn State Copier Bond" that Mueller
uses in its copying machines comes from Willamette
Industry's paper plant in Johnsonburg, PA.* In 1998, that
plant released 27 tons of pollutants into surface water and
311 tons into the air, including 61 tons of sulfuric acid and
148 tons of hydrochloric acid.”

The Mueller Solution

The environmental impacts of Mueller paper use
are striking but a significant decrease in the impact of
Mueller paper use is possible without compromising the
research, teaching, and administrative activities of building
occupants. To achieve this goal requires that Mueller: 1)
purchase recycled, environmentally friendly paper; 2) fully
utilize paper, and 3) correctly channel waste paper.

Step 1: Purchase recycled, environmentally
friendly paper. In the 1999/2000 fiscal year Mueller
purchased approximately $5,540 of "Penn State Copier

Bond,"? 0% post-consumer content, chlorine-bleached

paper at $2.74 per ream (500 sheets/ream).* Mueller could
purchase Badger Envirographic 100 (the paper that this
document is printed on), which has 100% post-consumer
recycled content, is "process chlorine free,"® and costs $4.30
per ream.” Other universities (e.g., University of Buffalo)
have already taken this step.?

Step 2: Fully utilize paper. In our universities,
documents are often printed without considering how font
size, column width, and line spacing decisions affect paper

needs, but paying attention to these "details' can
dramatically reduce paper consumption. For example, a
hundred-page "standard" print job (i.e., 12-point font, 1.25"
left-right and 1" top-bottom margins, double spaced, one-
sided) can easily be reduced to less than 20 pages by paying
attention to all these measures and even applying one or two
of them can often reduce paper use by as much as half
(Table 1).

Table 1. Four measures that can dramatically
reduce paper use.
st | &

.E et Co 'g =) g % g g
£82 |88 |SEs|88%|=7
588 |SE |§g2E|%08 |88
ax= ha rEag | fed|xa
Font Size | 12-pt 10-pt 25% 75
Margins 1.25"1r | 0.75" 19% 81

1"tb [rtb

Spacing double | single 50% 50
Printing 1-side 2-sides | 50% 50
All 85% 15
Measures
* For a 100 page document at the start; ideal case.

At present Mueller personnel do occasionally
employ these paper-saving strategies. For example, a survey
of Mueller personnel and an audit of various recycling bins
and copy jobs indicates that reduced font size is used for
25% of printed pages,” reduced margins for 25% of printed
pages'® and single-spacing for 70% of printed pages.
Performing these font, margin, and line-space reductions
decreases Mueller paper requirements by approximately
30% (Table 2). Mueller also "duplex" prints 40% of its
document pages and gives 10% a “second life”; this
combined with the foregoing measures results in an overall
Mueller paper savings of 46%."

Table 2. Percent of Mueller Pages Receiving
Paper Conservation Methods*
Impact Reduction Method Status Mueller
Quo Potential
Input: % Recycled Paper
Procured 0% 70%"
Use:
% Small Font, Narrow Margin,
or Single Line Space 40%"2 100%
% Duplex Printing 40% 75%
% Given a"Second Life" 109%** 25%
Output: % Recycled 90% 100%
* Data from surveys and pre- and post- use audits
**Rough estimate.




Step 3: Channel waste paper in an
environmentally responsible fashion. Mueller already
performs this function well by recycling, but could further
decrease its environmental impact by channeling paper
having one clean side into a "Second Life" bin. On a
building-wide scale, the sum of re-usable paper per year
(i.e., paper with a blank side) that could be collected is
approximately 250 reams, or 125,000 pages. This quantity
could produce 1250 one-hundred sheet notebooks for
faculty, staff, and student use. For example, the University
of Michigan's "Homemade 100% Recycled Notebooks' are
composed of re-used paper bound between re-used cered
boxes from the dining commons.**

Ecological Footprint Reduction

By buying 100% post-consumer recycled paper,
fully using that paper, and then recycling it, Mueller could
reduce its annual paper use from just over 1 million to
approximately 310,000 sheets of paper. This, in turn, would
result in a dramatic decrease in the environmental impacts
of Mueller's paper consumption (Table 3).

