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Abstract
Background: Health care facilities are extremely resource intensive operations due to the
multitude of equipment, environmental control requirements, and the constant monitoring
required for patient care. Since patient care is the top priority for health care facilities,
sustainability and resource efficiency had traditionally not been considered in their construction
and operation. This study assesses the cost-effectiveness of various resource reduction
opportunities at the Duke Ambulatory Surgery Center (ASC), an outpatient facility in the Duke
University Health system. A whole-systems approach was embraced and sustainability
opportunities were assessed through five focus areas: energy use, water use, waste generation,
opportunities for recycling, and green purchasing.
Methods: Based on discussions with the client, background research, and various analyses, it
was decided that the study would focus primarily on energy, water, and waste for measuring and
improving sustainability at the ASC. Energy and water audits were conducted to establish
baseline energy use data. A waste characterization was performed to identify the types of waste
being generated and their volumes. In addition, a two month pilot recycling program for mixed
beverage containers and mixed paper was implemented in order to assess the potential for a
permanent recycling program.
Results: There are a number of viable opportunities to reduce resource consumption as well as
costs. The yearly calculated energy use at the Center was estimated to be 367.75 MWh and by
installing occupancy sensors, 30 MWh can be saved which yields a savings of $2,141 per year
with a one to two year payback period. Water use can be reduced through autoclave and vacuum
pump modifications. By installing water economizer kits on the two ASC autoclaves and
encouraging ASC staff to close vacuum pump valves when suction devices are not in use, the
Center can expect a savings of $5,834 per year, a reduction of 648,000 gallons of water, and a
payback of less than one year. Waste stream reductions were also assessed and a two month
pilot recycling program showed that even though the return on recyclables and savings from
solid waste diversion did not offset the program fee, ASC staff members were excited about
recycling and a permanent program could help to engage employees around sustainability.
Conclusions: This study demonstrates opportunities to reduce overall ASC resource usage. The
detailed analysis shows that through technological and behavioral changes, significant cost
savings can be realized. The cost reductions estimated from energy and water initiatives could
be savings or applied to offset other environmental improvements, such as the recycling program
which would cost the Center $2,465 per year but also offers many intangible benefits. The ASC
can expect a total annual savings of $8,582 based on our recommendations. In addition, these
initiatives could be expanded to find additional opportunities for savings at the ASC and
throughout Duke University.
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I.

Introduction
Health care facilities are resource intensive operations and produce vast amounts of

waste. The Duke health care facilities are no exception and in order to address this issue, a
subset of the larger health system at Duke University was assessed to identify levels of
performance in regards to environmental sustainability. By evaluating baseline metrics in energy
and water use at the Duke Ambulatory Surgery Center (ASC or Center) as well as analyzing
waste streams and supply chain processes, opportunities to improve sustainability have been
identified.

II.

Problems to be Addressed
As with any health care facility, patient care is the top priority at the Duke Ambulatory

Surgery Center, meaning that sustainability is not a main area of concern. We aim to show the
value of sustainability to ASC staff so that they can embrace sustainability in their daily
operations in turn allowing them to reduce costs, waste, and resource use. This project includes
a broad analysis of sustainability at the Center by looking at facility operations to determine
energy consumption, water use, waste generation, opportunities for recycling, and product use.
Figure 1 illustrates the five focus areas being used to assess sustainability at the Center.

Figure 1: Five Focus Areas for Assessing Sustainability
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Due to the continuous use of its lighting system as well as the various medical devices
required for operations at the Center, the energy footprint of the ASC is enormous. This project
explored cost-effective energy efficiency measures that can reduce the amount of energy used by
a significant amount. Wasting water resources is also an issue of concern. Large amounts of
water are used to operate medical equipment and processing units as well as the heating,
ventilating, and air-conditioning (HVAC) system, so opportunities for reductions were assessed.

Often times, materials necessary for proper medical care are not environmentally
sustainable. Examples are the sterile blue wrap and drapes used in operating rooms. These
materials possess an outer lining composed of petroleum-based plastics which are not
biodegradable. Recycling services for collecting and reprocessing these materials were explored.
Finally, improper sorting and diversion of waste is a huge issue in health care facilities. The
ASC originally did not have a recycling program; therefore, all recyclables entered the municipal
solid waste stream at a high cost. A recycling program to divert waste from the landfill could
have both financial and environmental benefits.

III.

Background
The Duke University Health System consists of three hospitals: Duke University

Hospital, Duke-Raleigh Hospital, and Durham Regional Hospital. It also includes a number of
clinics and specialty centers throughout North Carolina. Within the main Duke complexes, we
have selected the North Pavilion, and more specifically, the Duke Ambulatory Surgery Center, to
focus our analysis and evaluation.

The Duke Ambulatory Surgery Center offers unique opportunities for analysis of
environmental sustainability issues in a health care setting. The Center is ideal in that our
sponsor, Dr. Stephen Klein, has a strong interest in sustainability and also has the commitment of
his staff to make changes. The ASC is an outpatient facility meaning that most patients are
released the same day. Although there is one small area of the Center that cares for overnight
patients, most of the facility is empty at night and on the weekend which creates a substantial
opportunity for savings.
4

Outpatient surgery services are, by definition, resource and energy intensive. Our goal is
to find methods for the Duke Ambulatory Surgery Center to reduce their consumption of
resources. Because of the smaller size of the facility, our recommendations can be implemented
more easily. If successful, initiatives at the ASC can be scaled up and applied to the larger Duke
University Health system. There is also potential for this analysis to be applied to other facilities
throughout the health care industry.

Greening the health care industry is not a new undertaking. Over the years, several
organizations have been established that strive to reduce waste and encourage the utilization of
environmentally friendly materials in health care facilities.

With the overarching goal of

improving health care sustainability, Practice Greenhealth has kicked off a Greening the
Operating Room (OR) initiative. As the OR is responsible for 20-30% of the waste produced in
a hospital setting, the significance of this initiative is clear.1 Other goals include reducing waste
and energy use as well as improving safety conditions for workers exposed to hazardous
materials. Such changes are almost guaranteed to reduce costs.

Waste reduction measures such as kit reformulation or plastic recycling can help improve
efficiency. 2 Kit reformulation involves a reevaluation of the supplies needed for basic surgeries
and the removal of extraneous materials. In one such case, reducing a chemotherapy kit from 44
to 27 pieces cut waste by 7,792 pounds and decreased costs by $104,658.3 Purchasing based
solely on what is needed is another strategy some health care facilities have implemented to
reduce waste.4

The blue wrap used for instrument packaging is being widely targeted due to its ubiquity
and the fact that it is relatively easy to recycle.

1

Carroll Hospital Center in Westminster,

Practice Greenhealth, Greening the Operating Room 2008 (accessed January 15, 2011); available from
http://www.practicegreenhealth.org/educate/greening/greening-the-or.
2
Practice Greenhealth, Greening the Operating Room (OR) Initiative Project Overview (accessed January 15,
2011); available from
http://www.practicegreenhealth.org/page_attachments/0000/0614/GOR_Project_Overview_Final.pdf.
3
Ingfei Chen, “In a World of Throwaways, Making a Dent in Medical Waste,” New York Times, July 5, 2010
(accessed January 18, 2011); available from
http://www.nytimes.com/2010/07/06/health/06waste.html?pagewanted=2&_r=1&hpw.
4
Ann Melamed, “Environmental Accountability in Perioperative Settings,” AORN Journal, June 2003, 77.
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Maryland implemented a blue wrap recycling program that reduced its red bag waste by 37% in
the first quarter of 2009 and saves the Center $76,500 annually. 5

Waste reduction can also come in the form of reprocessed medical devices meaning that
such devices are sterilized and reused. FDA regulations demand that reprocessing standards be
equivalent to those of new products and so there is no increase to patient risk.6 The Hospital
Corporation of America was able to reduce its waste by 94 tons by reprocessing some of its
medical devices.7

While supply reduction may be the best method for waste elimination, green purchasing
is another alternative. However, it is not a panacea to the problem. It does not address infectious
and pharmaceutical waste or the waste generated from equipment packaging. Therefore methods
of waste management must be considered as well. The first step in addressing waste is to
determine and segregate what can be recycled and reused.

In terms of energy, the Metro Health Hospital in Wyoming, Michigan saved energy by
switching from incandescent lights to compact fluorescent lights (CFLs) and light-emitting
diodes (LEDs) and installed motion-sensor light switches.8 CFLs use about 75% less energy and
produce 75% less heat than a standard incandescent bulb and also last 10 times longer.9 LEDs
emit essentially no heat and last 30 to 50 times longer than traditional incandescent light bulbs.10
NY Presbyterian Hospital invested $1.1 million in updating their 11,000 light fixtures and saves
$400,000 per year. This investment had a payback period of only 2.5 years.11

5

Daniel Cook, “6 Secrets to Sustainable Success.” Outpatient Surgery. April 2010, 13-15.
G. Kwakye, et al. “Commentary: A Call to Go Green in Health Care by Reprocessing Medical Equipment,”
Academic Medicine 85 no. 3 (2010): 398 (accessed January 5, 2011); available from
http://journals.lww.com/academicmedicine/Fulltext/2010/03000/Commentary__A_Call_to_Go_Green_in_Health_C
are_by.10.aspx.
7
Ingfei Chen, “In a World of Throwaways, Making a Dent in Medical Waste,” New York Times, July 5, 2010
(accessed January 18, 2011); available from
http://www.nytimes.com/2010/07/06/health/06waste.html?pagewanted=2&_r=1&hpw.
8
Daniel Cook, “6 Secrets to Sustainable Success,” Outpatient Surgery, April 2010, 13-15.
9
Energy Star, Light bulbs (CFLs) (accessed March 20, 2011); available from
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=LB.
10
Susan Strom, “Is Your Equipment Running As Efficiently As You Are?” Outpatient Surgery, April 2010, 5-11.
11
David Carpenter, “In Search of Efficiency,” Health Facilities Management (accessed February 12, 2011);
available from
6
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HVAC upgrades can also save a significant amount of money through reductions in
energy and water use. The McKenzie Surgery Center updated their HVAC system to run more
efficiently to save on energy and water usage and costs.12 Norwood Hospital invested $5,500 in
water saving retrofits and currently saves $13,750 per year. This is equivalent to a 0.40 year
payback period.13

Another opportunity for energy savings is in office equipment such as computers. Office
computing equipment uses a large amount of electricity and is expensive. Implementing “Green
IT” can help to reduce a facility’s carbon footprint and electricity costs. Using low-power
hardware that relies on servers can “save $6,000 in electricity costs annually for a facility using
100 computers.”14 In addition, creating a green data center can reduce energy consumption by
30%.15 Purchasing Energy Star or EPEAT appliances has also proven to save energy and cut
costs. Larger equipment not in constant use such as MRI machines, are difficult to find in more
efficient models and do not have a great impact on the building’s overall energy use. 16 Given
time constraints and larger energy savings opportunities in lighting, our group did not address
office computing opportunities in this analysis.