Table 3. Potential Reduction in Environmental
Impact Associated with Annual Paper Use in Mueller
Using Best Practices.
StatusMueller |% Reduction
Quo |Potential
Paper (reams required/yr) |2022| 664 67%
Landfill (tonglyr) ® 63| 126 80%
Water (1000gallonglyr) ® | 87 19 79%
Energy (million BTUs/yr) /| 199 | 46 7%
CO, emissions (tons/yr) | 73 17 7%
Forest (acres/yr) 4 | 082 90%
Price (dollarslyr) ® 5532 2544 54%

Expressed on a per capita basis, a Mueler
occupant (n=123) adopting these "best practices' (Table 3)
would decrease his’/her paper consumption from over 8000
to approximately 2700 sheets and in so doing save over 555
galons of water, about 1.25 million BTUs of electricity,
approximately 2650 square feet of forest land, nearly 85
pounds of landfill waste, and amost 800 pounds of CO2

emissions. Moreover, athough recycled paper costs more
per sheet, the potential reduction in paper use could reduce
per capita costs by almost $25 per year.?

Model Paper Policy:

Mueller Building, through its strong commitment
to environmenta protection, seeks to reduce the
environmental impact of its paper use. In order to
accomplish this objective, the following steps will be taken
during the procurement, use, and disposal of paper
products:
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When possible, purchase i) paper having 100%
post-consumer  recycled content, i) paper
manufactured by a "totally chlorine free" (TCF) or
"process chlorine free" (PCF) process, iii) paper
containing wood fiber from sustainably managed
forests, and iv) paper originating from within the
Mid-Atlantic region.

Print documents using small fonts, narrow margins,
and reduced line spacing to the extent that the
quality and end-use of the document remains
uncompromised.

Set all printer defaults to "duplex" and print as such
while the quality and end-use of the document
remains uncompromised.

Collect and re-use al paper (i.e, give paper a
"second-life") on a building-wide scale to the extent
that security, privacy, or other concerns permit.
Collect and recycle all paper on a building-wide
scale when its uses have been exhausted.

For More Information

- Rainforest Action Network: Old Growth Campus
Organizing Manual,
http://www.ran.org/ran_campaigns/old_growth/ca
mpus/index.html
ReThink Paper, http://www.rethinkpaper.org/
Environmental Defense, Paper Task Force Report,
http://www.environmental defense.org/pubs/Reports/

ptf/

2. Transparencies

An Ecological Profile

Americans dump fifteen million pounds of
transparencies into landfills each year. A stack of
transparencies of that weight would reach nearly 135 miles
into the air. Although transparencies are Type-1 polyester,
the same as soda bottles, their film covering makes the
recycling process too difficult for standard recycling
centers.”

The Mueller Connection

Mueller Building occupants collectively used 8000
sheets (134 pounds) of transparencies in 2000 at a cost of
$1,250.%

The Mueller Solution

The measures necessary to reduce the
environmental impact of transparency use in Mueller would
be relatively easy to implement without compromising the
research, teaching, and administrative activities of building
occupants. To achieve this goal requires that Mueller
channel its waste transparency sheets to the 3M Company
recycling plant in Exeter, Pennsylvania®*® The only cost



would be shipping, which would be approximately $11
more than the cost of dumping per year.?®

Ecological Footprint Reduction

Mueller could ship its used transparencies to the
Exeter, PA, recycling plant and reduce the building's
ecological footprint in two ways. First, Mueller could
reduce the amount of waste it discards to landfills each year
by 134 pounds. Second, Mueller could contribute to the
stream of post-consumer "raw" material and reduce the
requirement for virgin raw material.

Model Transparency Policy
Mueller Building, through its strong commitment

to environmenta protection, seeks to reduce the
environmental impact of its transparencies use. In order to
accomplish this objective, the following step will be taken
during the disposal of transparencies:

Channel all used transparencies into building-wide

collection hins to be located in 208 Mueller and ship to

the 3M recycling plant in Exeter, PA.