Incorporating sustainable products into Center operations is another objective.
Petroleum-based curtains and sheets are not reused and end up in landfills.

One potential

alternative to such sheets is being developed at the College of Textiles at North Carolina State
University. They are developing “environmentally sustainable polymers and fibrous structures
that have the potential to degrade after use.”17 In addition, washing and reusing surgical gowns
consumes fewer resources as compared to disposable gowns. 18 In general, green products

http://www.hfmmagazine.com/hfmmagazine_app/jsp/articledisplay.jsp?dcrpath=HFMMAGAZINE/PubsNewsArticl
eGen/data/2006June/0606HFM_FEA_EnergySurvey&domain=HFMMAGAZINE.
12
McKenzie Surgery Center (accessed on October 1, 2010); available from http://www.mcksc.com.
13
North Carolina Department of Environment and Natural Resources, Division of Pollution Prevention and
Environmental Assistance, “Water Conservation Checklist: Hospitals/Medical Facilities,” August 2002 (accessed
on March 20, 2011) available from http://www.p2pays.org/ref/23/22006.pdf.
14
Susan Strom, “Is Your Equipment Running As Efficiently As You Are?” Outpatient Surgery, April 2010, 5-11.
15
Id.
16
Id.
17
North Carolina State University, College of Textiles (accessed October 1, 2010); available from
http://www.tx.ncsu.edu/research_industry/researchgroups/biomedicaltextiles/research/?topic=featured-research.
18
Catherine Zimmer, “Making the Case for Leaner, Greener Surgical Supplies,” Outpatient Surgery, April 2010, 1619.
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require less energy, water, and material inputs thus reducing waste at the beginning of a
product’s lifecycle. 19 By purchasing reusable items such as containers and instrument trays,
health care facilities have eliminated wasteful packaging and saved money. 20

IV.

Methods/Discussion of Sustainability Metrics for the ASC Project
Based on discussions with our client, background research, and various analyses, we

decided to focus on three main metrics for measuring and improving sustainability at the ASC.
The first metric was energy. To find energy reduction opportunities, the project focused on the
four largest consumers of energy in the building: lighting; heating and cooling (HVAC); water
heating; and medical devices. By utilizing floor plans, WattStopper data loggers, and energy
models, we were able to obtain baseline energy use data.

Working with our client, we

determined both behavioral and technological energy use reduction strategies that were costeffective.

Our second metric, water, is another resource that the Center utilized in large quantities
and a variety of technologies were explored that would reduce operational water use and lower
the Center’s water footprint. The third metric, waste management, encompassed many facets
including municipal solid waste, biomedical waste, and the introduction of a two month pilot
recycling program.

There were six criteria we focused on when evaluating the viability of potential resource
reduction opportunities.

These included patient care; ease of implementation; return on

investment; payback period; initial upfront costs; and employee buy-in. In addition, we needed
to keep in mind potential limitations to implementing our recommendations, including regulatory
constraints and the dynamic nature of the Center. Again, patient care was the top priority and
recommendations that could potentially increase patient risk were not considered.

19

Catherine Zimmer, “Making the Case for Leaner, Greener Surgical Supplies,” Outpatient Surgery, April 2010, 1619.
20
Id.
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In terms of methodology, a literature review was first conducted to gain a working
knowledge of health care energy, water and waste systems. Energy and water audits were then
performed to establish baselines and a waste characterization was conducted to identify the types
of waste being generated and their volumes.

Finally, interviews with various stakeholders

including doctors, nurses, and engineers furthered our understanding of how this fast-paced
outpatient surgery center operates.

1. Energy Analysis
A. Hospital Energy Use
Hospitals are extremely energy intensive operations. The multitude of equipment and the
constant monitoring required for patient care all necessitate vast amounts of energy. In addition,
the day to day operations of a health care facility contribute significantly to overall energy
consumption. Since health and patient care are top priorities, hospitals are often built without
considering sustainability and energy efficiency opportunities. Therefore, hospitals have a very
high potential for energy savings.

Around 10% of primary energy savings, which include

lighting and temperature control, can be achieved within one year without any significant
investment.21

By performing a simple walkthrough inspection, areas with inefficient activity or
equipment can be identified and corrected without a detrimental effect on comfort or health care
operations. For example, energy could be saved in areas of low activity by simply training the
staff to turn off the lights when the space is not in use. Other simple actions that could be
undertaken include ensuring that thermostats and temperature control timers are accurately set as
well as checking the ventilation system for leaks. Changes to the fundamental energy structure
of the building to improve efficiency are another possible method for energy savings. However,
these measures would require working capital as well as alterations to the complex energy
systems which most hospitals possess. This in turn could impact other aspects of hospital
operations.
21

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies, Saving Energy with Energy
Efficiency in Hospital, 1997 (accessed February 5, 2011); available from http://www.fireitalia.it/eell/ospedali/energy_efficiency_in_hospitals_maxi_brochure_5_CADDET.pdf.

9

B. Energy at the ASC
In focusing on energy efficiency and use reduction at the ASC, it is important to note the
fundamental differences between the Center and more traditional hospitals. The ASC is an
outpatient surgery center meaning that the surgeries conducted there do not usually require
patients to stay overnight for healing or observation. Unlike larger hospitals, ASC staff observes
a more traditional office schedule with an opening and closing time and decreased occupant
activities during downtime hours. This distinction in operation schedules is important from an
energy savings perspective as it provides unique opportunities for energy use reduction when
compared to a traditional hospital operating fulltime.

With occupancy determined by a relatively set schedule, energy efficiency measures such
as switching off lights will be much easier to implement as there is less time where such
measures would interfere with occupancy activity.

This schedule also allows lights to be

dimmed or completely turned off in areas where occupancy is determined to be zero during the
night. The diminished number of staff that remains in the Center at night also allows for the
manipulation of the HVAC system. For instance, room temperature can be adjusted as well as
ventilation rate, in order to save energy. Because of this, the system will run at reduced capacity
in non-essential areas during evening hours.

The reduction of energy use in both the lighting system and the HVAC system were
considered the main focus of this project due to the advantages presented for implementing
energy efficiency and cost saving measures. In addition, areas of energy use that were also taken
into account, but placed at a lower priority, included energy savings possibilities from the hot
water system as well as medical equipment used by the Center in day-to-day operations.
C. Energy Baseline
The recommended energy efficiency measures are based on baseline energy loads which
represent the current energy footprint of the Center. These calculations act as a standard to
which the results of the measures can be compared. The determination of this energy baseline
was split into several components. The energy usage from the lighting, HVAC, and water
heating systems were assessed individually.
10

i. Lighting
An energy audit was conducted to develop the baseline energy use for the lighting
system. Blueprints were acquired from a staff engineer at the Duke University Medical Center
engineering and operations division. These blueprints contained a comprehensive listing of
location and fixture type of every light in the ASC. A lighting fixture schedule was also included
in the blueprints detailing the wattage used by each type of fixture. The number of light fixtures
was determined through manual counting of each type of fixture that appeared on the blueprints
(see Appendix A for ASC blueprints). An excel model was then developed to calculate the
energy usage of the lighting system at the ASC. In the excel model, each type of fixture was
multiplied by the appropriate wattage as indicated on the lighting fixture schedule and then
summed to determine total lighting energy use at the ASC.

Since the blueprints were issued during construction of the North Pavilion, the
information contained in the blueprints is approximately fifteen years old. To determine if any
of the light fixtures deviated from blueprint specifications a walkthrough of the facility was
conducted. During the walkthrough inspection, it was ascertained that the fixtures were still
identical to the ones indicated on the blueprint. It was also determined that the bulb type and
wattage also remained as indicated on the blueprints. This was confirmed by the maintenance
mechanic responsible for the North Pavilion.

From the excel model it was determined that instantaneous power draw at the ASC when
all the lights were in use amounted to 75 kilowatts. This translates to 1.8126 megawatt hours
(MWh) of energy use per 24 hours or 12.6882 MWh per week. In contrast, the electricity usage
of an average household in the United States amounts to approximately 1.1 MWh over the course
of a year.22 For a more accurate representation of the lighting use at the ASC, the downtime
when the lights are switched off needed to be taken into account. A survey of the staff was
conducted to determine the approximate hours that the lights were active in each area within the
ASC and the resulting information was then factored into the model. With the off-time factored

22

Energy Information Administration, “End Use Consumption of Electricity” 2001 (accessed on February 14, 2011);
Available from http://www.eia.gov/emeu/recs/recs2001/enduse2001/enduse2001.html.
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in, the energy use was reduced by approximately half to 7.07 MWh per week, as can be seen in
Table 1.

Table 1: Energy Use at the ASC vs. A Typical American Home
Energy Use in MWh
24 Hr Continuous Use

Survey Adjusted Use

Typical American Home

Total Weekly

12.69

7.07

0.02

Total Yearly

659.79

367.75

1.1

For energy saving measures, it was decided that focusing on reducing extraneous lighting
usage would be the easiest and the most cost-effective strategy. Switching the lights off when an
area is not in use does not require any investment save behavior modification while the
installation of occupancy sensor switches do not require a significant capital investment. Several
areas were identified as excellent candidates for lighting use reduction measures including the
hallways and the employee break room. According to ASC employees, the lights in the hallways
were never turned off which represented energy waste at night when activity in the hallways was
nonexistent to minimal. In the employee break room an identical situation persisted.

However, for some areas, lighting behavior accounts differed between staff. To ensure
accuracy, WattStopper light and occupancy sensors were installed in the service hallways, the
patient waiting area, the employee break room, as well as pre-operative holding and post
anesthesia care to determine light usage and occupancy trends. These sensors were placed in
proximity to a light fixture and used a light sensitive instrument to determine lighting activity
over a time period. A motion sensor pointed towards the ground revealed occupancy in the area
over the same time period. Results gathered from the WattStopper sensors are discussed in the
Results/Discussion section.

Once light and occupancy behavior has been determined for each specific area, a lighting
schedule tailored to the area can then be developed. Such a schedule would involve dimming or
switching off the lights when occupancy is low or nonexistent. The lowering of lights can be
accomplished with timers and motion sensor switches.
12

Areas with occupancy trends that

followed a strict schedule would use the timers to set the lights to go off during times of low
activity.

Motion sensor switches would complement these timers so that when a need for

lighting in a particular area arises, these sensors automatically switch the lighting on for the
occupant.

These sensors would also be used for areas with intermittent or unpredictable

occupancy since timers are unable to account for activities in such areas.

ii. HVAC and Water Heating
The HVAC system for the ASC is powered by two air handling units located in a
maintenance space above the Center. The energy usage for the operation of the air handling
units was easy to calculate due to the known energy draw specification of the units. The energy
required for heating and cooling the ASC was more difficult to obtain. Steam is used to heat the
circulating water inside the ventilation system to provide heating to the ASC. In order to obtain
the energy requirements for space heating, the amount of water that is pumped through the
HVAC system and the temperature gradient between the heating source and the area to be heated
must be identified.

Both of these numbers were obtained from a staff engineer at Duke

University Medical Center engineering and operations.

Using a standard formula 23 it was

calculated that the heating component of the HVAC system required 801,250 btu/hr which
extrapolated out 24 hours and converted to MWh is equal to 5.635 MWh.24
The cooling component was modeled using TRANE’s Trace 700 software. The software
required numerous inputs regarding building specification and usage in order to determine the
cooling load required for the building. These inputs were gathered from blueprint specifications
as well as operation reports.

After running the Trace 700 software model, the cooling

component of the ASC HVAC system is estimated to use approximately 6 MWh of energy per
24 hour period. Therefore the combined energy draw for a 24 hour period of the ASC HVAC
system is approximately 10 MWh which is more than the behavior-adjusted weekly energy draw
of the lighting system. However, according to a staff engineer at the Duke University Medical
Center engineering and operations, the HVAC unit was designed to operate very efficiently from
the outset. Any improvements aimed at increasing energy efficiency in the HVAC system would

23
24

Energy transfer for HVAC in btu = 500 x gallons per minute x temperature change
Conversion rate between btu and kWh is 3412.3 btu = 1 kWh
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have very small gains or would be very difficult and costly to implement. As a result of the
limitations set forth by our client at the commencement of the project, consideration of the
HVAC system for energy efficiency measures were dropped in favor of focusing on the lighting
system.

The water heating energy use was determined using the same method as the lighting
energy audit by using a blueprint, acquired from engineering and operations, containing
information on all water fixtures in the ASC. The number of fixtures and fixture schedule was
entered into a plumbing water calculator model developed by ASHRAE 25 to determine water
usage to be approximately 200,000 gallons per month. The hot water usage was then separated
from total consumption and entered into a standard formula.26 Based on this formula, hot water
energy usage was determined to be 306,250 btu/hr or 89.75 kWh/hr. This is a very rough
estimate due to the variability of water use at the ASC. Obtaining an accurate estimate of water
heating would have required extensive monitoring of all water sources, which was beyond the
scope of our project. More importantly, the majority of hot water use at the ASC is essential for
procedures and services that are mandated by ASC operations leaving little opportunity for
modification. Instead, the conservation focus was shifted to the reduction of water use at the
ASC which would in turn reduce the amount of energy used to provide hot water simply because
less water is being used at the ASC overall.

2. Water Analysis
A. Sterilizers
The ASC consumes large volumes of water with an estimated use of 200,000 gallons per
month (see Appendix B). Water is used for medical needs such as surgical equipment as well as
domestic needs such as hand washing.

Steam sterilizers, or autoclaves, are used to

decontaminate materials and medical instruments and are also water intensive.

Medical

instruments and equipment are sterilized onsite at the Center in autoclaves. Decisions based on

25
26

American Society of Heating, Refrigerating and Air-Conditioning Engineers
Hot water energy usage in btu = 500 x gallons per minute x temperature change
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reprocessing methodology, such as sterilization, are usually incorporated into patient risk
decisions and cost analyses.

The autoclaving process uses steam to sterilize by heating materials on average to 250 °F
at 15 pounds per square inch (psi) for 15 minutes.27 Unwrapped items can be sterilized for 3
minutes at 270 °F and 30 psi. 28 After being used for the purpose of sterilization, the condensate
from this steam is disposed of down the drain but must be cooled beforehand to 140 °F. 29 Cold
city water is used to temper the hot condensate. Even if the sterilizer is not in operation, city
water is continuously streamed in which is a huge waste of water resources and money.

Water economizer kits can be added to sterilizers to improve water efficiency without
interfering with the function of the sterilizer or the cycle time. Economizer kits sense the
temperature of the condensate and control the flow of cold water used in the process of predisposal cooling. The cost of adding a kit to an existing sterilizer is approximately $2,000.30
Water and cost savings can be significant with the installation of these kits and the payback
period is very short, with an expected water savings of 324,000 gallons per year and a financial
savings of $2,917 per year, assuming the cost of water to be $0.01/gallon (water and sewage fee)
(see Results/Discussion section for further details).

At the University of Washington, an aggressive water conservation program was
implemented which included the installation of a number of water-saving technologies. These
included cooling tower upgrades, equipment repairs, waterless urinals, low-flow toilets,
replacement of water cooled vacuum pumps with air cooled pumps, water efficient clothes
washers, and upgrades to sterilizers. 31 The most significant and cost-effective upgrade was the
installation of water conservation kits on the sterilizers. In response to widespread drought from
2007 through 2009, Duke University installed economizer kits on sterilizers in research facilities.

27

Alfa Medical Equipment, Autoclave Temperature and Time Pressure Chart, (accessed February 20, 2011);
available from http://www.sterilizers.com/autoclave-time-temperature-pressure-chart.html.
28
Id.
29
Personal communication with Energy Engineer at Duke University. In-person Interview February 14, 2011.
30
Id.
31
Roger E. Van Gelder, “Field Evaluation of Three Models of Water Conservation Kits for Sterilizer Trap Cooling
at University of Washington” (University of Washington, 2003).
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These kits have proven successful in such facilities with annual water savings of 134,400 gallons
and annual monetary savings of $1,344.

Considering the short payback period of less than one year, substantial water and cost
savings, and a record of success in other facilities, economizer kits can be a worthwhile
investment for the ASC to improve water efficiency and save money.

This is a valuable

opportunity for the ASC in their long-term strategic planning. The Center operates two large
load steam sterilizer units which run 24 hours per day and without kits controlling water flow in
the pre-disposal cooling stage, natural and financial resources are being unnecessarily wasted.

Staff at the ASC expressed a concern that economizer kits may impact the sterilization
process of reusable medical instruments. However, installation of the kit does not impact the
steam sterilization process whatsoever. As can be seen in Figure 2, these kits save resources
post-sterilization in the phase where city water is piped in to temper outgoing condensate. As a
result, the sterilization chamber is not impacted in any way; therefore, sterility of medical
instruments is not a concern.
Figure 2: Water Economizer Kit with Retrofitted Area Circled 32

32

Spirax Sarco, Filtered Steam Supply to Autoclave (accessed February 11, 2011); Available from
http://www.spiraxsarco.com/fr/applications/examples/clean-steam/pressure-reducing/filtered-steam-supply-toautoclave.asp.
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B. Vacuum Pumps
In the medical field, suction units are commonly used to clear airways or incisions made
during surgery. Vacuum pumps are used in these devices to create differential pressure which
allows for liquid and other small materials to enter at the suction or low pressure end of the
device and to be forced out at the high pressure end. Water is used to create this difference in
pressure in the system. In addition, vacuum pumps are used in sterilizers to move water and
condensate through the system. The vacuum pumps in both the suction units and the sterilizers
at the ASC operate in cycles and the vacuum valves are often never closed. As a result, the
vacuum equipment operates more than necessary and water is wasted.

If not operated properly vacuum pumps present a substantial opportunity for water
savings. As in many health care facilities, ASC staff is accustomed to leaving vacuum pump
valves open all day which means that even when suction devices are not being used, the devices
are still producing suction which requires water. If these valves are closed when the devices are
not needed, the machine will stop pulling water to create the differential pressure needed for
suction after the system reaches a certain pressure. 33 This change in behavior can save a
significant amount of water which translates to cost savings for the Center. Although changing
this behavior among staff may be difficult, one option would be to invest time into proper
training which would encourage staff to get in the habit of closing vacuum valves when
appropriate. By encouraging changes in behavior throughout the day, even if large savings will
not be realized during normal business hours, ASC staff can become accustomed to closing
vacuum pump valves making it easier to implement behavioral changes during nighttime hours
and over the weekend when large opportunities for savings exist.

Additionally, an efficiency kit could be placed on each vacuum pump to decrease water
use.