For More Information
- http://www.recycle.umich.edu/grounds/recycle/mat
erials/transparencies.html
- http://www.3m.com/front/transfilm

3. Computers

An Ecological Profile

Producing a new desktop computer system
generates approximately 140 pounds of waste and consumes
3000 cubic feet of natural gas, 7300 gallons of water, and
2300 kilowatt-hours of energy.”” The 50 million new U.S.
computers manufactured in 2000% used almost 120 billion
kilowatt-hours of energy during their production, one
quarter the amount that they will use in a four-year

lifetime.?” Meanwhile, energy use for personal computersis
projected to increase by 4.5 percent per year in the
foreseeable future.”® Fifty percent of all heavy metals found
in U.S. landfills, including cadmium and lead, originate
from discarded consumer electronics. Projections indicate
that tens of millions of presently in-use or warehoused
computers will contribute hundreds of millions of cubic feet
of trash and the brunt of incoming heavy metals to landfills
by 2005.%°
The Mueller Connection

Mueller Building occupants utilize approximately
300 computers and seek new units every 2 to 4 years, which
is similar to the national average.® Mueller computers
annually consume over 35 thousand kilowatt-hours of
electricity,® which results in the release of approximately
37 tons of carbon dioxide® into the atmosphere. They aso
might contribute approximately 3 tons to the landfill every 4
years if not directed elsewhere at the time of their
disposal . **

The Mueller Solution
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The environmental impact of Mueller Building's
computer usage could be reduced by more than half without
compromising the research, teaching, and administrative
activities of building occupants. This improvement requires
that Mueller: 1) purchase environmentally-friendly
computers, 2) extend the life of computers by upgrading, 3)
keep computers off when not in use, and 4) channel obsolete
computersin an environmentally responsible fashion.

Step 1: Purchase environmentaly friendly
computers. Mueller occupants report that 75% of the
computers that they buy are brand-new, less than 10% are
laptop models, and 92% have built-in energy saving
features. Mueller could reduce its environmental impact if
building occupants purchase: 1) laptop models, which, in
general, require 1/3 the energy and are 1/10th the weight of
desktop models” 2) EPA "Energy Star" compliant
computers, which "power down" after periods of inactivity
to use 70% less energy than conventional models (Table
4):® 3) monitors only as large as necessary when desktop
models are required (a 17-inch monitor uses 30% more
energy than 15-inch monitor);* and 4) flat panel TFT
screens which use less energy than conventional cathode ray
tube screens.

Step 2: Upgrade computers before buying new
systems. One way to more fully utilize a computer is to
upgrade its CPU, storage capacity, and memory rather than
to purchase a new system. While approximately 20% of
computers in Mueller Building are upgrades, the figure
could be increased to as high as 100%.% This would reduce
both the solid waste flow from Mueller as well as the
monetary cost of computing.

Step 3: Keep computers off when not in use.
Contrary to popular belief, turning computers on and off a
few times per day will not significantly affect the
computer’s lifespan. Even if a computer meets "Energy
Star" certification, keeping the computer off between uses
can reduce energy needs significantly. An "Energy Star"
desktop computer still draws approximately 30 watts in
standby mode® If Mueller computers were al "Energy
Star" compliant, they would still draw up to 28,000-kilowatt
hours each year if left on between 5pm and 8am during
weekday nights® Additionally, it should be noted that
“screen savers’ do not save energy, but save the phosphors
in the monitor. By turning a monitor off, both energy and
phosphors are conserved.

Table 4. Status Quo (Actual) and Mueller
Potential (lIdeal) for Computer-related energy
consumption*

Computer Status Status Quo Mueller
(%) Potential (%)
% Laptop 7% 100%
% EPA "Energy Star" 9204**
feature activated 100%
% Upgrade 20% 100%
% Off whennotinuse| <10%**
during day 100%

* Data obtained from faculty/staff survey
** Rough estimate




Step 4: Channel obsolete computers in an
environmentally responsible fashion when an upgrade no
longer suffices. In the last two years, Mueller occupants
collectively channeled nearly 40 “obsolete” computers to
Penn State Salvage.® Salvage finds a new user for 25% of
all computers that it receives.® The remaining seventy-five
percent are sold to be stripped and recycled. Mueller has the
potential to channel its obsolete computer systems (many of
which presently sit unused in labs) to salvage and further
reduce its computer-related landfill impact. In addition,
both Hewlett-Packard®® and IBM** offer refurbishing and
recycling programs, as does Environmental Solutions
Recyclers, Inc, a Pennsylvaniabased recycler.*?
Alternatively, Mueller could donate acceptable systems to
the Computer Hardware Initiative Project (CHIP), a student-
run Penn State program which donates discarded computers
to needy schools, non-profit organizations, and individuals.