34

These kits restrict water flow and reduce water consumption by approximately 4.5 gallons

per minute for each vacuum pump system in which they are installed.35 In addition, it may be
feasible to turn these units off at night to save water, as long as functionality is not impeded

33

Personal communication with Energy Engineer at Duke University. In-person Interview April 11, 2011.
Personal communication with Energy Engineer at Duke University. In-person Interview February 14, 2011.
35
Id.
34
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when the units are needed during hours of operation, but closing vacuum pump valves should
serve the same purpose.

3. Waste Analysis

Waste streams at the ASC come in many varieties as Figure 3 illustrates. Municipal solid
waste or bulk waste can be sorted into various divergent streams. Some materials can be
recycled, others go straight to the landfill, and still others are considered hazardous and must
undergo special treatment prior to disposal. The Center’s primary supplier, Cardinal, is
responsible for repackaging products and is thus an integral part of the Center’s solid waste
supply chain. Municipal solid waste streams are assessed in our analysis with the goal of
decreasing outgoing waste and implementing an effective recycling program at the Center.

Figure 3: A Flowchart of Waste at the ASC

Generated
Waste
Recycle/Reuse

Uncontaminated

Hazardous

Pharmaceutical

Medical
(Red Bag)

A. Municipal Solid Waste
In order to determine an accurate waste baseline, the mass of waste being picked up from
the North Pavilion was obtained from the sanitation office at Duke University’s Facilities
Management Department. Waste pickups by Duke occur once per week and are monitored by a
ticket number in order to track the waste stream. The estimated cost to the North Pavilion for
trash removal services per year is $11,345.38 assuming a disposal or tipping fee of $42.50 per

18

ton. 36 Waste generated at the ASC was calculated using a conversion factor for municipal solid
waste production based on square footage as described in Table 2.
Table 2: Comparison of Area Occupied to Amount of Waste Produced at the ASC37

Offfice Space
•1 pound per square foot

Occupied Bed
•16 pounds per square foot

Based on these assumptions, the following municipal solid waste stream masses were
determined. Figure 4 depicts the estimated mass of municipal solid waste produced by and
removed from the ASC over the past year. The ASC conducts on average 35 surgeries per day.38
These estimates were used in our solid waste calculation with the assumption that the Center
operates 5 days per week, 52 weeks per year and that the generated waste volume from a single
occupied patient bed was similar to that of a single surgery.

Figure 4: Annual Municipal Solid Waste Produced at the ASC (2010)

Office space:
59 tons

Patient beds: 73 tons

Annual Total: 132 tons

36

Personal communication with Assistant Research Professor in Community and Family Medicine and
Environmental Sciences & Policy at Duke University. E-mail February 18, 2011.
37
Personal Communication with Facilities Management. E-mail March 21, 2011.
38
Personal Communication with ASC Nurse. E-mail March 26, 2011.
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Given these assumptions, the ASC produces approximately 132 tons of municipal solid waste
per year. At a cost of $42.50 per ton, the yearly cost estimated for processing ASC waste is
$5,610. In addition, it is believed that actual ASC waste generation is higher than this amount as
the calculations do not take into account the added waste generated from the 9 operating rooms
within the Center.
B. Hazardous Waste
Characteristics of hazardous waste materials include anything that is toxic, corrosive,
ignitable, or reactive.

Figure 5 illustrates the differences between hazardous waste

characteristics. 39 A material possessing any one of these four characteristics is considered
hazardous and is subject to federal and state regulations in terms of handling and disposing of the
material.
Figure 5: Characteristics of Hazardous Waste40
•Toxicity Characteristic
Leaching Procedure
(TCLP)
•TCLP-wastes that
could leach harmful
levels of
contaminants

•pH ≤ 2
•pH≥12
•Acids or bases capable of
corroding metal

Toxic

Corrosive

Reactive

Ignitable

•Unstable during
normal conditions

•Can cause fire under
certain conditions,
spontaneously
combustible

39

North Carolina Department of Environment and Natural Resources, NC Division of Waste Management,
Pharmaceutical Waste Guidance document (accessed March 24, 2011); Available from
http://portal.ncdenr.org/c/document_library/get_file?uuid=60c73101-88c9-41ca-b8b33f23faf54459&groupId=38361.
40
Lisa Lauer, Environmental Protection Agency, “RCRA and Pharmaceutical Waste Management: A Brief Federal
Overview,” 2010 (accessed March 12, 2011); available from
http://www.epa.gov/aging/resources/presentations/2010_0112_rcra_psi_call.pdf.
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Within the hazardous waste category are two subcategories: medical waste and
pharmaceutical waste. These materials are subject to state and federal disposal regulations which
the ASC must comply with.

i. Medical/Biohazard Waste
Medical and biohazard waste generation has a large impact on sustainability efforts at the
Center. According to the Environmental Protection Agency, medical waste includes “any solid
waste that is generated in the diagnosis, treatment, or immunization of human beings.”41 This
includes pathological waste, which is human tissue, blood or body fluids and any dressings
associated with such materials.42 The medical waste volume is relatively small in comparison to
municipal solid waste with estimates of regulated medical waste ranging between 9% and 15%
of the total waste stream in North Carolina.43 Sharps waste (syringes), can be another type of
medical waste. Sharps waste currently does not require treatment prior to disposal in North
Carolina. Instead it must be disposed of in a solid container that is puncture resistant. However,
all sharps waste from the ASC is treated prior to disposal.44

Medical waste has specific storage and transport requirements.

According to North

Carolina state regulations, medical waste must be enclosed in a plastic bag and a cardboard box
or drum. The box must be labeled with the biohazard symbol as well as either medical or
infectious waste labels and should include such information as the date it was shipped, the
contact information (name, address, phone number) of the generator of the waste, the transporter
of the waste as well as the storage and treatment centers. 45 These materials need to be disposed
of carefully and have an added price tag as a result. The Center is currently charged a rate of
$0.19 per pound for the treatment of medical waste. Appendix C details 2010 medical waste
volumes and costs at the ASC. Disposal of medical waste this past year cost the Center over
$9,000.

41

Environmental Protection Agency, Medical Waste (accessed March 12, 2011); available from
http://www.epa.gov/osw/nonhaz/industrial/medical.
42
North Carolina Department of Environment and Natural Resources, Division of Waste Management (accessed
March 12, 2001); available from http://wastenot.enr.state.nc.us/swhome/look97.htm#intro.
43
Id.
44
Id.
45
Id.
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Since red bag waste needs to be specially treated prior to disposal, the presence of
extraneous materials in medical waste bins results in a greater impact in terms of necessary
treatment as compared to disposing traditional bulk waste. Proper treatment of red bag waste
consists of closed loop incineration or by autoclaving (steam sterilizing) the materials and then
landfilling the waste according to the Resource Conservation and Recovery Act (RCRA)
guidelines for medical and hazardous waste. 46 Through treatment, medical or red bag waste is
decontaminated before it enters the solid waste stream.

Medical waste from the Center is sent offsite to Charlotte, North Carolina to be
autoclaved resulting in a large carbon footprint due to the 2.5 hour transport time.

Other

treatment options include chemical and microwave treatment, however autoclaving of the
materials is the preferred method. In addition, autoclaving has become popular in light of the
potential environmental and human health impacts related to incineration, which was the
previously accepted method of treatment for waste prior to being disposed of in a landfill. In the
mid-1990s, there were approximately 5,000 incinerators in operation, while today that number
has been reduced to 100.47 The staggering number of incinerators that have been closed since
the mid-1990s is evidence of the increasing use of autoclaves in the health care sector.

ii. Pharmaceutical Waste
Pharmaceutical waste is a complex process and only a small fraction of the total volume
of chemicals being utilized and disposed of at the ASC was assessed. Glass waste from the
Center is stored in specific boxes and picked up by Philips Services Corporation (PSC) who is
contracted through Duke’s

Environmental

Programs

Division.

48

Alternatively,

if

pharmaceuticals remain in the container then it is placed in the biohazard bin. If the remaining
liquid is toxic, for example a radioactive chemotherapy drug, then it is placed in a distinct
container that is picked up by the Environmental Protection Agency (EPA). 49 According to
North Carolina regulations, any hazardous pharmaceutical waste must be handled by a medical
46

Environmental Protection Agency. Medical Waste Regulations (accessed January 11, 2011);
http://www.epa.gov/wastes/inforesources/pubs/orientat/rom52.pdf.
47
Health Care Without Harm, Waste Management (accessed January 11, 2011); available from
http://www.noharm.org/us_canada/issues/waste.
48
Personal communication with Assistant Research Professor in Community and Family Medicine and
Environmental Sciences & Policy at Duke University. E-mail April 26, 2011.
49
Personal Communication with ASC Nurse. E-mail March 30, 2011.
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waste transporter and brought to a hazardous waste incineration or disposal facility. 50
Pharmaceuticals are divided into two categories; endocrine disruptors and hazardous
pharmaceutical wastes.51 The EPA has currently proposed including hazardous pharmaceutical
wastes in the federal universal wastes program. By adding these pharmaceuticals to the list, the
hazardous materials would be more closely regulated, and as a result, human health and the
environment would be increasingly protected. 52 If the proposal goes into effect, health care
facilities such as the ASC will be subject to compliance.

V.

Recycling Programs

1. Pilot Recycling Program
Recycling at the North Pavilion was very rudimentary with only one recycling drop off
location which was not readily accessible to the Center. Orange Recycling picks up bales of
cardboard from the North Pavilion loading dock, which includes cardboard from the ASC, but no
other recycling programs were in place specifically within the ASC. As a result, our team began
a pilot recycling program at the Center serviced by Orange Recycling. Frequent conversations
with the owner of Orange Recycling allowed us to develop a plan and monitor the monthly
volume of recyclables being recovered at the Center.

Recycling at the Center had two main objectives; to implement an effective recycling
program and to increase environmental education and awareness among staff. A pilot recycling
program was implemented for traditional recyclables such as aluminum, glass, and plastic as
well as newspaper and magazines. It was decided that a two month trial period would provide
our team with accurate baseline numbers necessary to determine the cost-effectiveness of
recycling at the Center. A tour of the Center revealed two high traffic areas in which to place the

50

North Carolina Department of Environment and Natural Resources, NC Division of Waste Management,
Pharmaceutical Waste Guidance document (accessed March 24, 2011);
http://portal.ncdenr.org/c/document_library/get_file?uuid=60c73101-88c9-41ca-b8b33f23faf54459&groupId=38361
51
Id.
52
Environmental Protection Agency, Proposed Universal Waste Rule for Pharmaceuticals (accessed March 15,
2011); available from http://www.epa.gov/osw/hazard/wastetypes/universal/pharm-rule.htm.
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36 gallon bins. 53 One mixed beverage container bin and one mixed paper bin were housed in the
OR break room adjacent to the soda machine. Another mixed beverage container bin was placed
in a utility room near a refrigerator where patients’ drinks are prepared.

The ASC follows the School of Medicine’s recycling program and so different materials
can be recycled in comparison to the Duke University Health System. A marketing flier in
Appendix D depicts the types of materials collected and their respective bins. Plastics, glass, and
aluminum are commingled in one mixed beverage container bin while newspapers and
magazines are commingled in a mixed paper bin.

Recyclable pickups occurred twice per week and the mass of the materials collected were
reported back to our team at the end of the first month of the pilot program. Based on these
findings, we estimated the mass of recyclables being diverted from the bulk waste stream and the
cost savings generated from this diversion. Our tour of the Center also revealed that the vending
machines offered beverages in aluminum cans. Orange Recycling informed us that this material
had a reasonable return, unlike plastic soda bottles which have little value. The goal of the
recycling program was to be cost neutral, however this was not feasible given the low returns for
mixed paper and beverage containers and the exclusion of cardboard from the pilot program.
Table 3 summarizes the returns for various materials such as plastic bottles and cans. These
values fluctuate frequently depending on the market for various recyclables. Orange Recycling
pays $0.05 per pound for mixed beverage containers to the Duke University Health System
(DUHS) as monitoring exact amounts of plastic, glass, and aluminum bottles is difficult in a
commingled recycling bin. 54 Mixed paper sees a return of $115 per ton. 55

53

Personal communication with Owner of Orange Recycling. Phone Interview January 25, 2011.
Personal communication with Owner of Orange Recycling. E-mail April 11, 2011.
55
Id.
54
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Table 3: Return on Mixed Beverage Recyclables as of April 2011
Return Value
Materials

($/lb)

Aluminum

$0.50

Glass

$0.01

Plastic

$0.02

In order to accomplish the recycling program’s second objective of increased
environmental education and awareness, we decided to make the program a competition. Our
client had expressed a strong interest in having a competition and as a result our team reached
out to contacts at the Duke Eye Center and established sites for bin placement at this facility.
The program began in early March and the competition concluded in early April. Recyclable
masses were determined and sent to our team at the beginning of April in order to compare the
two Centers and determine a winner of the recycling competition. Results can be seen in Figure
6 below.

Figure 6: Results of One Month Recycling Competition

ASC

847 lbs

Eye
Center

810 lbs

The ASC was the winner of the recycling competition with 847 pounds of recyclables
collected. The two Centers agreed that the losing team would buy lunch for the winning team at
the end of the month-long pilot creating an added incentive for recycling.

Although the

competition concluded after one month, bins remained an additional month in order to measure
the amount of recyclables collected with and without a competition. It is expected that staff
participation will decline without the atmosphere of a fun rivalry between the Centers. By
making the recycling pilot a competition, staff participation was encouraged. In addition, the
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competition allowed our team to educate staff on sustainability opportunities in the health care
field in a very visible way.

Marketing of our recycling program occurred on many fronts. We started by composing
a draft e-mail which was sent to all staff at the Centers describing the competition and including
fliers that could be placed on walls and in staff mailboxes to spread awareness (see appendix D).
We also considered attending staff meetings and giving a short presentation but due to time
constraints this was not feasible. We worked closely with nurses and administration at both
Centers to encourage them to spread the word to other staff members. In addition, we aimed to
give weekly updates to the Centers describing their progress but this was not feasible as Orange
Recycling compiles results at the end of their monthly pickup schedule.

This recycling pilot encompassed traditional recyclables such as bottles and cans.
However, the ASC generates many other materials that have the potential to be recycled. One
such group includes the various glass pharmaceutical vials used at the Center. However, Orange
Recycling is unable to recycle these glass bottles with various boron contents due to dangerous
conditions created during the recycling process. As a result, our group did not further explore
recycling opportunities for pharmaceutical glass vials.

By diverting recyclables from the main waste stream, a reduction in the solid waste
stream of approximately 5 tons annually was realized. This resulted in an annual savings of
$212.50 in tipping fees. In the state of North Carolina, plastic soda bottles are banned from
landfills, so ensuring that plastics are not present in the bulk waste stream has become more
important in recent years. Failure to comply with these regulations can result in the waste being
excluded from the landfill and sent back to the Duke Hospital System for sorting and/or a large
fine.

2. Blue Wrap Recycling
Frequently found in the bulk waste stream are copious amounts of blue wrap plastic used
to wrap sterilized materials such as medical devices, instruments, and surgery kits. Sterile blue
26

wrap makes up approximately 20-30% of the waste stream generated by surgical services in the
health care industry.56 Blue wrap is used to cover medical devices and surgical instruments to
prevent contamination. It is made of polypropylene which is traditionally recyclable and has the
resin identification code of 5.
Polypropylene is durable but cannot be sterilized and reused in the health care setting. In
addition, this material cannot be recycled through traditional recycling services due to potential
contamination with glass from the glass instruments that it is wrapped around.57 As a result,
there are new recycling services available specifically for medical blue wrap and we have
explored two of these options; one through Orange Recycling and another through Waste
Management.

Orange Recycling offers a waste-to-energy incineration option costing approximately
$200 per ton. The service offered by Orange Recycling would allow for both blue wrap and
plastic wrapping to be converted to fuel through incineration. Table 4 depicts the breakdown of
waste-to-energy incineration costs through Orange Recycling. After this material is collected,
Orange Recycling transports it to Baltimore, Maryland where it is turned into energy. There is
currently a waste-to-energy plant in North Carolina but it is restricted in the locations it can
accept waste from. 58 If these restrictions are lifted, there may be a more viable and cost-effective
opportunity nearby for turning blue wrap and plastic waste into fuel.
Table 4: Costs of Waste-to-Energy Incineration through Orange Recycling (2009 data)59
Waste to Energy

$150/ton

Transport Charge

$30/bale

Baling Fee

$30/ton

56

U.S. Environmental Protection Agency, Environmental Best Practices for Health Care Facilities, “Reusable Totes,
Blue Wrap Recycling and Composting,” November 2002 (accessed February 20, 2011); available from
http://www.epa.gov/region9/waste/p2/projects/hospital/totes.pdf.
57
Personal communication with Director at Waste Management. In-person Interview April 22, 2011.
58
Personal communication with Owner of Orange Recycling. Phone Interview March 14, 2011.
59
Personal communication with ASC Nurse. In-person Interview March 4, 2011.
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Waste Management uses blue wrap as feedstock into other plastic production processes.
The recovered blue wrap is reprocessed into pellets and used to create such materials as plastic
garbage bins. 60 Costs are variable and can change in terms of other concurrent services but are
estimated to be around $0.11 per pound.61 Savings can be achieved through a reduction in bulk
waste volume and associated fees through blue wrap diversion. The ASC can get returns of
$0.20 to $0.25 per pound which translates to a conservative estimate of $400 per ton for
recycling their blue wrap and plastic waste via Waste Management. However, this return does
not include transportation costs which can vary depending on the volume produced, the
frequency of pickups, and the distance to the recycling center.62

The ASC currently discards blue wrap in municipal solid waste bins. The Center could
benefit from investing in these recycling services as recycling blue wrap provides an opportunity
to transform the material from a waste to a commodity. The financial viability of such recycling
programs would depend on the service fee and return per ton for the blue wrap material.

A large volume of mixed plastic and blue wrap is generated daily at the ASC. According
to a nurse at the Center, in just one day eight 30-gallon garbage bags full of blue wrap and plastic
waste were collected from one operating room that had only three cases that day.63 Considering
the Center has on average 35 cases per day, if blue wrap and plastic waste were collected from
all nine operating rooms, it could be proven that the ASC produces a significant volume of blue
wrap.

After determining the weight of one 30-gallon size garbage bag containing mixed plastic
waste, our team was able to calculate the volume generated per day and year by setting up a
comparison ratio. This calculation yielded a value of 93 bags produced from 35 surgeries on a
daily basis. This value was then multiplied by bag weight (7.3 lbs) leading to a generated blue
wrap volume of 681 lbs per day. We again assumed that the Center would be producing this
volume 5 days per week, 52 weeks per year. Based on this analysis, we determined that the ASC
60

Personal communication with Corporate Sales Member at Waste Management. Phone Interview February 11,
2011.
61
Personal communication with Group Segment Director, Waste Management. Phone Interview April 1, 2011.
62
Personal communication with Director at Waste Management. In-person Interview April 22, 2011.
63
Personal communication with ASC Nurse. In-person Interview March 4, 2011.
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produces 89 tons of blue wrap and mixed plastic annually. This is approximately 67% of the
ASC’s outgoing solid waste stream.

In order for blue wrap recycling to be cost-effective for the ASC, a large volume of blue
wrap must be picked up in an orderly fashion. As a result, unless more facilities within the Duke
Health/School of Medicine system also take part in this service, the fee may make the blue wrap
recycling too expensive for an individual facility to absorb. Based on our team’s calculations,
the recycling service for blue wrap would cost the ASC $19,580 per year. However, this fee
does not reflect the return value of the blue wrap nor the reduction in municipal solid waste
costs. After accounting for the reduction in the solid waste stream (calculated by multiplying the
tipping fee times the volume of materials being removed from the solid waste stream), a
reduction of 89 tons of material from the waste stream amounts to an annual savings of
$3,782.50 and a new blue wrap recycling fee of $15,797.50 per year. Inclusion of the estimated
return of blue wrap ($400 per ton excluding transport fees), would lead to a positive influx to the
Center of $35,600, leading to a net return for the service of approximately $19,802.50 per
annum. Again it is important to note that this value does not reflect the transport cost per ton for
blue wrap and mixed plastic which could be significant.