Ecological Footprint Reduction

Following these four steps Mueller occupants could
significantly reduce computer-related energy consumption.
Specifically, using more laptop computers, the Energy Star
"power down" feature, and keeping computers off while not
in use could reduce computer-related electricity use by over
30,000 kilowatt-hours, or 87%, annually.”®* This would
translate to a 32-ton reduction in carbon dioxide.** The cost
for implementing these steps rises in accord with the higher
price of laptops, but decreases with the savings achieved
through energy use reductions and upgrading. Over an
eight-year life cycle of computer use, Mueller would spend
approximately 11% less money on computers if it followed
the four steps (above)® saving $63,054. Were a single
Mueller occupant to perform these four steps -- switching
from a desktop to a laptop computer, upgrading the
computer, keeping the computer off when not in use, and
using energy saving modes --g'he could reduce energy use
by 109 kilowatt-hours/year, CO2 emissions by 232
poundslyear, and cost by $35/year. The costs over each
eight-year computer cycle are shown in Table 5.%°
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Mueller  Laboratory, through its strong
commitment to environmental protection, seeks to reduce
the environmental impact of computer use. In order to
accomplish this objective, the following steps will be taken
during the procurement, use, and disposal of computers:

-+ Consider purchasing laptop models (as opposed to
desktop models) provided that functionality and
quality remains uncompromised.

Purchase EPA Energy Star certified computers and
computer accessories.

Upgrade the CPU, storage capacity, and memory of
existing computer systems before purchasing a new
system.

Keep computers in an "off" state while they are not
in use, especialy over extended time periods, such
as during nights, weekends, and vacations.

Channel all obsolete computers to Penn State
Salvage, Penn State CHIP, or other computer re-
use/recycling center.

For More Information
- EPA WastéWise, http://www.epa.gov/wastewise/
Penn State Computer Hardware Initiative
Project (CHIP), http://www.shc.psu.edu/chip/
The Green PC, http://www.thegreenpc.com/

Table 5. Reduction in Energy Use and Cost Due to
Switch from a Status Quo Desktop Computer to ""Mueller
Potential" Laptop & Upgrade over Eight Year Cycle.”

Type of Savings | Status Quo | Mueller | Quantity of
/8 years (Desktop) | Potential Savings
(Laptop)
Electrical Demand 60W 15w 45W
Electricity (kWh)
/8 years 998 125 873
Cost of Electricity
Demand /8 years $43.66 $10.91 $32.75
Cost of Electricity $23.25 $2.91 $20.34
Rate
Cost of Computer $2,039 $1,866 $173
Tota Cost $2,106 $1,880 $226
Model Computer Policy: Procurement, Use, and
Disposal

4. Printers

An Ecological Profile

As is the case with computers (previous section),
significant amounts of materials and energy resources are
involved in the manufacture, transport, and use of printers.
Ultimately these electronic goods find their way to landfills.
Americans dispose of 300,000 tons of printers, monitors,
and computers to landfills each year.*® These printers, as
well as other consumer electronics, contribute over fifty
percent of all heavy metals to our landfills.*’

The Mueller Connection

Mueller Building occupants currently use
approximately 71 printers, including 40 personal laser
printers, 10 heavy-duty laser printers (i.e., Hewlett Packard
5si), 20 ink-jet printers, and 1 poster ink-jet printer.®
Assuming a lifespan of five years, these printers could
contribute over one ton of waste and related heavy metals to
landfills twice each decade.®

The Mueller Solution

It is possible to reduce the environmental impact of
Mueller Building printer use without compromising the
research, teaching, and administrative activities of Mueller
occupants. To achieve this goa requires that Mueller: 1)
purchase environmentally-friendly printers, 2) use the
energy that powers printers more efficiently; and 3) channel
obsolete printers in an environmentally responsible fashion.