Through our literature review, it was made clear that blue wrap recycling is a profitable
enterprise in other hospital systems. We therefore believe this to be a viable option for the ASC
in the future when more information is available about the various programs.

Our client

expressed a strong interest in recycling blue wrap waste because of the sheer volume discarded at
the Center on a daily basis. Since the Duke Hospital is also exploring blue wrap recycling
opportunities, this service may prove feasible for the ASC in the near future.64

Employee education is critical for a successful blue wrap recycling program. Staff must
be properly trained to sort waste and separate blue wrap into designated purple bags before
incision to eliminate risks of contamination. Purple bags for blue wrap recycling are placed in
surgical units to make recycling more convenient. Education for surgical staff in the pre-incision

64

Personal communication with Assistant Research Professor in Community and Family Medicine and
Environmental Sciences & Policy at Duke University. In-person Interview February 16, 2011.
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handling of sterile blue wrap must be a priority before implementing such a program. Education
can occur in staff meetings, through e-mails and fliers, and with clearly labeled signs over
recycling containers outlining recycling procedures.

3. Sharps Recycling
Extended services in waste treatment and recycling have been discovered through several
discussions with Waste Management. The recycling of sharps and needles in a medical center
offers opportunities to meet sustainability, financial, and patient care goals.

Waste

Management’s Healthcare Solutions group has formed a partnership with Becton, Dickinson and
Company (BD) to recycle and reprocess sharps and needles. Traditionally, sharps and needles
are treated and then landfilled, but through this unique partnership, Waste Management and BD
may create value from this waste.

Through a cradle-to-cradle approach, these medical

instruments are recovered from health care facilities, autoclaved, washed and dried, shredded,
and made into plastic fluff to create pellets used to construct new plastic sharps containers.65
This service has the potential to reduce sharps waste going to the landfill by nearly 70%.66

VI.

Purchasing
With respect to purchasing, the ASC and the Duke University Health system as a whole

have the opportunity to work closely with their suppliers in the purchasing of more sustainable
products. By communicating ASC needs to their suppliers and encouraging suppliers to meet
those needs at a reasonable cost, the Center can improve sustainability, reduce waste streams and
even reduce patient risk. We believe improving sustainability through purchasing to be a viable
option as Cardinal Health, the main supplier for the ASC, has expressed an interest in health care
waste reduction. The company recently joined a coalition with other medical suppliers to reduce
plastic waste forming the Healthcare Plastics Recycling Council (HPRC). 67 As a member of the
65

Personal communication with Corporate Sales Member at Waste Management. Phone Interview February 11,
2011.
66
Personal communication with Waste Management and Becton, Dickinson. In-person Interview February 22,
2011.
67
“Johnson & Johnson, WM, Six Others Start Medical Recycling Coalition,” Environmental Leader, April 6, 2011
(accessed April 25, 2011); available from http://www.environmentalleader.com/2011/04/06/johnson-johnson-wmsix-others-start-medical-recycling-coalition.

30

HPRC, we believe Cardinal Health would be open to negotiating purchasing contracts in order to
reduce packaging waste at the ASC. In addition to improving sustainability, sourcing materials
that contain fewer hazardous substances will improve patient health and safety. In this aspect,
sustainability and patient health go hand in hand.

One opportunity our group identified to reduce outgoing waste streams and resource use
is through reformulation of surgery kits. The Center currently purchases a variety of surgery kits
for specific surgeries such as knee replacement kits that contain a number of extraneous
materials. The inclusion of expensive drill bits in many kits is just one example of a material
that is usually not used in surgeries and that is disposed of despite not having been used. These
onetime use devices may not need to be included in every surgery kit. Disposal of unused
devices equates to lost resources for the Center. As a result, the ASC should discuss their
specific needs in terms of materials with their suppliers.

Packaging of materials is another area that the ASC can discuss with their vendors. Most
medical devices are wrapped several times in plastic and cardboard, which are later thrown out.
By demanding less packaging from their vendors, the ASC will reduce their waste streams. The
ASC can also pressure their suppliers to use recyclable materials, materials that are
biodegradable, and also refrain from using polyvinyl chloride (PVC) plastic or Styrofoam which
does not break down quickly. 68

The Health Care Without Harm website has a number of ideas and recommendations to
hospitals for improving the sustainability of products purchased and used in the health care
setting.

This effort is termed Environmentally Preferable Purchasing (EPP) and the top

recommendation is to work closely with vendors and suppliers. 69 Recommended best practices
to decrease waste and improve sustainability include purchasing materials in bulk in order to
reduce extraneous packaging, making a conscious effort to purchase goods with recycled

68

Health Care Without Harm, Issues: Green Purchasing (accessed April 27, 2011); available from
http://www.noharm.org/us_canada/issues/purchasing/goals.php.
69
Id.
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content, and choosing products that do not contain hazardous materials such as mercury, flame
retardants, or PVC and di-ethylhexyl phthalates (DEHPs).70

PVC and DEHP are used to produce plastic and make it flexible for use in a variety of
settings. Use in medical facilities includes intravenous (IV) bags. Studies have shown that the
DEHP used to make PVC IV bags can leach from the plastic and enter the solutions being
injected into patients. Risk from exposure includes potential damage to many organs such as the
heart, liver and lungs. 71 As a result of the potential patient risk from DEHP exposure, strides
have been taken to reduce the use of PVC and DEHP in patient IV bags. Baxter International
has developed an alternative that does not contain these toxins in their AVIVA line of flexible
plastic containers, thereby eliminating the risk of DEHP leaching into patients receiving IV
treatment.72

Another opportunity stems from switching to safer products such as non-toxic cleaning
solutions. Typical disinfectant cleaners can release volatile organic compounds (VOCs) and
other chemicals impacting indoor air quality. 73 In addition, microfiber mops and cloths are
becoming more popular as their use has been found to use less water and chemicals. One such
producer includes Clean House Microfiber Cleaning Products.74

Our client had expressed interest in alternatives to the petroleum-based bedding that was
disposed of in large quantities daily at the ASC.

Research did not identify any suitable

alternatives at this time. However discussing their interest in reusable or biodegradable bedding
with Cardinal Health is an example of how the ASC can use their purchasing power to drive
improvements in the health care arena.
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Health Care Without Harm, Issues: Green Purchasing (accessed April 27, 2011); available from
http://www.noharm.org/us_canada/issues/purchasing/goals.php.
71
San Diego Earth Times, Health Risks from PVC Plastics, November 1999 (accessed April 28, 2011); available
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Baxter International, IV Solutions, 2011 (accessed April 28, 2011); available from
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VII.

Results/Discussion
It is the goal of our team and our faculty and staff advisors to have this work published so

it will be helpful to comparable health care facilities nationwide. In this way, health care
facilities can make informed decisions to improve both their facility’s sustainability as well as
their bottom line. Through our analysis we have provided the Duke Ambulatory Surgery Center
with an accurate assessment of their current energy and waste production as well as feasible,
cost-effective methods for reducing their resource consumption and environmental impacts in the
future. Our results and recommendations are focused on fringe operations of the ASC where the
most cost-effective and simplest solutions can be implemented to improve the sustainability of
the Center. Estimates affecting core operations were considered in our analysis but are not
considered within the scope of the project recommendations due to the logistical complexity
required in allowing work to be done in critical areas of the ASC such as operating rooms. It is
also the intent of our client for this project to not only consider the implementation of
sustainability measures, but also to be able to scale up the recommendations to other buildings in
the Duke University Health system.
These results will also prove useful in the design of new “green” medical centers such as
the cancer center which is currently under construction at Duke University. By establishing
baselines at the ASC from which to measure the success of our implemented recommendations,
resource conservation and cost savings can be evaluated in a retrofitted building.

This

information can be used to demonstrate the differences in resource and cost savings in a newly
constructed building like the cancer center that is designed for sustainability as opposed to one
that has been retrofitted, which can inform decision-making in future construction or renovation
projects at Duke University.

1. Energy
WattStopper sensors were placed in a variety of locations within the ASC to measure the
lighting behavior in those areas. These sensors detect light and motion. Figure 7 and 8 depict
when the lights are on and the area is occupied (denoted in green), when the lights are on but
there are no people present (yellow), when the lights are off and the area is occupied (white), and
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when the lights are off and the area is vacant (black). As can be seen in Figure 7 below depicting
service hallway lighting, approximately 70% of the time the lights are left on despite no one
being in the area. The graph also reveals that the lights in the service hallways were never turned
off during the monitoring period as indicated by the absence of a black or white segment in the
pie chart. From the data gathered by the WattStopper sensor, it is easy to see that the service
hallways would be a good candidate for energy efficiency measures.

Figure 7: Lighting and Occupancy Statistics for ASC Service Hallways

In contrast, the data retrieved from the WattStopper placed in the patient waiting room
yielded different results. As can be seen in Figure 8, staff behavior was quite different in the
patient waiting area as staff members turned lights off when the area was vacant (black) 43% of
the time during the monitoring period. Since only 21% of the time the lights are on and the
waiting room is empty, the patient waiting area would not be an area where energy efficiency
measures be recommended.

The initiation of energy efficiency measures would not be as

effective in reducing energy use as the Center staff is already doing a great job of turning the
lights on and off as needed within this area.
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Figure 8: Lighting and Occupancy Statistics for Patient Waiting Room

Figure 9 and 10 are another graphical representation of the data collected by the
WattStopper sensors. Figure 9 depicts and contrasts the lighting behavior and occupancy for a
specific area over time, in this case the employee break room. The yellow section represents
lighting usage while the green sections represent occupancy.

Rising color levels represent

increased usage or occupancy at that particular time. The graphs are separated into two sections,
one for weekdays and one for weekends. This is necessary since the ASC does not operate
continuously and operations are shut down for evening and weekend hours.

According to Figure 9, the employee break room has high occupancy from 6:00 am to
6:00 pm on the weekdays as indicated by the high green bars. Correspondingly, the yellow bars
representing lighting usage are high as well. From 6:00 pm to 6:00 am, the occupancy of the
area steadily declines as is expected since the Center shuts down at night. However, as the
occupancy rates decrease the lighting behavior does not decrease correspondingly. This can be
seen from the discrepancy between the yellow bars as opposed to the green bars in the graph.
Lighting usage stays high from approximately 6:00 pm to 12:00 am. While light usage decreases
from 12:00 am to 6:00 am, it still does not match the low rates of occupancy during those hours
and energy is still being wasted during this time. The data collected over the weekend further
demonstrates the inconsistency between lighting use and occupancy. Over the weekend, the
lighting use for the area ranges from 50 to 70% while the occupancy is minimal. Much of the
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energy being used to power the lights in the area could be saved if the lighting behavior matched
the occupancy levels more closely.

The discrepancy in the lighting and occupancy data as recorded by the WattStopper
sensors indicate that the employees are not turning off the lights in the break room at night. This
situation can be remedied by encouraging staff to be more environmentally conscious or through
the installation of occupancy sensor switches. As there is more energy being used than required
for the occupancy rate, the employee break room would be an excellent candidate for energy
efficiency measures.

Figure 9: Graphs Showing Energy Use Over Time in the Employee Break Room

Figure 10 is the WattStopper data collected for the patient waiting room, which was
established as an inferior candidate when considering areas for the implementation of energy
efficiency measures. In contrast to the data for the employee break room, the lighting behavior
follows the occupancy fairly closely. High occupancy corresponds to high lighting use from
6:00 am to 6:00 pm on the weekdays while the lights are turned off from 12:00 am to 6:00 am
when there is close to zero human occupancy in the area. The graph representing the weekend
occupancy and lighting usage only reinforces the fact that the patient waiting area would not be
the first area chosen for energy efficiency measures. The lights are turned off on the weekends
over the entirety of the monitoring period even when there was occupancy detected.
Opportunities for savings exist from late afternoon to midnight where the occupancy dips while
the lighting usage remains high. However, the energy savings during this period would not
justify the cost of installing an occupancy sensor switch or other energy efficiency measures.
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Again, the installation of a motion sensor would not be as effective in reducing energy use as the
Center staff is already doing a great job of turning the lights on and off as needed within this
area.

Figure 10: Graphs Showing Energy Use Over Time in the Patient Waiting Room

Using the WattStopper measurements as an indicator, several areas were identified in the
ASC as having high potential for energy savings from installing occupancy sensors. These areas
are the anesthesiology office, the employee break room, the post-anesthesia recovery/discharge
area, the service hallways, and the medical equipment store room. These areas were selected as
areas for improvement due to the high percentage of wasted electricity as indicated by the
WattStopper sensors. The installation of the occupancy sensor switches in these areas will help
reduce overall energy use by decreasing the percentage of time when the lights are on but the
area is unoccupied.

From the energy baseline audit conducted, the energy and cost savings for installing
occupancy sensors at each of the areas listed above can be determined. The retail cost of a
typical commercial occupancy sensor is listed as ranging from $100 to $200. Since Duke
University receives price discounts for bulk purchasing, the lower limit of $100 for the pricing
range was used for the payback period calculations. However, costs for installation and labor
must be accounted for. As such, the final cost for the installation of an occupancy sensor switch
was determined to be $250. Assuming an electricity rate of $0.07 per kilowatt hour, the payback
periods for all of the areas under consideration were determined to range from one to two years
(see Appendix E for further details). The $250 figure is deliberately calibrated to be higher than
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the expected costs for the purchase and installation of occupancy sensor switches to provide
some buffer from unexpected expenses; therefore, the realized payback periods are expected to
be shorter than indicated in the model. Overall, the ASC will save 30 MWh of energy from the
installation of the occupancy sensor switches.

In economic terms, the ASC will save an

estimated $2,141 in yearly energy expenses in just these five areas. If this energy efficiency
strategy were to be expanded into other areas of the ASC, the yearly energy and monetary
savings could be much higher.

Another energy efficiency measure that could be implemented to control lighting energy
use is the changing of the light fixtures’ bulbs to more efficient models. According to Duke
Medical Engineering and Operations, the majority of the ASC already uses compact fluorescent
bulbs (CFLs). As such, this leaves two paths to upgrading. The Center could install newer and
more efficient CFLs or it could consider upgrading to an LED lighting system. The first process
would involve checking all light fixtures in the Center to determine if the bulbs were still the
same models as those listed on the lighting schedule in the blueprint. The process would be
labor and time intensive and would require a significant capital investment if the existing bulbs
were found to be obsolete. The installation of LED lights would also be very expensive and
installation could impact facility operations as the entire lighting fixture would need to be
removed to accommodate the LED systems. Replacing the light bulbs will diminish the savings
realized by the installation of occupancy sensors due to the lower energy draw of the Center’s
light fixtures. If implemented in conjunction, the payback period of the occupancy sensors
would be longer and the yearly savings realized would be lower. As a result, we believe the best
option for the Center is to install motion sensors where cost-effective and encourage behavioral
changes such as turning off the lights when leaving a room.

2. Water
By installing water economizer kits on each of the two steam sterilizers at the ASC, the
Center can save a significant amount of water as well as money. Kits cost approximately $2,000
and can save 37 gallons of water per hour which translates to an annual water savings of over
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324,000 gallons and a cost savings of $2,917 per year. 75 If economizer kits are placed on both
sterilizers, the Center can expect to save $5,834 per year with a payback on their investment
within the first year of installation. Over a 5 year period, the Center can expect to save $24,726.
In addition to the significant cost savings over 5 years, an equally significant 3,241,200 gallons
of water can be saved over the same time period. Further details are outlined in Table 5 and
Appendix F.

Table 5: Payback Period and Financial Return on Investing in Sterilizer Economizer Kits

In assessing the opportunity to save water in the vacuum pump system using water
efficiency kits, it was discovered that the retrofits were not cost-effective and could also impact
the functionality of the system. Because these kits restrict water flow, there is a risk that if they
malfunction, water flow may cease and the equipment may not work properly. In a health care
facility this will place patient well-being and safety at risk, so this is not a viable opportunity to
improve water efficiency at the Center as patient safety is the top priority. In addition, each kit
costs $9,484 to install (including labor) and in the first year the Center would see a loss of

75

Sterilizer Savings Calculator provided by Energy Engineer at Duke University.
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$7,378.76 The total 5 year savings including the installation of the kit would be $1,046, which is
not a substantial enough savings to justify the large upfront cost of the kit.

With the risk involved with technological retrofits, the opportunity for savings will be
realized through behavioral changes among staff. Significant water and cost savings can be
realized by encouraging staff to close vacuum pump valves when the suction devices are not in
use. The benefit of investing in behavioral changes is that it is free for the Center and requires
only an investment of time into proper training and education. If ASC staff become accustomed
to closing vacuum pump valves throughout the day, it is more likely that they will close these
valves at night and over the weekends where the greatest savings will be found. It is estimated
that by closing these valves during hours when the Center is not operating, the ASC can expect
to save $3,072 and 307,200 gallons of water per year (see Table 5). This only accounts for
savings during nighttime hours and over the weekends. If it is feasible for the staff to begin
closing valves throughout the day between surgeries, the Center can expect even greater savings.

3. Waste
After the initial one month long recycling competition, the following results outlined in
Table 6 were submitted to our team via Orange Recycling. 77 Based on these values, it is clear
that recycling is beneficial in that it significantly reduces the volume of materials entering the
municipal solid waste stream, with an estimated annual reduction potential of 5 tons annually.
Unfortunately, the overall cost of the program is much greater than the return for recyclables (see
Table 7).

76
77

Sterilizer Savings Calculator provided by Energy Engineer at Duke University. See Appendix F.
Personal communication with Owner of Orange Recycling. E-mail April 11, 2011.
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Table 6: Recycling Competition Results (one month)

Center

Mixed Paper (lbs)

Mixed Beverage

Total (lbs)

(lbs)
ASC

711

136

847

Eye Center

694

116

810

Table 7: Recycling Program Fees and Returns

Center

Total Cost

Total Return

Savings from

Fee Not

for Recyclables

Waste Diverted

Offset by

from MSW

Return

ASC

$270

$47.68

$16.94

-$205.37

Eye Center

$270

$45.66

$16.20

-$208.14

The final cost estimates for blue wrap currently do not reflect the transport fee per ton of
blue wrap and as a result yield higher returns than ASC would see if the program was
implemented. More information needs to be collected prior to including a blue wrap recycling
program as a final recommendation to the ASC. However, it is evident that blue wrap recycling
could be profitable with the original estimate of an annual return of $19,802.50 excluding
transport fees. It is important to keep in mind that the combination of a general recycling
program and the potential of a future blue wrap/mixed plastic recycling program could reduce
ASC outgoing solid waste streams by 94 tons or 67% annually.

A final summary of our results can be seen in Figure 11 below. The combination of
water and energy savings more than offsets the annual service fee for recycling mixed beverage
containers and paper. Blue wrap recycling was not included as more information is needed to
41

accurately assess the costs and returns of the program. The ASC can expect a total annual
savings of $8,582 based on our recommendations

Figure 11: Total Expected Savings Post Payback Period Per Year

Energy
• $2,141
Total
Savings
• $8,582

VIII.