Step 1: Purchase environmentally-friendly
printers. The Environmental Protection Agency (EPA)



certifies "Energy Star" printers which draw 50% less energy
than conventional printers through their standby energy
saving mode.®® Furthermore, ink-jet printers consume 13
times less energy per printed page than laser printers™
Recent introductions into the printer market, such as the HP
DeskjetR850, have shells composed of post-consumer
recycled plastic, which further reduces the burden on
landfills.®® Mueller could reduce landfill and energy
requirements by purchasing ink-jet, Energy-Star certified
printers composed of post-consumer recycled materials
when their performance meets Mueller's needs.

Step 2: More fully utilize the energy that powers
printers. Even should a printer meet "Energy Star"
certification, keeping the printer off between printing
episodes reduces energy needs significantly. An "Energy
Star" printer still draws between 5 and 40 watts in standby
mode.”® Mueller printers stay on for most of the day, even
when not in use. Keeping a laser printer that draws 25 watts
in standby mode on for 1 hour, instead of 8 hours, each day
reduces the electricity draw by 175 watt-hours (88%), from
200 watt-hours to 25 watt-hours. Applying this energy-
conserving ethic through the year, an individual could cut
his’/her coal use and accompanying CO, emissions by 37
and 96 pounds, respectively.>

Step 3: Dispose of printers in an environmentally
responsible fashion. Mueller Laboratory aready performs
this step well. Penn State Salvage attempts to utilize
Mueller's old printers, either by resale or component re-use.

Table 6. Status Quo (Actual) and Mueller Potential

(Ideal) for Reducing Energy Consumption

Associated With Printers*
Printer Status Status Quo

Mueller Potential

Ink-jet vs. Laser
Printer

EPA "Energy Star"

30% vs. 70%| 75% vs. 25%

Certified Printer 70%** 100%
Printer remains off
while not in use <5%** 100%
10
Energy consumedyr™ o nog kwh | 479kWhiyr

* Data come from surveyed faculty/staff
** Based on informal survey.

Ecological Footprint Reduction

By implementing these three steps -- purchasing
environmentally-friendly printers, fully utilizing the energy
which powers printers, and disposing of printers in an
environmentally responsible fashion -- Mueller could reduce
energy requirements by over 8500 kWhlyear, save
$425/year, and prevent the emission of 9 tons of CO, into

the atmosphere from coal burning (Table 6).%°

Model Printer Policy

Mueller  Laboratory, through its strong
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commitment to environmental protection, seeks to reduce
the environmental impact of its printer use. In order to
accomplish this objective, the following steps will be taken
during the procurement, use, and disposal of printers:
Purchase EPA Energy Star certified printers.
Purchase ink-jet printers to the extent that the
printer quality remains uncompromised.
Keep printers in an "off" state while they are not in
use.
Provide Penn State Salvage with al printers that
would otherwise be placed with refuse.

For More Information
EPA Energy Star, http://www.energystar.gov/

5. Toner and Ink Cartridges

An Ecological Profile

American businesses dispose of 15 million toner
cartridges every year, annually adding 40,000 tons of plastic
to landfills® These toner cartridges contain volatile
organic compounds that contribute to ar and water
pollution during production, possible air-quality problems
in the office during use, and water pollution from landfill
leachate after disposal.>’

There are two frequently used printer types, ink-jet
and laser. Ink-jet cartridges contain hydrocarbon solvents,
which are skin and eye irritants (under conditions of
frequent and/or prolonged contact) and can act as central
nervous system toxins. Laser toners contain carbon black, a
fine carbon powder that is hazardous if breathed and is
possibly carcinogenic.® All printer inks and toners also
contain heavy metals and rely on an unsustainable,
petroleum base.

The Mueller Connection

Mueller Laboratory purchases copy paper,
transparency film, and fax paper at an annua cost of
approximately $6800.>° Use of this paper accounts for over
1 million pages printed by Mueller photocopiers, and laser
and ink-jet printers each year. Printing that many pages
requires that Mueller purchase over 30 laser and 30 ink-jet
cartridges each year at a total cost of approximately
$3,000,% in addition to another 35 copier cartridges (cost
built into maintenance agreement for copy machines).**

The Mueller Solution

It is possible to reduce the environmental impact of
printing without compromising the research, teaching, and
administrative activities of Mueller occupants. To achieve
this goal requires that Mueller: 1) purchase
environmentally-friendly ink-jet cartridges and laser toners;
2) get the most possible use from ink and toner cartridges,
and 3) channel spent ink-jet cartridges and laser toners in
an environmentally responsible fashion (Table 7).

Step 1: Purchase environmentally-friendly ink-jet
and laser cartridges. Mueller Laboratory aready performs
part of this important step by obtaining the majority of its



laser toners from Laserforce, alocal company that refills old
cartridges for resale. This extends the useful life of the
cartridge and reduces landfill waste, as well as the
environmental cost of cartridge production. Mueller could
also purchase refillable ink-jet cartridges, which reduce
waste by increasing a cartridge's useful lifetime. Hewlett
Packard sells a refill "service station" for $17.70.% Refilling
ink-jet cartridges also yields significant cost savings.®® If
Mueller does not refill ink-jet cartridges on the premises,
the cartridges could be sent to a remanufacturing facility for
professional cleaning and refilling at a cost of $17.%

Step 2: Get the most possible use from ink and
toner cartridges. Many printers offer a "draft" mode feature,
which produces lower quality output, but conserves printer
ink or toner by approximately one half. Mueller occupants
indicate that they generally do not utilize this mode.
Mueller could employ this ink-saving strategy for the draft
stage of all documents and reduce ink use by approximately
50% for each draft printing.®® If 75% of al Mueller
documents were printed in ‘draft’ mode, ink consumption
would be reduced by 33%.%

Table 7. Status Quo (Actual) and Mueller
Potential (Ideal) for Cartridge Type and Print
Use*
: Status Mueller
Ink Cartridge Status Quo Potential
Ink-jet Printer: Refillable or
Refilled Ink Cartridges 0% 100%
Laser Printer: Refilled Toner
Cartridge > 90% 100%
Draft Documents Printed in
Draft Mode ~10% 100%
Spent Cartridges (Ink-jet and 0% 100%
Laser) sent to Recycling Center
* Data obtained from survey of Mueller faculty/staff.

Step 3: Dispose of ink-jet and laser cartridges in
an environmentally responsible fashion. Mueller
Laboratory already performs this step well. Laserforce
accepts Mueller's spent laser toner cartridges for refilling.
Ink-jet cartridge re-use should be discontinued after one or
two refills in order to maintain printing quality. At that
time Mueller could send its used cartridges to Hewlett
Packard which recycles up to 65% of the cartridge (by
weight) into its constituent raw materials.®’

Mueller’s current maintenance agreement for copy
machines is with IKON. At this time IKON does not refill
or recycle toner cartridges.

Ecological Footprint Reduction

Mueller has the potential to reduce the footprint
associated with ink and toner use. Refilling cartridges
reduces the cost for ink, and printing in draft mode
compounds the price reduction by reducing the requirement
for ink. Following these “best practices,” Mueller could
reduce its cost for printer ink use by nearly 50% or over
$1,400%® and reduce ink use by ~33% (assumes that the
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number and ratio of ink-jet and laser printers that Mueller
uses remains the same and that 75% of printed pages are
printed in draft mode). The printer ink costs could be
reduced further if the “best practices’” printer policies were
followed from section B4 and Mueller refilled its own inkjet
cartridges. Following optima printer and toner policies
Mueller could yield savings of over $2,500/year.*®
Model Printer and Copier Ink and Toner Policy

Mueller  Laboratory, through its strong
commitment to environmental protection, seeks to reduce
the environmental impact of its printer and copier use. In
order to accomplish this objective, the following steps will
be taken during the procurement, use, and disposal of
printer and copier products:

- Print and copy documents in "draft" mode whenever
possible.