Water

Recycling

• $8,906

• -$2,465

Recommendations
The opportunities that we propose are both economically and environmentally feasible

and will help the Duke Ambulatory Surgery Center lower their operating costs as well as reduce
their impact on the environment while still keeping the care of their patients first and foremost.
Technological Changes
1. Water economizer kits for sterilizers
Installation of an economizer kit on each of the two steam sterilizers at the ASC will cost
approximately $4,000 and lead to a payback period of less than 1 year and nearly $6,000 of
savings on water bills per year. Because this retrofit will not increase risks to patient health and
because the potential savings are significant, we recommend that economizer kits be installed on
each autoclave.
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2. Timed and motion sensor lights
We recommend that timed and motion sensor lights be installed in areas that have
demonstrated a substantial energy savings opportunity based on WattStopper readings. Staff
hallways, break rooms, and other areas of high activity present the greatest opportunities for
savings because lights were found to be left on much of the time, even at night and over the
weekend, when occupancy was low or nonexistent.
Behavioral Changes
1. Recycling services to divert waste
The pilot recycling program for mixed beverage containers and mixed paper should be
made into a permanent program. Although the program is not cost neutral (the pickup fee is
greater than the return on recyclables), the program serves as a staff education and participation
tool to remind staff about environmental issues at the Center. Engaging employees around
sustainability can also result in happier and more productive workers. Savings found elsewhere
at the Center can also serve to offset the costs of the program. Lastly, it may be cheaper and
more sustainable to autoclave and reuse materials as opposed to disposing of and purchasing new
pre-sterilized medical supplies. We also recommend that blue wrap recycling services for the
ASC be looked into further as we believe these recycling programs offer opportunities for
substantial savings.

2. Vacuum pump valve shut off
Behavior-based changes will be most effective in reducing vacuum pump water
consumption. Water efficiency kits are not feasible due to high upfront costs and the potential
for malfunction and increased patient risk. More importantly, overuse of water resources in
these systems results from staff failing to close valves. Through education and training, staff can
learn to properly operate these vacuum pump systems, in turn, saving water and money in the
process. We recommend incorporating such education into regular staff meetings throughout the
year as a constant reminder of the importance of closing vacuum valves.

In addition, we

recommend that the ASC has environmental awareness days that incorporate friendly
competitions revolving around energy and water savings. Individuals or teams that prove to
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perform most sustainably throughout the day by incorporating environmentally conscious
behaviors into their daily routine would receive an incentive chosen by the Center.

3. Proper signage for waste disposal and segregation
Each waste stream at the Center is unique and the processing for each stream is
expensive. Therefore, it is paramount to ensure that all staff members are properly trained as to
what materials belong in which bins. For instance, discarding materials that do not classify as
medical waste in the medical waste bins incurs an added cost of $0.17 per pound. With such a
large volume of waste being generated at the ASC, minor errors can quickly add up to expensive
fees. Education is crucial to ensuring that materials are disposed of in the proper bins. We
recommend that the ASC begin a yearly training regimen that clearly delineates proper waste
sorting and signs that clearly define the materials that belong in each container.

4. Educate staff about turning off lights
Proper education is important in encouraging changes in behavior. Engaging activities
and effective training must be utilized to motivate staff to change daily habits. Investments in
technological retrofits can often be avoided with behavioral changes. For example, timer and
motion sensor lights are not necessary if lights are simply turned off when areas are not being
occupied. At the ASC, staff must be educated as to when lights can and should be turned off and
where light switches are located throughout the Center. To support staff in behavior-based
changes, training should be incorporated into staff meetings, reminders can be added to staff emails, posters should be displayed in break rooms and incentive-based competitions and
activities can be implemented.

Although behavioral changes are difficult, with proper

encouragement ASC staff will become more committed to resource savings which will create
further opportunities for cost savings at the Center.

5. Consider sustainability in purchasing decisions
Since the ASC is part of the larger Duke Health System, it is assumed that it has
purchasing power with its suppliers. As a result, we recommend that the ASC work closely with
Cardinal Health and other suppliers and make clear their preference for sustainable materials and
suppliers. For example, sourcing from a company that reuses their packaging material is a
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feasible goal that the purchasing manager at the Center could undertake through clear
communication with ASC suppliers.
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Appendices
Appendix A: ASC Blueprint
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Appendix B: Water Baselines
Total Use for North Pavilion: 350,000 gallons/month
ASC uses 200,000
gallons/month for general
operations

ASC HVAC uses additional
100,000 gallons/month

North Pavilion office tower
uses 50,000 gallons/month

Appendix C: Biomedical Waste at the ASC78
Period per month
201009
201008
201007
201006
201005
201004
201003
201002
201001
200912
200911
200910
Total Cost per
year

Containers
145
131
142
138
130
168
142
134
158
117
159
123

Weight (lbs)
4263.2
3873.6
4155.9
3933.4
3640.8
4531.1
4146.5
3815.2
4418.8
3490.5
4785.9
3621.7

Cost $0.19/lb
$810.01
$735.98
$789.62
$747.35
$691.75
$860.91
$787.84
$724.89
$839.57
$663.20
$909.32
$688.12
$9,248.55

78

Personal communication with an Affiliate in Environmental Services at Duke University. E-mail October 25,
2010.
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Appendix D: Flier of Recyclables Picked up at the ASC

Recycling Competition:
ASC vs. Eye Center
Start Date: March 10, 2011

End Date: April 7, 2011

Bin Locations: OR Break Room (1 Mixed Beverage Container Bin/
1 Mixed Paper Bin)

Utility Room 2114 (1 Mixed Beverage Container Bin)

What Goes in the Bins?
Mixed Beverage Container Bin

Mixed Paper Bin

- Office Paper
- Newspapers
- Magazines
- Soft-back Books
- Journals
- Phone Books
- Chipboard

- Plastics #1 & #2
- Aluminum Cans
- Aluminum Foil
- Steel Cans
- Beverage Glass
- #5 Yogurt Cups

*Recycling Bins will remain for another month (through May 10th) to monitor recycling levels post competition.

For questions/service requests contact Orange Recycling Services, Inc.
919-688-5660 ex 23, orsinc@aol.com
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Appendix E: ASC Energy Use and Payback Periods for Occupancy Sensor Installation
Units

Anesthesiology
Office

Employee
Lounge

Post-Op
Discharge

Service
Corridors

Store Room

Total

Instant Power
Draw
watts
24H
watts
Weekly
watts
Yearly
kWh

945
22680
158760
8255.52

570
13680
95760
4979.52

1125
27000
189000
9828

1965
47160
330120
17166.24

2310
55440
388080
20180.16

On-Vacant

43.80%

32.00%

68.20%

50.00%

50.00%

watts

69536.88

30643.2

128898

165060

194040

588178.08

kWh

69.53688

30.6432

128.898

165.06

194.04

588.18

kWh
dollars

3615.91776
$0.07

1593.4464
$0.07

6702.696
$0.07

8583.12
$0.07

10090.08
$0.07

30585.26

dollars

$4.87

$2.15

$9.02

$11.55

$13.58

$41.17

dollars

$253.11

$111.54

$469.19

$600.82

$706.31

$2,140.97

dollars

$250.00

$250.00

$500.00

$1,250.00

$750.00

$3,000.00

0.9877

2.2413

1.0657

2.0805

1.0619

Wasted Watts
per week
Wasted kWh
per week
Wasted kWh
per Year
Cost per kwh
Cost Wasted
per week
Cost Wasted
per Year
Cost
Wattstopper
($100/ Unit)
Payback
Period

percentage

years
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6915
165960
1161720
60409.44

Appendix F: Sterilizer Water Savings Calculator
STERIS Corporation
2005
WATER CONSERVATION KIT/TRAP COOLING MODIFICATION
Avg. Usage (gal)
Avg. Usage (gal)
Idle State Per Hour Idle State Per Hour
Before Kit
After Kit

Unit
Description
Eagle 2000 16x16 or 20x20 Gravity
P-764328-951

$1,285

Eagle 2000 16x16 or 20x20 VAC
P-764330-406

$1,422

Gallons Saved
Idle State
Per Hour

Gallons Saved
Annually Based
on Usage

60

23

37

324120

60

23

37

324120

Eagle 3000 Stg 2 16x16 or 20x20 Gravity
P-764328-951
$1,285

60

23

37

324120

Eagle 3000 Stg 2 16x16 or 20x20 VAC
P-764330-406
$1,422

60

23

37

324120

Eagle 3000 Stg 3 16x16 or 20x20 Gravity
P-764328-952
$1,245

60

23

37

324120

Eagle 2000 24x36 Vac
P-764328-953

60

23

37

324120

$1,344

Eagle 2000 24x36 Gravity
P-764328-953

60

23

37

324120

$1,344

Eagle 3000 Stg 2 24x36 Vac
P-764328-953

60

23

37

324120

$1,344

Eagle 3000 Stg 2 24x36 Gravity
P-764328-953

60

23

37

324120

$1,482

Eagle 3000 Stg 3 24x36 Vac
P-764328-953

60

23

37

324120

$1,482

Eagle 3000 Stg 3 24x36 Gravity
P-764328-953

60

23

37

324120

$1,482

Install Labor Each (includes travel) v v v v v v
$740.00 <<<<Insert
Water Cost Per Gallon
Supply Gallons Saved Annually
Cost X Gallons Saved Annually

0.0045
324120
$1,458.54

<<<<Insert

Sewer Cost Per Gallon
Sewer Gallons Saved Annually
Cost X Gallons Saved Annually

0.0045
324120
$1,458.54

<<<<Insert

Savings ( supply $ + sewer $) Annually

$2,917.08

Value Of The Kit

$1,482.00

Total Value Kit Plus Labor

$2,222.00

Savings 1st Year Less Kit & Labor
$695.08

Savings 2nd Year
$2,917.08

Total 5 Year Savings including kit
Total 5 Year Savings

$12,363.40
$14,585.40

<<<<Insert

Savings 3rd Year
$2,917.08
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Savings 4th Year Savings 5th Year
$2,917.08
$2,917.08