- Send spent toner cartridges to remanufacturing
facility.

- Refill spent ink-jet cartridges on the premises or send
to refilling facility.

- Send all ink-jet cartridges to HP recycling center at
end of useful life.

For More Information
- Laserforce. 2597 Clyde Ave., State College. 234-4100;
http://www.laserforce.com/
- Pennsylvania Ink-jet Cartridge Remanufacturers,

http://www.eco-
office.com/states2.cfm?state=Pennsylvania

6. Computer Disks

An Ecological Profile

Every day approximately 3 to 4 million defective or
unneeded 3.5" computer diskettes make their way into U.S.
landfills or incinerators. That sums to over one billion disks
each year,” a stack that could reach over 2000 miles high.”*
A disk may take over 450 years to decompose in alandfill, a
process which sometimes leaches synthetic chemicals into
nearby water sources.”

The Mueller Connection

Larger storage media are quickly replacing the
standard 3.5" computer diskettes that Mueller personnel
once used amost exclusively. Today's 100MB disks have a
storage capacity that is almost 70 times greater than that of
traditional 3.5" disks. Many Mueller occupants
acknowledge that they have scores (sometimes hundreds) of
diskettes awaiting disposal.

The Mueller Solution

The measures necessary to reduce the
environmental impact of Mueller computer disk disposal
would be relatively easy to implement without
compromising the research, teaching, and administrative
activities of building occupants.



Option A: Mueller residents could attempt direct
recycling of used floppy disks on University Park Campus.
The disks could be collected at a central location in Mueller
and then donated to an undergraduate CAC lab with a sign
“FREE DISKS!”

Option B: Mueller occupants could channel their
waste disks to a disk recycling center. The cost of shipping
plus a recycling fee of 10 cents per pound would be about
four times the cost of sending these diskettes to a landfill,
but will prevent the contamination of contamination of
ground water suppliesin the vicinity of landfills.

Ecological Footprint Reduction

Mueller could reduce the environmental impact of
its computer disk disposal practices by sending disksto a
recycling center rather than to a landfill. Thisis one step
(among many) that Mueller could take to begin to close the
waste loop and keep its refuse from landfills and
incinerators.

Model Computer Disk Disposal Policy
Mueller Building, through its strong commitment
to environmental protection, seeks to reduce the
environmental impact of its computer disk use. In order to
accomplish this objective, the following step will be taken
during the disposal of al 3.5" computer disks:
1.Channél all 3.5" and CD computer disks to a building
collection bin and then to CAC lab or appropriate disk
recycling center.

For More Information
- GreenDisk Services, Manufacturer of High Quality
Recycled Disks, http://www.greendisk.com/

7. Communications/Computing Conclusion

All the communicating and computing occurring
in Mueller has a hidden biophysica side. Indeed,
propping up the reams of paper, the scores of copiers and
printers, and the piles of transparencies and diskettes are
tons of coal, tens of thousands of gallons of water, acres
and acres of forest land, and cavernous landfills. This is
the ecological support network for  Mueller
communications.

Recall that the overall goa of this analysis is to
reduce the ecological impact (“footprint*) of Mueller
Building by half or more. In the realm of communications
and computing, this goal is easily achievable:

e Paper: The forested land necessary to supply
Mueller's paper needs could be reduced from 8 acres to
less than 1 acre while reducing paper expenditures by
almost 60%.

e Computers/Printers:  The energy consumed by
Mueller's computers and printers could be reduced by
almost 40,000 kWh (a> 90% reduction).
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e Toners: The ink used in Mueller's printers could be
reduced by 33% and with a corresponding shift in type
of printers a toner cost reduction of 83% could be
realized.

Moreover, the Mueller waste associated with paper,

transparency, computer, printer and diskette disposal could

be dramatically reduced.

These improvements could be made without
compromising the research, teaching and administrative
functions of Mueller Lab and while realizing
approximately $15,625 in annual savings ($3,000 in paper
savings, $9,700 in computer-related savings; $425 in
printer savings; and $2,500 in toner savings).
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